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riocBflLuei-me 


KpHCTHH. CjIOBaMII He Bbipa3IITb TO, HTO A AV.VtaFO O Hameil COBMeCTHOH >KM3IIH. H c 
HeacHOCTbio OTHomycb k iiameii ceMbe h ko bccm naiim.vi ceMefiHbiM paAOCTHM. KaacAbiii 
Aem> mo eft >icn3»mi i[aiio. men . nooom.io k Te6e. 

Aabh (9 Jiei) h Ipam (5 JieT). Bbi 06a baoxhobjihjiii \iemi, vhmjih mciis-i nipaTb h Bece- 
jio npoBOAHTb BpeMH. Ha6AK>AeHira 3a TeM, KaK bw pocjin, AOCTaBjiajin mhc paAOcm Mhc 
iioiie 3 ./io CTaTb 'lacnno Barneft >k h 3 mi. H jho6jho h nemo Bac oa iiaiie Bcex Ha CBeTe. 



npeAMC/iOBue 


Bot mm h CHOBa BCTpeTHjiHCb. Kto 6h Mor noAyMaTb? Ara, 3Haio — a dojumia 6bijia sto 
npeABH/i,eTb! 

JKii3Hb b 6paice — o/um cnnoniHOH «/(eHb cypua». Ecjih bm iic bh/icjih stot cjniAbM, 
nocMOTpHTe; bbi BHe3anHO nofiMeTe, no'ic.viy o/um h Te ace oihh6kh iipoxo/unca noBTO- 
pjiTb CHOBa h CHOBa. Kor/i,a /facecjxj) CKa3aji mhc, hto oh He 6yaeT nucaTb CAeAyiomyio 
KHiiry, a cpa3y noHaaa, hto oto nycToe o6emaHiie. /l/izccjx}) we Mootcem He HanucaTb 
c./ic/i,yioinyio KHiiry. ToabKO cero/um mbi c hum oocy/icxavin eme o/uiy KHiiry KOTopyio 
oh Toace coBepmeHHO He co6npaeTca nucaTb (TO/ibKO no'ie.viy-'io yace Hanuca/i u,ejiyio 
iviany). 3 to y Hero b KpoBii. IIopoAHCTaa /lomaxb poacaaeTca aah cica'icic, a /1/Ke<}x}) 
poacaeH AJia Toro, hto6m nucaTb khiioi. 

/1'/KC()m)) npeACKa 3 yeM, KaK CMeHa BpeMeH roAa. Oh He moacct AepacaTbca noAajibme 

OT HOAIIKOB H CAHIIII'ICK Ha CBOCM ACCCTKO.V! AHCKC. H 1/01/1,3 HOpMaJIbHbie AIOAH MIipHO 
CnaT B CBOHX IIOCTCVIMX, BHyTpeHHHH Oy/UIVIblllll/ /I,>KC())(j)3 lia/lllliaCT 3B0HIITb l/TC-'I'O B 3 
aaca iiotii (norAa Ham 5-acttthh chh 3ajie3aeT b Hamy nocTe/ib — eme oaho aB/ieHiie, 
cKOTopbiM, noxoace, mi'iero He iio/uviaemb). Kaicaa-TO TaiiHCTBeHHaacn./ia HanpaB/iaeT 
/Iace(J)(J)a b Ka6iiHeT h 3acTaBaaeT ero M03r pemaTb BceB03MoacHbie MaACHbKiie h 6ojibmne 
ii|)o6./ie.vibi, /Ipyni.vi ocTaeTca /iiiiiii. nepeBepHyTbca Ha Apyroii 6ok ii CHOBa 3acHyTb — 
3Haa, tio /i,>izc(}x}) tac-to paAOM pemaeT sth ii pooviCMbi 3a Hac — cvioisno HeKiifi Kii6ep- 
cyneprepoH, cnacaiomiifi nporpaMMHbie noTOKii ot npeacAeBpeMeHHofi rn6eAH. 

OAHaKO /l/i/eijxjiy iie/UK/'iaTO'iiio KomiTb bcio 3Ty iiii())0|x\iau,ii 10 b cbocm ahhhom 
yroAKe Bccncnnoii. Ero HaaiiHaiOT Tep3aTb yrpbi3eHiia cobcctii — oh aoaacch noAeaiiTbca 

CBOHMH MbICAHMH C APyCHMH; 3anHCaTb HX Ha OVMarC. OhII CAOBHO paAHOBOaHbl, KOTO- 
pbie Iicpc/UIIO'ICM B npOCTpaHCTBe, HTo6bI HX KTO-TO I'AC-TO npHliaA. H BCe 3T0 /te/iaCTCM 
AAa Bac, Aoporofi 'iinaie.ib; nepeA BaMii cimAC'ie./ibCTbO ero CTpacra k TexHOJiomaM 
Microsoft. 

B 3toh KHiire Ao6aBiiJiocb aBTopcKofi MyApocTH. Baviaacb Ha coahmuikc, /facecjxj) 
CTaHOBHTca CTapme, h c tc'iciiiicm act oh iia/innacT oraaAbiBaTbca Ha3aA- Pao.vibiiii/iMa 
o Bemax c 6oaee ape/ibix no3iin,iiH, oh nepeimcavi r.iaiiiy, nocBameHHyio OTpaaceHino 
(reflection). Bo3Moa/HO, bm on,eHHTe ero nosTHaecKHH noAxoA k TeMe. B stoh iviaix 1 
paccKa3aH0 o tom, KaK 3acTaBHTb nporpaMMHbiii koa 3aAaBaTb Bonpocbi o ApyroM KOAe, 
a TaKace npriBOAHTca 6oaee ray6oKiie paccyacAemm o tom, noaeMy OTpaaceHiie pa6oTaeT 
HMeHHO TaK, a He imaae. ElaAeHbTe xaviar, c/i/u/rc b KoacaHoe i/pecvio h npeAaiiTecb bbi- 
coki-im pa3Mbini./iemi mm o cbocm koac h cm bicvie ach3hii. 

TaKace b KHiire /[.ooaniivioi MaTepiiavi o async/await. Ohcbhaho, sto pa3BHTHe tcmm 
AsyncEnumerator, o KOTopoii Moii ak>6iimmh roBopiiA KaKoe-TO BpeMH Ha3aA- TorAa MHe 
nopofi Ka3a/iocb, hto oh hh 0 aeM ApyroM roBopiiTb yace hc cnoco6eH! IIpaBAa, iioc/ic bccx 
pa3roBopoB a TaK toakom h He 3anoMHi-iAa, hto 3to TaKoe. /facecjKj) pafioTaa c rpynnofi 
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b « 6ojibiiiOM M», flOBOAH ao yMa MexaHH3M async/await, h Tenepb stot MaTepnaji BOineji 
b KHiiry, HTo6bi nopaAOBaTb MiriaicjiH. 

Eme 0/1,1 io KpynHoe aoiio/iiiciiiic k KHiire Bbi3biBaeT y mciim oo/ibme Bcero 3 moh,hh. 
Haxciocb, Bee 'iiiTaTC/iii osnaKOMs-ncoi c ruaBofi o WinRT h B03bMyT stot MaTepnaji 
Ha isoopy>i<emie. WinRT — TaKoii TepMHH x.th Tcxiiapcii, KOTopoe KaKHM-TO o6pa30M 
o.'iiia/iacT: «CxejiaHTe MHe KpyToe 1 IpnjioaceHne J[j\a Moero IIjiaHineTa — II PH MO 
CEHHACEx /[a, bcc iscpno; oto iioiiaa nciio. imiTC/ibiiaM cpexa Windows jpia ceHCopHbix 
SKpaHOB. Mon xcth ooo/KaiOT KHAaTbcn irmaKaMii b oisiincii, MHe HpaBHTcn npiuioace- 
hhh c niiCToaKaMii, h onpexejieHHO njiamneTbi nojie3Hbi .yia oopaaobaTC/iiaibix ne/ieii, 
Hame bojho (jiaiiTaaii n! H noacajiyiicTa, cxejianTe TaK, HTodbi ./mi r/iana npimecjia MHe 
KaKyio-HiidyAb nojib3y. Iliiaae Moe Tepneraie c /Rice<|x))OM h ero bcmoii padoToii nax 
KHHraMH uccHKHeT, h a 3anpy ero b KOMHaTe c BH3ajibHbiMH cininaMH h 6e3 ajieicrpnae- 
CTBa. BbioiipaiiTC, nporpaMMHCTbi: ji nooninneM KJiaccHbie iipii/iO/KCiina c WinRT, jih 6 o 
hobmx KHiir ot ^aceijxjia yace He 6yn,eT! 

Kopone roBopn, /Rkc(})(|) (npn isamcM HeycTaHHOM coxencTBiin) Bbmaji oaepe/oio ii 
mexeisp, h Haina com b/i MoaceT BepHyTbca k cnoeMy HopMajibHOMy coctohhh io. Xotm 
HTO CHHTaTb HOpMOH? B03M0aCH0, COCTOHHIie padOTbl I [Jl/I, OMCpC/1,1 lOli KHIirOH yaCe CTajIO 
HOpMaabHblM. 


B mepnejiueoM oMudmuu cjiedymneu khuzu, 
KpucmuH Tpeiic (Mena flMe(p(pa) 

0Kmfi6pb 2012 z. 



Ha noMomb! CnacuTe flxecjjcfia ot B33aHua! 



BeeAGHMe 


B ma n ope 1999 ro/pi aioah H 3 Microsoft BnepBbie 11 |) 0 /lc.vtoi reapn|)ona. r h miic ii.iai- 
cjaopMy .NET Framework, o6mea3biKOByio cpeAy BbinoAHeHiia (Common Language 
Runtime, CLR) h H 3biK nporpaMMiipoBaHiia C#. Bee 9 to npoii3Bejio Ha .viena cn. iiiiioc 
isiicaaTjieimc: a cpa3y noHHJi, 'no moh iio/ixo/i, k iiaiiucaiiHio nporpaMMHoro ooeciiene- 
Hiia npeTepnHT cymecTBeHHbie H3.vieiiei[iia. Mena nonpociran npoKOHcyAbmpoBaTb 
KO.viaii/i,y paapaooi nnKon, h a ncMe/u'iemio corjiacmica. 1 lonanajiy a AV-vtaa, mo naaT- 
(jiop.vta .NET Framework npe;i,CTaii. : iacT coooii a6cTpaKTHyio npocAOiiKy mokav Win32 
API (Application Program Interface, iiiiTep<))ciic 11 ])nic.ra/uroro nporpaMMiipoBaHiia) 
h .\TO/[,e. i 1.10 COM (Component Object Model, odbercraaa MOAejib KOMnoHeHTOB) . Ho 
new 6ojibine a iiaynaa ii. : iaT<J:)opMy .NET Framework, tcm acHee ishaca, HacKOJibKO a ee 
HeflooueHiiBaji. B HeKOTopoM cm hicAe sto onepaunoHHaa CHCTeMa. Y Hee coder iseimi>ie 
AHcnemep BiipTyajibHofi naMaTH, CHCTeMa 6e3onacHOCTH, 4>aHAOBbiii aaipyanii k, Me- 
xaHH3M odpadoTKH omiidoK, MOAeab ii30Jian,iiii npHAoaceHHH (aomchh npiiAoaceHiiii), 
MOAeab MHoronoToaHOCTH h MHoroe Apyroe. B stoh KHiire bcc 3 th (ii MHorne Apyrne) 
TeMbi ocBeru,aiOTca takhm o6pa30 M, uto 6 bi bh Moran atjxjieKTiiBHO npoeKTirpoBaTb 
h peaAH30BbiBaTb nporpaMMHoe odeciic'iemie Ha oroii iPAanjiop.vte. 

H HamicaA tckct stoh Kinirri b OKTa6pe 2012 roAa, h yace npoinno 13 AeT c Tex nop, icarc 
a padoTaio c nnaTcjmpMOH .NET Framework h a3biKOM nporpaMMiipoBaHiia C#. 3a 3th 
13 AeT a co3AaA pa3HOo6pa3Hbie iipn. : iO/Kemia h KaK Koiicy.'ipyraiiT KOMnaHiiii Microsoft 
BHec a.iia'ilrie.iPjmilii BKAaA b pa3pa6oTKy ii. : iaTcjx)pMi>p .NET Framework. B Ka'iecnse 
coTpyAHHKa CBoeir KOMnaHiiii Wintellect (http://Wintellect.com) a padoTaA co mhoo-imi-i 
3aKa3'iii iaimi-i, noMoraa mm npoeKTHpoBaTb nporpaMMHoe odecipeneiiiic, OTAaacHBaTb 
h onTHMH3npoBaTb nporpaMMbi, pemaTb hx ii|X)6./icmp>i, CBa3aHHbie c .NET Framework. 
Becb 3 tot onbiT noMor MHe peaAbHO y3HaTb, KaKiie HMeHHO npodAeMbi B03HiiKai0T 
y AiOAeii npu padoTe c nAanjiopMOH .NET Framework h KaK 3 th npodaeMbi pemaTb. 
H nonbiTaaca conpoBOAHTb sthmh 3HaHiiaMii Bee TeMbi, iipc/i,c'iaii. : ieiiiibic b stoh KHiire. 


fl/w Koro 3Ta KHura 

IfeAb 3TOII KPHini — odbaCHIITb, KaK pa3pa6aTbIBaTb 11 | )I1. ; I0>I\CI [ P I H H MHOrOKpaTHO hc- 
noAb3yeMbie KAaccbi AAa .NET Framework. B nac'i iiocni, sto oana'iacr, nro a codiipa- 
iocb paccKa3aTb, KaK padoTaeT cpeAa CLR h KaKiie bo3moachocth OHa npeAOCTaBAaeT 
paa.paoo'i'i n kv. B stoh KHiire Taioice omicbiBaioTca |)a3.;iii'iin>ic KAaccbi cTaHAapTHofi 
dridAHOTeKii kahccob (Framework Class Library, FCL). Hu b oahoh KHiire iicisopsmo/K- 
ho omicaTb FCL noAHOCTbio — OHa coAepacHT Tbicaaii THnoB, h hx hiicao npoAOAacaeT 
pacTH yAapHbiMii TeMnaMii. TaK nro a ocTaHOBAiocb Ha ochobhhx minax, c kotophmh 
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AOJiaceH 6biTb 3hhkom KaacAbifi pa3pa6oTuiiK. H xoth b stoh KHiire i ic paccMaTpiiBaiOT- 
ch 0 '[;i,c./ihim no/i,CHCTeMa rpacjiiraecKoro rniTcpcjieiica noobaonaTCJiM Windows Forms, 
CMCTeMa nocTpoemm KJiiieHTCKiix npHjioaceHHH Windows Presentation Foundation 
(WPF), Microsoft Silverlight, Be6-cjiyac6bi XML, Be6-(J)opMbi, Microsoft ASP.NET 
MVC, Windows Store Apps n t. jx., Tcxiio.iomn, onucaHHbie b Heii, npriMemiMbi ko eceM 

3THM BH/jaM npHjioaceHHH. 

B KHirre ncnojib3yiOTCH cncTeMbi Microsoft Visual Studio 2012, .NET Framework 4.5 
h KOMniiJiHTop C# Bepcroi 5.0. KoMiiaima Microsoft CTapaeTCH no bo3moxchocth o6e- 
cnemiBaTb odpamyio coBMeeriiMOCTb npn BbinycKe hoboh Bepcnii othx nporpaMMHbix 
npo/i,yKTOB, iiooio.viy MHoroe H3 Toro, hto odcyaytaeTcn b uannoii Kiinre, npu vieiiu.vio 
h k paHHHM BepcHHM. Bee npHMepbi b KHiire HanncaHbi Ha H3bnce C#, ho TaK KaK b cpe/te 
CLR moxcho ncnojib30BaTb pa3JiiraHbie H3biKii nporpaMMiipoBaHiin, KHiira npiiro/tiiTCJi 
TaKace h TeM, kto ii inne r Ha upyrnx nabiKax nporpaMMiipoBaHira. 

nPMMEHAHME 

npmviepbi Kona, npnBeAemibie b KHnre, moxho 3arpy3HTb c caPua KOMnam/in Wintellect 
(http://Wintellect.com/Books). 

A h moh pe/taKTopm ycep/tHO iiOTpy/uinncb, uTodbi uari) BaM Handojiee Tonnyio, 
CBeacyio, ncuepnbiBaiontyio, y/to6Hyio, noHumyio h 6e3omri6ouHyio iiHcjiopMan,iiio. 
0, i,i laiio Aaace xaKari cjiaHTacTiiuecKaji KOMaH/ta He mo>kct npe/tycMOTpeTb Bee. Ecjih bm 
oonapyacrne b stoh KHiire oiiihokii (ocooeimo omriOKii b nporpaMMHOM Ko/te) hjih ate 
y Bac nonBiiTCH KOHCTpyKTiiBHoe npe/uio>Kemic, to h 6yjxy BaM oneiib npii3HaTejieH 3a 
coo6meHiie 06 stom no MoeMy a/tpecy JeffreyR@Wintellect.com. 


E/iaroflapHOcm 

A 6bi He nannca.i 3Ty KHiiry 6e3 noMomii h TCximnecKoii no/mepatKii mhotiix mo/teii. 
B uacTHOCTii, h xoTeji6bi iioo./iaro/iapiri b moio ceMbio. Oneiib cjioacHO ii3MepiiTb BpeMH 
h ycrumn, KOTopme rpedyiOTcn ajih iiaiincaimn xopomeii khiioi, ho h 3Haio Tonno, nxo 
6e3 no/mepacKii Moeii >kci i i>i KpiicniH h /psyx cbiHOBeii, A/ipna h FpaHTa, h 6bi He cmot 
H anucaTb 3Ty KHiiry. Oneiib uacTO Hainii miaHbi coBMecTHoro BpeMunpoBoac/teHira cpbi- 
Bajiiicb ii3-3a acecTKoro rpacjniKa padoTbi. Tenepb, no 3aBepmeHiin padoTbi iia/i, Kiiurori, 
h HaKOHeu, npe/tBKymaio pa/tocTb ooincimn c ceMbefi. 

B HanircaHiiH KHiini MHe noMorajin MHonie sa.vienaTC./ibiibie aio/tii. V'lacum kii rpyn- 
nbi .NET Framework (mhooix h3 kotopmx h cnriraio cbohmh xpy.'SbM.vni) 3aHiiMajincb 
peu,eH3iipoBaHiieM MaTepnajiOB KHiini h oecexoiia./in co mhoh, /lyman iiHcj)opMau,iiio ana 
pa.iMbiiii.iennii. KpriCTorj) Hacapp (Christophe Nasarre), c kotopmm n pado'ia.i yace 
b HecKOJibKiix npoeKTax, BbinojiHiui i MTainincciaiii rpy/i, no npoBepne Moeii padoTbi 
h no3a6oTiuiCH o TonnocTii h KoppeKTHOCTii cjiopMyjmpoBOK. Oh bhcc oneni) 6o./ibiiioii 
BKJia/t b noBbimeHiie KanecTiia khhxh. KaK Bcer/ta, 6buio oneiib npiiHTHO padoTaTb c pe- 
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AaKTopcKofi K'o.viaii/poii Microsoft Press. Opype.iiaiyio djiaro/papHOGTb h xony Bbipa3HTb 
BeHy PaiiaHy (Ben Ryan), /(oisony Macrpeimy (Devon Musgrave) h Kopoji /(njuinnrcM 
(Carol Dillingham). Cnacndo raiOKC Cbi03H Kapp (Susie Carr) h Kaii/pciic CriHKJiep 
(Candace Sinclair) 3a pe/paiCTypy n noMonpb npn BbinycKe Kiiiirn. 


n oflflep>KKa 

Mbi npHjioacHjiH MaKCHMyM ycrijiriri, HTodbi 3 Ta KHiira h conpoBO/pHTejibHbie MaTepiiajibi 
co/pepacajm KaK mopscho dojiee Tomryio iii[())op.\ianiii(). Bee HcnpaBjieHHH u iiaMCiieima 
nydjniKyiOTCH b HameM pa 3 /pe.ne Microsoft Press Ha came oreilly.com no a/ppecy http:// 
go.microsoft.com/FWLink/?Linkid=266601. 

ITpii odHapyaceHim ornridrcii, oTcyTCTByromefi b cniicKe, bm CMoareTe coodnpiiTb o Heir 
Ha toh ace CTparuirpc. 

Ecjih BaM noiia/poOH'iCM /poiio. iiime.rpmaM no/p/pepacica, oopainai'necb b cnyacdy no/p- 
aepacKH Microsoft Press Book Support no a/ppecy mspinput@microsoft.com. 

I lo>Pca„ : iyi ; icTa, ooparme BHHMaHHe, hto no yica3aHHbiM a/ppeca.vi TexHiraecKaji no/p- 
/pepacica nporpaMMHbix npo/pyKTOB Microsoft He npe/pocTaB/nreTCH. 


Mbi xotmm 3HaTb Bauie MHemie 

Mbi npimeTCTByeM modbie 0T3biBbi Ha 3Ty KHirry. noacajiyiicTa, coo6rt[HTe cboc .vi i pci i ipc o 
KHirre b onpoce, KOTopwir Haxo/pirTCH no a/ppecy http://microsoft.com/learning/booksurvey. 

Onpoc 3aiiMeT coBceivr HeMHoro BpeMemi, a mm BHHMaTe/ibHO ii|)ric. : iyiimis;pCMCM ko 
bccm aaMC'iaim mm h npe/p/iosceHiiHM. 3apaHee cnacndo 3a Bame yuacme! 


EyAbTe b xypee 

OdnpeHire npoAOJiacaeTca! Mbi b TBHTTepe: http://twitter.com/MicrosoftPress. 


Ot M 3AaTeaq nepesoAa 

/(jih y/podcTisa 'ini ape/ieir mm /podamiuii b KHirry KpaTKnii cjiOBapb cootbctctbh a pyc- 
CK 0 H 3 MHHMX h ciipi . ioa 3 )PjI'iipi»p x TepMiiHOB. Bamn aa.Yie'iamia, iipc/pjiO/icemia h BonpocM 
OTnpaBjiHiiTe no a/ppecy 3 /ieKTpoHHoii nouTbi comp@piter.com (113/paTejibCTBO <<IlHTep», 
KOMnbPOTepHan pc/paiapiiM). 

Mm dy/peM pa/pbi y3HaTb Bame MHeHne! 

I lo/ppoduyio HH(|)opMaipiiio o Hamux KHirrax bm p laii/peac Ha Bed-cairre H3/paTejibCTBa 
http://www.piter.com. 
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fnaBa 1. Mofle/ib BbinojiHeHua 
KOfla b cpeAe CLR 


B Microsoft .NET Framework noaBiiaocb MHoro hobmx Koiiueimxiii, TexHOJioniii h Tep- 
mhhob. Ifenb oio ii raaBbi — aaTb o63op apxHTeKTypbi .NET Framework, no3HaKOMHTb 
C HOBbIMH TeXHOJIOniHMH .0X0 ii IIJiaTCjlOpMbl H Onpe/l,ejIHTb TepMIIHbl, C KOTOpbIMH Bbl 
CTOJiKHeTecb npn pa6oTe c Heii. Taxace b oxoii rjiaBe ixmookcii nporjecc nocTpoemiH npruio- 
aceHim mm Ha6opa pacnpocTpaHaeMbix KOMnoireHTOB (cjoafuiOB), KOTopbie coaepscaT Tiinbi 
(Kjiaccbi, CTpyKTypbi h t. n.), ri 3aTeM ofrbaciieim, xax BbinojmaeTCH npruroacemie. 


Kom nun a 141/1 a i/icxoahoto koas 
b ynpaejiqeMbie MOAyni/i 

Mxaic, Bbi penmaniicnoab30BaTb .NET Framework raic iiaaxfjiop.viy pa3pa6oTKii. Ox.iiia- 
ho! Bam nepBbiii mar — onpeaearrxh isna co3aaBaeMoro npriaosceHiia rum KOMnoHeHTa. 
IIpe/i,nojioacuM, uto otot Bonpoc yace pemeH, Bee cnpoeKrapoBaHO, cneuricjmKaruiri 
HanucaHbi n Bee totobo >yia iia'ia.xa pa3pa6oTKH. 

Tenepb nayo Bbi6paTb a3me iiporpa.vtMiipoiiaima. H .0x0 HenpocTaa oaaana — Beab 
y pa3Hbix h3mkob riMeroTca pa3Hbie B03MoacHOCTH. HanpriMep, c oanoH ctopohm, 
I'lieyiipaii.iaeMbiii rcoa» C/C++ yacx aocxyn k cncTeMe Ha hh3kom ypoBHe. Bbi BnpaBe 
pacnopaacaTbCH naxiaibio no CBoeMy ycMOTpemno, npn i[eo6xo;i,nMOCi it coisaaisaix, npo- 
rpaMMHbie noTOKii 11 t. a. C apyroir ctopohh, Microsoft Visual Basic 6.0 no3BoaaeT oaeHb 
6biCTpo CTpoiiTb noab30BaTeabCKiie iiHTepcjreHCbi n ./iciico ynpaBaaTb COM-o6beKTaMir 
n 6a3aMii aaHHbix. 

Ha3BaHne cpea+i — o6ui,ea3UKoeaH cpeda eunomeHUH (Common Language Runtime, 
CLR) — roBopriTcaMO 3ac,e6a: oto cpeaa m.ino. ineima, rcoTopaanoaxoanTyaa pa3Hbix 
h3mkob nporpaMMupoBamm. OcHOBHbie B03M0acH0CTir CLR (ynpaBaemie naMHTbio, 
3arpy3Ka c6opox, 6e3onacHOCTb, o6pa6oTKa ncKMioaemiii, cimxpomiaauna) aocTynHbi 
b jno6bix a.3bi Kax nporpaMMupoBamm, Hcnoab3yromrix oxy cpeay. HanpnMep, npn 06- 
pa6oi KC ornnOoK cpeaa isbmo.meima oimpacxca Ha hck.xiohchh>t, a aiiaam, bo Bcex 
H3biKax nporpaMMiipoBaHiia, nciio.xbayioiunx oxy cpeay BbinojiHemia, coo6memia 06 
on 1 no rax nepeaaiOTca npn iiomoihii Mexamr3Ma iick. noaemm. Han, HanpriMep, cpeaa 
BbinoaHeHira iio.'iiso. iaex co3aaBaTb nporpaMMHbie noxorcrr, a .Hiaanx, bo Bcex aobinax 
nporpaMMripoBaHiia, nciio.xb.ayioiuiix oxy cpeay, Toace MoryT co3aaBaTbca noTOKii. 
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OaKTiraecKii bo BpeMH BbinoAHemm nporpaMMbi b cpeae CLR HeH3BecTHO, Ha KaKOM 
H3biKe nporpaMMiipoBaHim paapadoT'iii k naimcaji hcxoahmh koa. A sto sna'iirr, 'no 
moacho Bbi6paTb modofi h3mk nporpaMMiipoBaHim, KOTopbifi no3BOjuieT npome Bcero 
pemiiTb KOHKpeTHyio aana'iv. Pa3pa6aTbiBaTb nporpaMMHoe oocciiciciihc mojkho Ha 
. iiooom H3biKe nporpaMMiipoBaHim, ecjiH to. ii<i«) HcnoAb 3 yeMbiH KOMniuiHTop 3Toro 
H 3 biKa noAAepacHBaeT CLR. 

TaK b neM ace Tor^a npeiiMymecTBO oahoto H3biKa nporpaMMiipoBaHim nepeA Apy- 
niM? H paccMaTpiiBaio KOMmiAHTopM KaK cpeACTBa kohtpoah CHHTaKCHca h aHaAima 
«npaBiiabHOCTH KOAa». KoMmiAHTopbi npoBepaiOT hcxoahmh koa, ydeacAaiOTCH, uto Bee 
HaraicaHHoe HMeeT hckhh cmmca, h 3aTeM reHepiipyiOT koa, onHCbirsaiomHH pememie 
AaHHOH aa/ui'Hi. Pa3Hbie h3mkh nporpaMMiipoBaHim no3BOJiaiOT pa3pa6aTbmaTb npo¬ 
rpaMMHoe odecneueraie, Hcnojib3ya pa.3A 11 1 1 m,i ii CiiHTaKCHC. He ctoht HeAOOuemiBaTb 
anaaemie Bbi6opa CHHTaKCHca H3biica nporpaMMiipoBaHim. Hanpimep, aah MaTeMaTH- 
'icciCHx hah <})iiiiaiicoBiiix npiiAoaceHHH BbipaaceHiie mmcah nporpaMMHCTa Ha m.3i,ikc 
APL MoaceT coxpaHHTb .vinom /oicii pa6oTbi no cpaBHeHiiio c npiiMeHeHiieM b .yam 10ii 
CHTyan,HH aa.biica Perl. 

KoMnaHim Microsoft pa3pa6oTaAa KOMmiAHTopM aah CAeAyiomux h3mkob npo- 
rpaMMiipoBaHim, HcnoAb3yeMbix Ha stoh iiAanJiop.vic: C++/CLI, C# (iipoiiaiiociiTca 
«ch uiapn»), Visual Basic, F# (npoii3HOCHTCH «3cj3 mapn»), Iron Python, Iron Ruby 
h acccM6./icp Intermediate Language (IL). KpoMe Microsoft, eme HecKOAbKO KOMnaHHH 

H yHIIBepCHTeTOB C03A3AH ICOM11 II. IMTOpi)!, 11 pC/1,1 IH.'il IH'ICI [ I [ 1,1 C A AH CpeAbI BbinOAHeHIIH 

CLR. Mne H3BecTHbi icomiiii. : [mto|)i,i a-ah Ada, APL, Caml, COBOL, Eiffel, Forth, Fortran, 
Haskell, Lexico, LISP, LOGO, Lua, Mercury, ML, Mondrian, Oberon, Pascal, Perl, Php, 
Prolog, RPG, Scheme, Smalltalk h Tcl/Tk. 

PucyHOK 1.1 HAAiocTpupyeT npouecc komhhahuhii (jiaii.ioii c iicxoahmm koaom. Kan 
bhaho H3 pucyHKa, hcxoahmh koa nporpaMMbi MoaceT 6biTb HamicaH Ha aio6om h;si,ikc, 
noAAepacHBaiomeM cpeAy BbinoAHeHim CLR. 3aTeM cooTBeTCTByiomiiH komiihahtop 
npoBepaeT CiiHTaKCHC h aiiaAoaiipycT hcxoahmh koa nporpaMMbi. BHe 3aBHCHMOCTH ot 
T ima ncnoAb3yeMoro KOMniumTopa pe3yAbraTOM komhiiahuhii 6yAeT hbahthch ynpaeime- 
muu Modyjib (managed module) — CTaHAapTHbiii nepeHOCiiMbrii ncnoAHHeMbiii (portable 
executable, PE) <})aii./i 32-pa3pHAHofi (PE32) hah 64-pa3pHAHoii Windows (PE32+), 
KOTopbiii TpedyeT aah CBoero BbinoAHeHim CLR. KcTara, ynpaBAHeMbie cdopKii BcerAa 
iicnoAb3yiOT npeiiMyruecTBa (jiymcmni 6e3onacHOCTH «npeAOTBpaiueHim BbinoAHeHim 
AaHHbix» (DEP, Data Execution Prevention) h TexHOAormo ASLR (Address Space 
Layout Optimization), npiiMeHeHiie sthx TexHonorim noBbimaeT iii[())()pMauiioim\TO 
6e3onacHOCTb Bcefi cucTeMbi. 

KOMmiAHTOpbl MamilHHOrO KOAa npOII 3 BOAHT KOA, OpiieHTIipOBaHHblH Ha KOHKpeTHyio 
npoueccopHyio apxHTeKTypy, naii|)iiMcp x86, x 64 hah ARM. B OTAimne ot stoto, Bee 
CLR-coBMecTHMbie KOMniiAHTopbi reHepiipyiOT IL-koa. (I loApoonec 06 IL-koac pac- 
CKa3aHO Aaaee b stoh rAaBe.) IL-koa imorAa Ha3biBaiOT ynpaenneMUM (managed code), 
noTOMy tio CLR ynpaBAHeT ero BbinoAHeHiieM. 
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QiaBa 1 . MoAe/ib BbinoriHeHna KOfla b cpefle CLR 



Pmc. 1.1. KoMnunauna ncxoflHoro koa 3 b ynpaBJiaeMbie MOAynn 
B Ta6ji. 1 . 1 onucaHbi cocTaBHbie Haem ynpaBjuieMoro MOAyjiH. 


Ta6/nma 1.1. Haem ynpaBJineMoro MOAy-na 


HacTb 

OrwcaHue 

3arojiOBOK PE32 hah 
PE32+ 

CTaHAapTHbiii 3aroJiOBOK PE-4>aftjia Windows, aHajiomuHbm 3a- 
ronoBKy Common Object File Format (COFF). OaSji c 3aroAOB- 
kom b cjiopMaTe PE32 moacct BbinoAHATbca b 32- n 64-pa3pHAHOii 
BepcHHX Windows, a c 3arojiOBKOM PE32+ — TOAbKO b 64-pa3- 
paAHoii. 3aroAOBOK o6o3HanaeT run 4>aiMa: GUI, CUI hah DLL, 
oh TarcAce HMeeT BpeMeHHyro MeTKy, noKa3biBaiomyio, KorAa cjraHA 
6 bia codpaH. ^aa MOAyAeir, coAepAcanpix toabko IL-koa, ochob- 
hoh odbeM HHcjropMartHH b 3aroAOBKe PE32(+) HraopripyeTCH. 

B moayaax, coAepAcanpix ManiHHHbiii koa, 3tot 3aroAOBOK coAep- 
ACHT CBeAeHHA 0 MaiUHHHOM KOAe 

3aroJioBOK CLR 

CoAepacHT HHcjropMartHio (iiHTepnpeTHpyeMyro CLR h yTHAHTa- 
mh), KOTopaa npeBpanjaeT 3 tot MOAyAb b ynpaBAHeMbift. 3aroAO- 
bok BKAionaeT HyACHyro Bepcnio CLR, HeKOTopbie cjrAarn, MeTKy 
MeTaAaHHbix MethodDef tohkh BxoAa b ynpaBAHeMbift MOAyAb 
(MeTOA Main), a TaKAce MecTopacnoAOAceHHe/pa3Mep MeTaAaHHbrx 
moayah, pecypcoB, CTpororo hmchh, HeKOTopbix cjrAaroB h np. 

MeTaAaHHbie 

KaACAbift ynpaBAsreMbift MOAyAb coAepACHT TadAHijbi MeTaAaHHbix. 
EcTb ABa ochobhhx BHAa TadAHrt — sto TadAHUbi, onHCbmaroniHe 
Timbi AaHHbix h hx HAeHbi, onpeAeAeHHbie b hcxoahom KOAe, h Ta- 
dAHijbi, onHCbiBaromire THnbi AaHHbix h hx HAeHbi, Ha KOTopbie 
HMeiOTCH CCblAKH B HCXOAHOM KOAe 

Koa Intermediate 
Language(IL) 

KoA, C03AaBaeMbIH KOMnilAATOpOM npil KOMnilAAAHH IICXOAHO- 
ro KOAa. BnocAeACTBHH CLR KOMnHAHpyeT IL b MamiiHHbie 
KOMaHAbI 
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KaacflbiH KOMraijiHTop, npeAHa3HaneHHMH auh CLR, noMiiMO reHepiipoBaHim IL-KOAa, 
AoaaceH TaKace C03AaBaTb nouHbie Memadaunue (metadata) auh KaacAoro ynpaBuaeMoro 
MOAyjiH. Ilpome roBopa, MeTaAaHHbie — sto Ha6op Taduim ;i,aiim,ix, oiiiicp.iiiaiomux to, 
ato onpeAejieHO b moavhc, Hanpimep Tiinbi h hx auchm. B .weTa/uiiiiiPjix TaiOKC ecTb 
Tad'iimi.i, yKa3biBaiomne, Ha ato ccbiuaeTca ynpaBUHeMbifi moavu i>, HanpHMep Ha im- 
nopTiipyeMbie Tiinbi h iix auchm . MeTaAaHHbie pacmupaiOT bo3moachoctii Taraix CTapwx 
TexHOJioriiii, KaK 6 h6jihot 6KH TimoB COM h cjraiiubi IDL (Interface Definition Language, 
H3biK onncaHHa iiincppjpeiicois). Baaoio otmcthtp,, ato MCTa/pamn,ie CLR coAepacaT 
Kv/ia 6ouee pio. pipvkj ipii cjpop.viaip,n 10 . H, b otuhahc ot 6nd : i hoick p pipiois ii IDL-cjiaHuoB, 
OHii iscciyui ciiM3ai[i,i c <))aii./io.\i, co;i,cp>Kamii.vi IL-koa. flLucni'icciai MeTaAaHHbie ipceiaa 
BCTpoeHbi b tot ace EXE- ip.pip DLL-cJiaHU, ato h koa, TaK ato iix iie. iixwi pa3AeAHTb. A no- 
CKoabKy KOMniuiHTop reHepiipyeT MeTaAaHHbie h koa OAHOBpeMCHHO h npiiBH3biBaeT hx 
K KOHeAHOMy ynpaBAJieMOMy MOAyAIO, B03M0aCH0CTb paCCHHXpOHH3an,HH MCTaAaHHblX 
h onucbiBaeMoro hmh IL-KOAa iincno'iena. 

MeTaAaHHbie HaxoAHT miioio npriMeHeHiiii. IlepeAHCAHM unuib HeKOTopbie 113 hhx. 

□ MeTaAaHHbie ycTpamnoT HeodxoAHMOCTb b 3 aroaoBOAHbix h 6n6AiiOTeAHbix cjiafijiax 
npn KOMniuiHUHH, Tax KaK bcc CBeAeHiia 06 ynoMHHaeMbix Timax/AAeHax coAepacaTca 
b (jiaiLie c peaurmyiomHM hx IL-koaom. Kompipi./ih p c)|)i>p MoryT AHTaTb MeTaAaHHbie 
npHMO H 3 ynpaBJiaeMbix MOAyueii. 

□ CpeAa Microsoft Visual Studio iicnoAb3yeT MeTaAaHHbie auh odaeineiiitH Hannca- 
hhh KOAa. Ee <))ymaiiiM IntelliSense aHauH3iipyeT MeTaAaHHbie h coofmiacT, icaicne 
MeTOAbi, ciioiic'P iia, co6mthh h nouH npeAnouTHTeAbHbi b ,iaiiiiOM cuyaae h icaicne 
HMeHHO napaMeTpbi TpedyiOTCH KOHKpeTHbiM MeTOAaM. 

□ B npouecce BepiitjuiKaunii KOAa CLR ipc:ipo. p p>;jyc3 MeTaAaHHbie, ato6m ydeAHTbCH, 
ato koa coBepmaeT ToabKO «6e3onacHbie no OTHomeHiuo k TiinaM» oneparuiii. (IIpo- 
BepKa KOAa odcyacAaeTca Aaaee.) 

□ MeTaAaHHbie ho3bohhiot cepnaaH30BaTb noun odbercra, a 3aTeM nepeAaTb sth aaii- 
Hbie no ceTH Ha yAaaeHHbiii KOMnbiOTep h TaM npoBecTH npouecc AecepnaaH3an,HH, 
BoccTaHOBiiB o6beKT h ero cocTOHHiie Ha yAaaeHHOM KOMnbioTepe. 

□ MeTaAaHHbie no3BoamoT cdopnuiKy Mycopa OTcaeacriBaTb a<H3PPCTiiPbiii uhkh odneK- 
tob. npn noMoruii MCTaAaHHbix coopimi k Mycopa MoaceT onpeAeariTb THn odbercroB 
h y3HaTb, KaKiie hmchho noun b hiix ccbiaaiOTCH Ha Apyrrie odbeKTbi. 

B raaBe 2 MeTaAaHHbie oniicaHbi 6oaee noApodmi. 

H3biKii nporpaMMiipoBaHiiH C#, Visual Basic, F# h IL-acceMduep BcerAa C03Aai0T 
MOAyari, coAepacamHe ynpaBuaeMbiH koa (IL) h ynpaBUHCMbie AaHHbie (AaHHbie, noA- 
AepaciiBaioruHe cdopKy Mycopa). /fan BbinoaHeHiiH aiodoro ynpaBUHCMoro MOAyun Ha 
Mamirne KOHCAHoro noab30BaTeuH AoaacHa dbiTb ycTaHOBaeHa cpe/ia CLR (b cocTaBe 
.NET Framework) — TaK ace, KaK auh BbinoaHeHiiH npnaoaceHiiH MFC Han Visual 
Basic 6.0 aoaacHbi 6 i,itp> ycTaHOBaeHbi 6ii6./inoTCK'a KaaccoB Microsoft Foundation Class 
(MFC) huh DLL-diiduHOTeKii Visual Basic. 
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QiaBa 1 . MoAe/ib BbinojmeHMa KOfla b cpene CLR 


Ilo yMOJiHamiio KOMrauiHTop Microsoft C++ coaxacr EXE- n DLL-(J)aiijibi, KOTopbie 
coxcp/icaT HeynpaBJiaeMbiri koa h HeynpaBJiaeMbie /ijumbie. /fjiH hx BbinojiHeram CLR 
He xpeSycTOi. O/uiaKO ecAii Bbi3BaTb KOMmiAHTop C++ c napaMeTpoM /CLR b KOMan/i,- 
Hoii CTpoKe, oh co3/i,acT ynpaBjiHCMbie MOAyAii (h kohchho, aah pa6oTbi sthx MO/tyneii 
/LO./OKI 1 a 6biTb ycTaHOBJieHa cpeAa CLR). Komhhahtop C++ ctoht oco6hhkom cpcxii 
Bcex ynOMHHyTbIX KOMnHAHTOpOB npOH3BOACTBa Microsoft — TOAbKO OH n03B0JIHeT 
pa3pa6oTHHKaM micaTb KaK ynpaBAHCMbiii, TaK h HeynpaBAaeMbiii koa ii BCTpaimaTb ero 
b eAHHbiH MOAyab. 3 to TaKace eAHHCTBeHHbiH KOMnujiHTop Microsoft, pa3pemaiorLtHH 
nporpaMMHCTaM onpeACAHTb b hcxoahom koac KaK ynpaBJiaeMbie, TaK h HeynpaBJiaeMbie 
THnbi Aamibix. KoMnruiHTop Microsoft npeAOCTaBAaeT paapaooT'in kv HenpeB30HACH- 
Hyio rn6KOCTb, i[03iso. ih a Hcnojib30BaTb cvmccTiiyiomiiii HeynpaBJiaeMbiH ko/i, Ha C/ 
C++ H3 yiipab/iMeMom koaa h nocTeneHHO, no Mepe iicooxoahmocth, nepexoAHTb Ha 
ynpaii/mcM bie THnbi. 


06'beAMHeHMe ynpaBJiqeMbix mo Ay-new 
b c6opKy 

Ha caMOM acac cpeAa CLR pa6oTaeT hc c MOAyjraMii, a co c6opKaMii. C6opua (assembly) — 
3to aocTpaicmoe iioiimthc, iioiimii, cmmca KOToporo Ha nepBbix nopax 6bmaeT iic/ienco. 
Bo-nepBbix, cbopKa ooeciie'iiiisacT ./loni'iecKvio rpynnupoBKy 0 / 1,11010 hjih HecKO/ibKiix 
ynpaB/iaeMbix .vio/py/ieii hjih cjaaii/iOB pecypcoB. Bo-btophx, 3to iiaii.Yieiibmaa CAHiinna 
MHoroKpaTHoro iicnoAb30BaHiiH, 6e3onacHOCTH h ynpaBAemia BepciiHMii. C6opKa MoaceT 
COCTOATb H3 0/1,1 IOKO HJIH HeCKOJIbKHX (JiaiUIOB — BCe 3aBHCHT OT Bbl6paHHbIX CpeACTB 

h KOMnnjmTopoB. B KOHTeKCTe cpeAbi CLR coopi/oil ira.i la iiae rc j-i to, tio mm oobiano 
Ha3biBaeM KOMnonenmoM. 

O coopi/ax AOBO/ibHO noxpoono paccKa3aH0 b r/iaBe 2, a axcci, xocTaTO'mo noA+epK- 
HyTb, a to 3to Koiincirryajuaioc iioiimthc oooana'iacT cnocob oobexniiemia rpynnbi 
cjiaimoB b eAHHyio CymHOCTb. 

PlICyHOK 1.2 IIOMO/ICC'I' nOHHTb CyTb c6opKH. Ha 3T0M piICyHKe U3o6pa>KCIIbl HeKO- 
Topbie ynpaB/iaeMbie MOAyAii h cjiaiuibi pecypcoB (hah a^hhmx), c kotopmmh paboTaeT 
HCKOTopaa nporpaMMa. 3Ta nporpaMMa C03AaeT eAHHCTBeHHbiii cjiaiiA PE32(+), KOTopbiii 
ooeciic'iiibac'i' .toiti'icck'vio rpynnupoBKy tjiaiiAOB. npn stom b cjaaiiA PE32(+) m/.iioaa- 
eTCHH 6aok AaHHbix, Ha3biBaeMbiH MamupecmoM (manifest). MamicjiecT npeACTaBAneT 
C060H o6bIHHbIH Ha6op TabAHU MeT3A3HHbIX. 3tH Ta6AimbI OmiCblBaiOT cjiailAbl, KOTOpbie 
bxoaht b coop kv, obmeAOCTynHbie 3KciiopTiipye.vibie THnbi, pcajiiiaoiiamibie b cjaaimax 
cbopKii, a 'laioicc otiiocmiuiiccm k coop kc (jiaibibi pecypcoB hah a^hhmx. 

no yMOAnaHino KOMmiAHTopbi caMir BbinoAHHiOT pa6oTy no npeo6pa30BaHiiio co3AaH- 
Horo ynpaBAaeMoro MOAyAH b cbopKy, to ecTb KOMniiAHTop C# C03AaeT ynpaBAHeMbiir 
MOAyAb C MaHHCjieCTOM, yKa3bIBaiOmHM, HTO cbopKa COCTOHT TOAbKO 113 oahoto cjiailAa. 
TaKiiM o6pa30M, b npoeKTax, rAe ecTb TOAbKO oahh ynpaBAHCMbiii MOAyAb h hct cjiaiiAOB 
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pecypcoB (hah (}iaii./iob aamibix), c6opKa h hbahctch ynpaBAHeMbiM moavacm, iio.oto- 
My BbinOAHHTb /I.0110.l 11 HICJI l> 111)1 ACHCTBHH nO KOMIIOHOBKe II|)II./I0>KCI[I1M He HyaCHO. 
B cjiyaae ccah iico6xoaiimo crpynnupoBaTb HecKOJibKO <))aii. : ioii b c6opKy, noTpedyiOTCH 
/(onojiHiiTejibHbie iiHCTpyMeHTbi (HanpuMep, icomiioiiobiuiik c6opoK AL.exe) co cbohmh 
i lapaMCipaM h KOMaiiaiioi-i CTpoKii. O hhx no/ipoono paccKa3aH0 b raaBe 2. 



Pmc. 1.2. OOteAHHeHne ynpaB/iaeMbix MOAyneCi b c6opi<y 


C6opKa iioano.iMCT paa/tCAim. AornnecKoe h (jiiiaii'iecKoe npeACTaBAeHHH KOMno- 
HeHTa, noAAepaaiBaiomero MHoroKpaTHoe iiciio./ibaobamie, 6e3onacHOCTb h ynpaBAeHiie 
BepcuHMH. Pa36neHiie nporpaMMHoro KOAa h pecypcoB Ha pa3Hbie cj)aHJibi nojiHOCTbio 
onpeACAaeTCH AceAamiHMH pa3pa6oTHHKa. HanpuMep, peAKO HcnoAb3yeMbie Timbi 
h pecypcbi moacho BbiHecTH b oTAC.ibiibie cjiaii a h c6opKii. OTAeAbHbie <:)>aii.;i Ij.i MoryT 3a- 
rpyacaTbcano3anpocy H3 MmepncranoMepeHeo6xoAHMOCTH b npopecce bbmo.memiM 
nporpaMMbi. Hear n HCKOTopbie (jiaii./ibi He iio'ipefiryio'ica, to ohii iic 6yAyT 3arpyacaTbCH, 
HTO COXpaHHT MeCTO Ha aCeCTKOM AHCKe H COKpaTHT BpeMH yCTaHOBKII nporpaMMbi. 
C6opKii iio.'ibo. iM iot pa36irTb Ha nacTH npou,ecc paabepibibaim m (jraii./iob, npn 3tom Bee 
(fiaii./ii.i 6yAyT paccMaTpHBaTbcn Kaic ca in mi if Ha6op. 

MoAyAH c6opKii Tanace coAepacaT cbCACini m o ap.vthx c6opKax, Ha KOTopbie ohii 
cci.i.iaiOTCM (b tom m ncjie HOMepa hx Bepcnii). 3th AaHHbie Ae.iaiOT c6opKy caMOonucu- 
eaeMOU (self-describing). /IpyrnMii caobamh, cpeAa CLR MoaceT onpeACAHTb Bee npHMbie 
3aBHCHM0CTH ASHHOH c6opKII, Heo6xOAHMbie A AH CC BbinOAHeHIIH. He HyACHO pa3MemaTb 
HIIKaKOH AOnOAHIITeAbHOH III l(|)Op.YI31(11 II HH B CIICTeMHOM peeCTpe, HII B AOMeHHOH 
CAyatde AD DS (Active Directory Domain Services). Bc./icactisiic SToro pa3BepTbiBaTb 
cdopKii ropa3AO npome, mcm HeynpaBAHeMbie KOMnoHeHTbi. 
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QiaBa 1 . MoAe/ib BbinojmeHMa Kona b cpene CLR 


3arpy3Ka CLR 

Kaacaasi co 3 /i,aBaeMaH c6opKa npeacTaBaneT co6oh aiido ncnojiHaeMoe npnaoaceHiie, 
jiii6o 6n6jiiiOTeKy DLL, coaepacamyio Ha6op tiiiiob flan iicnoab 30 BaHHH b iicnoaHHCMOM 
npnaoaceHnn. Pa. 3 y.viccTCii, cpcua CLR onsc'iacT 3 a ynpaBaeraie ncnoaHeHiieM icoaa. 
3 to 3 HauiiT, hto Ha KOMnbiOTepe, BbinoaHmomeM aamioe npiiaoaceHiie, aoaacHa 6biTb 
ycTaHOBJieHa naan)) op.ua .NET Framework. B KOMnaHim Microsoft 6bui coa/yi 1 /[,11c- 
TpH6yTHBHbiH naKCT .NET Framework pan CBodopHoro pacnpocTpaHemm, KOTopbiii bm 
mo/icctc 6ecnjiaTHO nocTaBJiHTb cbohm KaneHTaM. HeKOTopbie Bepciiii onepaiuiOHHoii 
ciiCTeMbi ceMeiicTBa Windows nocTaBjimoTCH c yace ycTaHOBjieHHofi naaTcjiopMOH .NET 
Framework. 

JXj ih Toro nTodbi noHHTb, ycTaHOBJieHa jih naaTcjiopMa .NET Framework Ha KOMnbio- 
Tepe, nonpodyirre HaiiTii cjiana MSCorEE.dll b KaTaaore %SystemRoot%\system32. Ecan 
oh ecTb, to njiaTcjjopMa .NET Framework ycTaHOBJieHa. Oaiiano Ha 0/1,110.vi KOMnbiOTepe 
MO/KCT6biTb ycTaHOBJieHO o/oioupcMeiiiio HecKOJibKO Bepciiii .NET Framework. l Ito6p>i 
onpepeanTb, KaKiie hmchho BepcriH ycTaHOBJieHbi, npoBepme copepacnMoe caeayiomiix 
noAKaTanoroB: 

%SystemRoot%\Microsoft.NET\Frartiework 
%SystemRoot%\Microsoft.NET\Framework64 

KoMiiaim/i Microsoft isK. iio'in/ia b .NET Framework SDK ymanTy Ko.viai 1/1,1 ioii 
CTpoKii CLRVer.exe, KOTopan bmbopht cniicoK Bcex isepc 11 ii CLR, ycTaHOB/ieHHbix Ha 
Mamime, a Taioicc cooomacT, KaKaa hmchho Bepcnn cpepbi CLR HCiio/ipyycTca TeKy- 
miiMii npoH,eccaMH. /fan 3 Toro HyacHO yKa 3 aTb napaMeTp -all hjih npeHTiKjniKaTop 
iiincpecyioinei'o npouecca. 

I Ipeacpe 'pc.vi nepexoAHTb k 3arpy3Ke cpepbi CLR, noroBopiiM 1101 po/p,p)()61 n:e 06 oco- 
6chhocthx 32- h 64 -pa 3 pnpHbix Bepciiii onepauiiOHHOH ciiCTeMbi Windows. Ecjiii c6opKa 
co/i,epacHT ToabKO ynpaBaneMbiii Kop c kohtpojicm nmoB, OHa poaacHa opimaKOBO xopomo 
padoTaTb Ha odenx Bepciiax ciiCTeMbi. /fonoaHiiTeabHoii MoancjiiiKanmi ncxopHoro Kopa 
He rpediycTCM. Boaee Toro, co3paHHbiii KOMiin/nnopoM roTOBbiii EXE- 11/111 DLL-cjiaiia 
ovpcT ii|)ami. ii.iio isi.ino. iip/n bCM b Windows Bepciiii x86 h x 64 , a 6 pi6./111 o pckpi K/iaccoB 
h p 1 ]) pi./poacoi p 11 fp Windows Store dypyr padoTaTb Ha Mamiiiiax c Windows RT (11c110.1i)- 
3yiomHx npopeccop ARM). /IpyiTiMii c/ioiiaMii, 0/1,1111 h tot ace cjiaiia dypeT padoTaTb Ha 
aiodoM KOMnbiOTepe c ycTaHOBjieHHoii naaTcjiopMoii .NET Framework. 

B pic ic. p po'ppi pc./i laip 0 pe/uoix cjiyuaax pa3padoTmiKaM npnxopnTcn niicaTb kop, cobmc- 
CTHMbiii 'io/ii.ico c KaKoii-TO KOHKpeT ho ii BepcHeii Windows. OdbiuHO 3 to 'ipedycTca npii 
pa6oTe c He6e3onacHbiM kopom (unsafe code) hjih /yin B3aiiMopeiicTBHH c HeynpaBaneMbiM 
kopom, opiieHTiipoBaHHbiM Ha KOHKpeTHyio npoueccopHyio apxiiTeKTypy. /fan TaKiix cay- 
uaeB y KOMnnanTopa C# npepycMOTpeH napaMeTp KOMaHaHOii CTpoKii /platform. 3tot 
napaMeTp iio.iiso/Hic i yKa3aTb KOHKpeTHyio Bepcmo ueaeisoii naaTcjiopMbi, Ha KOTopofi 
naaraipyeTcn padoTa pamioii cdopKii: apxHTCKTypy x86, ncnoab3yiomyio ToabKO 32-pa3- 
pnpHyio CHCTeMy Windows, apxHTeKTypy x64, ncnoab3yiomyio ToabKO 64-pa3pnpHyio 
onepaijiiOHHyio ciicTeMy Windows, nan apxiiTeKTypy ARM, Ha KOTopofi pa6oTaeT ToabKO 
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32 -pa. 3 pa/uiaa Windows RT. Ecjih luiaTiJjop.via He yKa3aHa, KOMimjunop aanciicTaycT 
3HaneHiie no y.vtojiMamno anycpu, KOTopoe 03HauaeT, tio cdopKa mo>kct BbinojiHHTbcn 
b . iioooii Bepcini Windows. I Iojib 30 BaTejiH Visual Studio MoryT yKa3aTb uejieayio njiaT- 
4 >opMy b cnucKC Platform Target Ha BKjia/uce Build oraa cbohctb npoeKTa (puc. 1 . 3 ). 


0*«library1 - Microsoft VUuad Studio 
[lit EDIT yiEW PROJECT BUttD DEBUG TEAM SQL 
O - ifi - Q U ► Start - Dtbug - 


QuKk Lturu.li <Qit-0) 

DATA TOOLS TEST ARCHITECTURE ANALYZE WINDOW HELP 


Build tvenO 

Kdcreixt PaUii 

Signing 

CudtAiwIym 


Configuration: [Actr/< (Dtbug) 


v | PlatfoifB' 1 Actve (AnyCPU) 


| Any CPU 



■CC 


m 


ARM 

_ 


Cundibutial LixnpiUtiiKi jyrntioh; [NEIIX. CORE 
0 OHinr Df BJ)fl tontfant 
M DtAnt TRAC E conttant 
Plufur-n target; 

0 £rrfrrV bit 
□ Allow, unsaft code 
I~1 Oplimix» eoifc 
Frrnri nnii waminqi ■ 

Wamtrg levtl: 

warnings 

Trra* warning; m orwin — 

® None 
O AJI 

O Spr'ifir uwningi! 

Output - 

£utput path; 


jbm'.DtbugS 


Puc. 1.3. OnpeAe/ieHne ueneBoil nnaTcJropMbi cpeACTBaMn Visual Studio 


Ha pnc. 1.3 odpaTHTe mm Mai me Ha cjwiaacoK Prefer 32-Bit. Oh AOCTyuen TOJibKO b tom 
cjiyuae, Korp,a b chhckc Platform Target BbidpaHa CTpoKa Any CPU, a /yia BbidpaHHoro Tima 
npoeKTa coa./tacTca HcnojiHneMbiH (JiaHJi. Ecjih ycTaHOBHTb (})./ia>KOK Prefer 32-Bit, to 
V isual Studio 3anycKaeT KOMmuiHTop C# c napaMCTpoM KOMaH/uiOH cTpoKii /platform: 
anycpu32bitpreferred. 3tot napaMeTp yKa3biBaeT, hto neno jmneMbiH cjiaiui AOJiaceH 
BbinojiHHTbCH KaK 32-pa3pn/i,HbiH flaace Ha 64-pa3pa/i,Hbix MaiHHHax. Ecjih BarneMy npn- 
jioaceHiiio He Hyama AonojiHiiTejibHaa naMHTb, AOcrynHan ajih 64-pa3pH/yu>ix npoueccoB, 
o6binHO ctoht Bbi6paTb hmchho 3tot peaaiM, noTOMy HTO Visual Studio He no/mepaciiBaeT 
(J)yHKH,iiio «H3MeHiiTb h npoAOJDKHTb» (Edit-and-Continue) jyi a npujiojKCHHH x64. 
KpoMe toto, 32-pa.3pM, , uu>ie npiuioaceram MoryT B3aii.MO/i,ciic'moiiaTb c 32-pa;spa, , uu>iMii 
6ii6jiHOTeKaMii DLL h KOMnoHeHTaMH COM, ecjni mom ilorpcdycT Barne npiuioacemie. 

B 3aBHCHMOCTH ot yKa3aHHOii uejieBOH njiaTcjiopMbi C# reHepupyeT 3arojiOBOK — 
PE32 hjih PE32+, a Taioice mcno'iaer b Hero TpcdycMyio npoueccopHyio apxHTeKTypy 
(hjih npii3HaK He3aBiiciiMOCTH ot apxHTeKTypbi). /fa a aHajni3a a.arojioiso'moii iiHtjiop- 
MaifHH, BCTaBjteHHoii KOMniijurropoM b ynpaBJineMbiii MOAyjib, Microsoft npcAOCTaBJiaeT 
ABe yTiijiHTbi — DumpBin.exe h CorFlags.exe. 



36 


QiaBa 1 . MoAe/ib BbinoriHeHMa KOfla b cpene CLR 


Ilpi-i 3anycKe iicnojmjieMoro (jiaiijia Windows aHajiH3HpyeT saraionoK EXE-cjjafuia 
AJifl onpe/iejieHiiH Toro, KaKoe hmchho a/tpccuoc npocTpaHCTBO Heo6xo/i,HMO /yia ero 
padoTbi — 32- hjih 64-pa3pnAHoe. Qaiiji c 3arojiOBKOM PE32 MoaceT BbinojiHHTbCH 
b a/ipecHOM npocTpaHCTBe jnodoro H3 yKa3aHHbix /psyx thiiois, a cjiaiijiy c 3arojiOBKOM 
PE32+ TpeSyeTCH Gd-paapii/pioe npocTpaHCTBO. Windows xaiGKe npoBepneT iiH(|)op- 
Manino o npon,eccopHoii apxHTeKType HacoBMecTHMOCTb c aaaamioii K'()ii())iirypaii,iici ; i. 
EiaKOHen,, 64-pa3pHAHbie Bepciin Windows no/mepacHBaiOT TexHOJionno BbinojiHeram 
32-pa3pnAHbix npiuioaceHiiii b 64-pa3pa,n,HOH cpe^e, KOTopan Ha3biBaeTcn WoW64 
(Windows on Windows64). 

Ta6jnin,a 1.2 n./i. ; iioc[piipycT /me BaacHbie Benin. Bo-nepBbix, b Heii noKa3aH nm 
nojiynaeMoro ynpaBJineMoro MOAyjin /yin pa 3 Hbix 3 HaneHiiH napaMeTpa /platform 
KOMaHAHOH CTpOKII KOM 11 II.XHTOpa C#. Bo-BTOpbIX, B HeH lipC/l,CTa ii. : l(‘m ) l peaCHMbl Bbl- 
iio.inemia iiprijio'/icemiii b paaji hhhmx nepciiax Windows. 


Ta6/uiL(a 1.2. Bni/mm/ie 3HaHeHi/ia /platform Ha nonynaeMbiM MOAynb 
n pexriM BbinonHeHMa 


3HaneHMe 
napaMeTpa/ 
platform 

Tun BbixoAHoro 
ynpaB/iqeMoro 

MOAy/in 

x86 Windows 

x64 Windows 

ARM Windows 

RT 

anycpu (no 
yMOJinamiio) 

PE32/He3a- 

BHCHMblH OT 
njiaTcJropMH 

BbinojiHfleTCfl 

KaK 32-pa3- 
pH^Hoe npnjio- 

}KeHHe 

BbinojiHHeTcn 

KaK 64-pa3pnA- 
Hoe npujiO/KeHiie 

BbinoJiHaeTCH 
KaK 32-pa3- 
pnjuioe npnjio- 

HceHne 

anycpu32bit- 

preferred 

PE32/He3a- 

BHCIIMblH OT 
njiaTcjjopMbi 

BbinojiHHeTCH 

KaK 32-pa3- 
pH^Hoe npnjio- 

}KeHHe 

BbinoJiHaeTCH 

KaK WoW64- 
npiuioxemie 

BbinOJIHHeTCH 

KaK 32-pa3- 
pnjuioe npnjio- 

HceHne 

x86 

PE32/x86 

BbinOJIHHeTCH 
KaK 32-pa3- 
p5m,Hoe ripHjio- 

}KeHHe 

BbinojiHHeTcn 

KaK WoW64- 
npujiO/KeHiie 

He BbinojiHH- 

eTCH 

x64 

PE32+/x64 

He BbinojiHH- 

eTCH 

BbinoJiHaeTCH 

KaK 64-pa3pnA- 
Hoe npujiO/KeHiie 

He BbinojiHH- 

eTCH 

ARM 

PE32+/Itanium 

He BbinojiHH- 

eTCH 

Ele BbinojiHHeTcn 

BbinOJIHHeTCH 
KaK 32-pa3- 
pnjuioe npnjio- 

HceHne 


Ilocjie aHajni 3 a aaro/mmca EX l£-<J)aii. : ia ,yni isi>iaciiemia Toro, KaKoii npon,ecc He- 
ooxoahmo 3 anycTHTb — 32- hjih Gl-paapa/nibiii, — Windows 3 arpyacaeT b a/ipeciioe 
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npocTpaHCTBO npou,ecca cooTBeTCTByiomyio Bepcnio 6 h6jihot6KH MSCorEE.dll (x86, 
x64 hjih ARM). B CHCTeMax Windows ccMciici ii x86 h ARM 32-pa3paAHan iscpaiM 
MSCorEE.dll xpamiTca b KaTajiore %SystemRoot%\System32. B cncTeMax x64 Bepcim x86 
6h6ahotckh HaxoflHTCH b KaTajiore %SystemRoot%\SysWow64, a 64-pa3pHAHaa Bepciia 
MSCorEE.dll pa3MemaeTcn b KaTajiore %SystemRoot%\System32 (ara c/rejiaHO 113 coo6- 
paaceHini oopauiori cobmccthmocth). /fajiee ochobhoii noTOK Bbi3biBaeT oiipcACJicimbiii 
b 6ii6jiiiOTeKe MSCorEE.dll mctoa, KOTopbiii iTHiniiiajni3irpycT CLR, 3arpyacaeT cdopKy 
EXE, a 3aTeM Bbi3biBaeT ee mctoa Main, b kotopom coAepatHTca TOHKa Bxo/ra. Ha 3 tom 
r 1 jir)rre/rvpa 3anycKa ynpaBJiaeMoro ii|)ii./io>Keiina cmracTCH aaBcpmemioii 1 . 

nPMMEHAHME 

CSopKn, co3AaHHbie npn noMomn Bepci/ii/i 7.0 n 7.1 xoMnwinTopa C# ot Microsoft, co- 
AepxaT 3aroaoBOK PE32 n He 3aBncaT ot apxi/nexTypbi npopeccopa. TeM He MeHee bo 
BpeMa Bbino/iHeHna cpeAa CLR cnnTaeT nx coBMednMbiMH TOJibKO c apxnTexTypon x86. 
3to noBbiinaeT BepoaTHOCTb MaxcnManbHO xoppexTHOii paOoTbi b 64-pa3pHAHon cpeAe, 
Tax xax ncno/iHaeivibiM cpaifa 3arpy>xaeTca b peacnivie WoW64, xoTopbiPi obecneinBaeT 
npopeccy cpeAy, MaxcnManbHO npn6nn>xeHHyK) x cyiAecTByiOLAen b 32-pa3paAHOti 
Bepcmi x86 Windows. 


Koraa HeynpaBAHeMoe npiuioaceHiie Bbi3biBaeT cjiymam 10 Win32 LoadLibrary ajih 
3arpy3Kii ynpaBjineMon c6opKH, Windows airiOMai HnecKii 3arpyacaeT n HHimiiajiii3ii- 
pyeT CLR (ccji n 3 to eme He CAC. iano) .yia odpadoTKii coAcpacamerocM b cdopKe KOAa. 
Hgho, [ ito b TaKoii CHTyaniiii npeAnoAaraeTca, 'no npon,ecc 3anymeH h padoTaeT, 11 sto 
coKpamaeT o6aacTb npiiMeHiiMOCTii cdopKii. B nacTHOCTii, ynpaBAneMan cdopKa, ckom- 
niiAiipoBaHHan c napaMeTpoM /platform: x86, He CMoateT 3arpy3HTbca b 64-pa3paAHOM 
nponecce, a 11cno.TiiMe.Yibm cjiaiui c TaraiM ate napaivreTpoM aarpyaincM b peaciiMe WoW 64 
Ha KOMnbiOTepe c 64-pa3pnAHoii Windows. 


1/lcnojiHeHne koas c6opKM 

KaK roBopimocb paHee, ynpaBaaeMbie moavji 11 coAepacaT MC'ra;i,a imi)ie h nporpaMMHbiii 
koa IL. 3to hc aamicMimiii ot npopeccopa MauraHHbiii h3hk, pa3pa6oTaHHbiii KOMnaHiieii 
Microsoft iioc.tc Koncy.Tbianiiii c neeKO.TbKHMH KOMMepnecKiiMii h aKaAeMiriecKHMii 
opraHH3au,HHMH, c 1 1enna. : in 311 py 101 1 m m 11 c m Ha pa3pa6oTKe h3mkob h KOMniuiHTopoB. 
IL — H3biK oo.tcc BbicoKoro ypomiH no cpaBHeHiiio c 6o.TbmimcTBO.Yt Apyrnx MainiiH- 
HblX H3bIK0B. Oh II03B0.TMCT padOTaTb C OO'bC KT'AM 11 II HMeeT KOMaHAbI JI..TM C03AAIIHH 


1 nporpaMMHbiii koa MoaceT 3anpociiTb nepeMeHHyio OKpyaceHiia Is64BitOperatingSystem aaa 
T oro, hto6h onpeAeAHTb, BbmoAHAeTCH ah AaHHaa nporpaMMa b 64-pa3paAHoii circreMe Windows, 
a Taxace 3anpociiTb nepeMeHHyio OKpyaceHita Is64BitProcess, hto6m onpeAeAHTb, BbinoAHaeTca 
ah AaHHaa nporpaMMa b 64-pa3paAHOM aApecHOM npocTpaHCTBe. 
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H HHHIJHajIH3HItHH o6beKTOB, BbI30Ba BPipTyaJIbHbIX MCTO/I.OI! H ll< , l[OCpC;iC'[ IH , miOI'0 

MaHHnyjmpoBaHHH ajie.vicina.vni macchbob. B HeM ;i,a>KC ecTb Ko.vian/ibi iTHiinnnpoBa- 
hiih h nepexBaTa mckjiiohchmm /pra o6pa6oTKH oihii6ok. IL moacho paccMaTpiiBaTb KaK 
06 beKTH 0 - 0 pHeHTHp 0 BaHHbIH MaUIHHHblH H3bIK. 

06mhho paapaooT'tHKii nporpaMMHpyiOT Ha BbicoicoypoBHeBbix aabiicax, TaKi-ix KaK 
C#, Visual Basic hjih F#. KoMiiiijiaxopbi sthx h3mkob reHepupyiOT IL-koa,. Oaiiako 
T aKoii koa MO/Kcr 6biTb HanucaH h Ha asm ice acce\i6;iepa, TaK, Microsoft npeAOGTaBjraeT 
acceM6jiep IL (ILAsm.exe), a raicxcc /uiaacce.YioJiep IL (ILDasm.exe). 

ILvicii ic b ii h/lv, tio jho6oh h3hk BbicoKoro ypoisna, cKopee Bcero, ncnojib3yeT juirnb 
uacTbB03M0ACH0CTeii, iipcxocraii./iMCMbix CLR. IIpn oto.vi assbiic aax.vifxiepa IL OTKpbiBaeT 
AOCTyn KO BCCM B03M0ACH0CTHM CLR. ECJIII Bbl6paHHblil BaMH H3bIK IIJXli paMMI 1 |) 0 bai 1 113 
He aaeT Aociyna hmchho k TeM cjiyHKiuiHM CLR, KOTopwe Heo6xo/uiMbi, moacho HararcaTb 
aacTb nporpaMMHoro Ko/ia Ha acceM6jiepe IL hjiii Ha ApyroM aaiiiice nporpaMMiipoBamiH, 
no3BOJiHiomeM hx aaxcHCTisoisaTb. 

Y 3 HaTb O B 03 M 0 ACH 0 CTHX CLR, XOCI VI [ H Fjl X npil HCn 0 JIb 30 BaHHH KOHKpeTHOrO H 3 bl- 
Ka, moacho TOJibKO npH nay'ieimii cooTBeTCTByiomeH xoicyMemaniii-i. B stoii KHiire 
cxc./iaii aKu,eHT Ha bo3moachocthx cpeAbi CLR h Ha tom, KaKiie 113 sthx bo3moachoctch 
AOCTynHbi npn nporpaMMiipoBaHiiii Ha C#. noA 03 peBaio, hto b Apyrux KHiirax h CTaTbax 
cpexa CLR paccMaTpiiBaeTCH c toxic 113 peHira ;ipynix h3hkob h pa 3 pa 6 oTUHKii no.TyxaiOT 
iipexcTaii./iemie Jiiirnb o Tex ee (jiymciin ax, KOTopbie xocTymibi npn ncnojib 30 BaHHH onu- 
CaHHblX TaM H 3 bIKOB. BlipOHCM, eCJIH Bbl 6 paHHbIH 33111 K pCIliaCT nOCTaBJieHHbie 3 a/Ul'H 1 , 
TaKoii noAxoA He TaK yAC njiox. 

BHMMAHME 

R AyMaio, hto B03M0>KH0CTb jierKO nepexmoHaTbCH MexAy H3biKaMn npn nx TecHoia mh- 
Terpaunn — nyAecHoe KanecTBO CLR. K coxaaeHnio, a Taioxe npaxTuxecKn yBepeH, hto 
pa3pa6oTHm<n nacTO 6yAyT npoxoAHTb mmmo Hee. Taici/ie H3biKn, iok C# n Visual Basic, 
npexpacHO noAxoAHTAxs nporpaMMupoBaHua BBOAa-BbiBOAa. R3biK APL (A Programming 
Language) — 3aMeHaTe/ibHbin n3biK abh HHxeHepHbix n <t>MHaHCOBbix pacneTOB. CpeAa 
CLR no3BO/ineT HanncaTb Ha C# nacTb npnaoxeHun, OTBenaiOLAyio 3a bboa-bbiboa, 
a MHxeHepHbie pacne™ — Ha n3biKe APL. CpeAa CLR npeAJiaraeT QecnpeueAeHTHbin 
ypoBeHb HHTerpapHn 3tmx n3biK0B, m bo MHornx npoeKTax ctomt cepbe3H0 3aAyMaTbcn 
06 ncno/ib30BaHmi OAHOBpeMeHHO HecKO/ibKi/ix H3biK0B. 


/I,jih is iii i io. i i ion ii a KaKoro-jni6o .vieroxa ero IL-koa aojiacch 6biTb npeo6pa30BaH b 
M amiiHHbie icoMan/Uii. 3 thm 3aHHMaeTCH JIT-KOMnHjiHTop Qust-In-Time) cpexbi CLR. 

Ha puc. 1.4 noKa 3 aHO, hto npoiicxo/urr npn nepBOM Bbi 30 Be viCTOxa. 

I [eiiocpe/tCTiseiiiio iiepex 11 c 110 . 111 c 11 ne.v 1 viCTOxa Main cpcxa CLR naxo/u-rr Bee Timbi 
AaHHbix, Ha KOTopbie ccbuiaeTca nporpaMMHbiii koa viCTOxa Main, npn stom CLR bh- 
ACjiiict BHyTpeHHiie CTpyKTypbi xamibix, iicnojib3yeMbie a-'ui ynpaBAemm AOCTynoM 
k THnaM, Ha KOTopbie ecTb ccbuiKH. Ha puc. 1.4 mctoa Main cciii./iacTca Ha cxhiictiscii- 
Hbiii THn — Console, h cpcxa CLR isiii/i,c.. : iacT cyuiiic'mciiiiyio BHyTpeHHioio CTpyKTypy. 
3Ta isiiyTpciuiaa CTpyKTypa xanniiix coaepACHT no o/uioii 3aniiCH /paa ica>K;i,oi'0 MCTO/[.a, 
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oiipc/ttvicmioi'o b Time Console. Kaacaan 3anncb co/i,epacHT a/i,pcc, no KOTopoMy Moac- 
ho HanTH pcajiiiaaiinio mcto/pi. Ilpn HHHpHajiH3apHH 3toh CTpyKTypbi CLR 3aHOCHT 
b Kaacayio 3anncb aapec BHyTpeHHeii 11 e; 1,0 icy m e f m 1 po f s a m 1 o ii ())y n k r 1 1111 , co/tepacameiicH 
b caMon cpepe CLR. II o6o3iia'iaio 3Ty (jivmani 10 DITCompiler. 



Pnc. 1.4. nepBbm Bbi30B Meiofla 

Koraa MeTOA Main nepBbifi pa3 o6pam,aeTCH k MeTO/iy WrlteLine, Bbi3biBaeTca 
(jtyHKijHH DITCompiler. OHa omcnaci 3 a komiih./imuhio IL-ico,a,a Bbi3biBaeMoro Mcro/ia 
b co6cTBeHHbie K'OMaii/i,i)i npon,eccopa. IIocKOJibKy IL-koa KOMmumpyeTcn neiiocpc/i,- 
CTBeHHO 1 icpe/i, BbinojmeHHeM («just in time»), stot KOMnoHeHT CLR nacTO Ha3biBaioT 
JIT-KOMnujiamopoM. 

nPMMEHAHME 

Ecan npnaoxeHne ncnoaHaeTca b x86 Bepcnn Windows nan b pexnine WoW64, JIT- 
KOMnnaaTop reHepnpyei KOMaHAbi p/ia apxnieKTypbi x86. flaa npnaoxeHnn, BbinoaHseMbix 
xax 64-pa3paflHbie b Bepcnn x64 Windows, JIT-KOMnnamop reHepnpyeT KOMaHAbi x64. 
HaKOHeu,, ecan npnaoxeHne BbinoaHaeTca b ARM-Bepcnn Windows, JIT-KOMnnasTop 
reHepnpyei HHCTpyKpnn ARM. 
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OyHKHWH DITCOmpilen H3BeCT6H BbI3bIBaeMbIli MCTO/I, H THn, B KOTOpOM OH oiipc;i,c- 
jich. DITCompiler inner b Meraaamibix coot bctctbvfoi non c6opKii IL-koaB bi3biBaeMoro 
MeTOAa. 3aTeM JITCompiler npoBepaeT h KOMroumpyeT IL-koa b MamiiHHbie KOMaH- 
Abl, KOTOpbie COXpaHJHOTCH B AHHaMHHeCKH BbmejieHHOM 6jIOKe naMHTH. IloCJie 3TOTO 
DITCompiler B03BpamaeTCH k CTpyKType BHyTpeHHiix /pin max THna, C03/i,aHH0H cpe/ioft 
CLR, h 3aMeHaeT a/i,pec Bbi3biBaeMoro mcto/pi ayi.peco.vi 6jioica naMHTH, co/tcpacaiucro 
roTOBbieManiHHHbie KO.waiiAbi. B 3aBepmeHHe DITCompiler iiepe/iaeTyiipais./iemte Ko/yy 
b 3tom 6jiokc naMHTH. 3 tot nporpaMMHbiii ko/i HBJineTCH peayiH3an;HeH MeTO/i,a WriteLine 
(BapnaHT 3Toro MeTO/ja c napaMeTpoM String). H 3 stoto MeToyia yiipaii./ieime B03Bpa- 
macTca b mcto/i, Main, KOTopbiii npo/i,ojiacaeT BbinojiHemie b oSmhhom nopHypce. 

PaccMOTpHM noBTopHoe o6pamemie MCTO/ia Main k Mera/iy WriteLine. K 3TOMy 
MOMeHTy ico/i, Mei'0/i.a WriteLine y>icc npoBepen h cKOMnujmpoBaH, TaK 'no o6pameHne 
k 6.10KV naMHTH npon3BO/i,HTCH HanpHMyio, 6e3 Bbi30Ba DITCompiler. OTpa6oTaB, mcto/i; 
WriteLine B03BpamaeT yiipaii./iemie mcto/iv Main. Ha puc. 1.5 noKa3aHO, KaK mar.iM/piT 
CHTyau,HH npn noBTopHOM o6pameHiiii k MCToay WriteLine. 



Puc. 1.5. flOBTOpHbm Bbl30B MeTOfla 
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Cl PIP/ICC HIPC npOII3BO/I,HTejIbHOCTH I [;i6. : llO/taCTCM TOAbKO npn nepBOM BbI30Be MCTO/PA. 
Bee nocjieayiomiie odpamemiH bmhoahhiotch <<Ha MaKCHMaubHofi ckopocth», noTOMy 
hto noBTopHaa uc])ii <)) h Kami a h komhhahuhh He npori3BOAHTCH. 

JIT-KOMnHJIHTOp XpaHHT MaiHIIHHbie KOMaHAbl B flHHaMHHeCKOH naMHTH. 3tO 3Ha- 
hht, hto CKOMraiJinpoBaHHbiH koa ymruToacaeTCH no 3aBepmeHiin pa6oTbi npiiAOHcemiH. 
/(ah noBTopHoro Bbi30Ba npHjioaceHHH hjih aah napajuiejibHoro 3anycKa ero BToporo 
3K3eMnjiapa (b ApyroM npouecce oneparuiOHHoii cucTeMbi) JIT-KOMmiAHTopy npimeTCH 
3aHOBO CKOMnilJIIipOBaTb IL-KOA B MamilHHbie KOMaHAbl. B 3aBIICHMOCTH OT npiIJIOACeHIIH 
3TO MO>KCT npHBeCTH K CyiU,eCTBeHHOMy nOBblHieHIIIO 3aTpaT naMHTH no CpABHeHIIIO 
C HII3KOypOBHeBbIMH lipi1. ; IO/KCHI1CM, y KOTOpbIX 113X0/1,3 mu ilCH B naMHTH koa AOCTyneH 
TOAbKO AAH 'neilllM H COBMeCTHO IICnOAb3yeTCH BCeMH 3K3eMnAHpaMH II|)I1, : I0>K(TII1M. 

/],AH 6)0,11.lllllllCTlia npHAO/KCIIITH CHHACCTTHC npOH3BOAHTeAbHOCTH, CBH3aHH0e C pa- 
6otoh JIT-KOMraiAHTopa, neaiia'iiiTC.ip.iio. Bo ii.iiiiiiici bo npuAoaccHHH pa3 3a pa30M 
odpamaeTCH k oahhm h tcm ace MeTOAaM. Ha iipoiiaHOAincjip.iiocTii sto CKa3biBaeTCH 
TOAbKO OAIIH pa3 BO BpeMH BbinOAHeHIIH II|)I1. ; I0/I((T[I1M. K TOMy /ICC BbinOAHeHIie CaMOTO 
MeTOAa oop.i'iiio aaiiu.YtacT 6oAbme BpeMemi, mcm oopamemie k HeMy. 

TaKace CAeAyeT yuecTb, uto JIT-KOMmuiHTop cpeAbi CLR onTHMH3npyeT MamnHHbin 
koa aHaAoniniio KOMmiAHTopy HeynpaBAaeMoro KOAa C++. H onaTb ace: C03AaHne 
onTHMH3npoBaHHoro KOAa 3aHHMaeT 6oAbme BpeMemi, ho npn BbinoAHeHini oh ropa3AO 
npOII3BOAHTeAbHee, 'PCM HeOnTHMH3HpOBaHHblii. 

EcTb ABa napaMeTpa KOMmiAHTopa C#, BAiiaiomiix Ha onTiiMH3an,iiio koas, — 
/optimize h /debug. B CAeAyiomeii Ta6Aiin,e noKa3aHO hx BAiiHHiie Ha KauecTBO 
IL-KOAa, co3AaHHoro KOMniiAHTopoM C#, h MamiiHHoro KOAa, creHepupoBamioro JIT- 

KOMnHAHTOpOM. 


napaMeTpbi KOMnn/iHTopa 

KanecTBO IL-KOfla 
KOMnn/mTopa 

KanecTBO MauiMHHoro 
JIT-KOfla 

/optimize- /debug- 

(no yMOAiaHHio) 

He0nTIIMH3Iip0BaHHHII 

OnTIIMII3HpOBaHHbIH 

/optimize-/debug(+/full/ 
pdbonly) 

HeonTiiMii3iipoBaHHbiii 

He0nTHMII3Iip0BaHHbIII 

/optimizer/debug(-/+/full/ 
pbdonly) 

OnTIIMH3HpOBaHHblii 

0nTIIMH3Hp0BaHHbIH 


C napaMCTpoM /optimize - KOMmiAHTop C# reHepiipyeT HeonTHMH3HpoBaHHbni IL- 
koa, coAepacammi mhoaccctbo nycTbix komaha (no-operation, NOP). 3th KOMaHAbi npeA- 
Ha3HaaeHbi aah noAAepacKH cjryHKniiii «H3MemiTb h npoAOAaciiTb» (edit-and-continue) 
b Visual Studio bo BpeMH npouecca otahakh. Ohii TaKace ynpomaiOT npon,ecc OTAaAKH, 
no3BOAaa paccTaBAHTb TO'iicu ocTaHOBa (breakpoints) Ha ynpaBAHiomux KOMaHAax, 
TaKHx KaK for, while, do, if, else, a TaKace 6aoKax try, catch h finally. Bo BpeMH 
OnTIIMH3aUHH IL-KOAa KOMmiAHTop C# yAaAHCT 3TH nOCTOpOHHIie KOMaHAbl, yCAOaCHHH 
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npou,ecc OTjiaAKH KOAa, ho 3aTO onTHMH3iipya noTOK ynpaBAemia nporpaMMofi. KpoMe 
Toro, B03M0ACH0, HeKOTOpbie OUeHOUHbie cjjyHKUIIH HC BbinOAHHIOTCH BO BpCMH OTAaAKH. 
OflHaKO IL-koa MCHbme no pa3MepaM, h 3to yMCHbinaeT pe3yAbmpyiomHH pa3Mep EXE- 
hjih DLL-cj^afuiOB; KpoMe Toro, IL-koa jieme uina'ib TeM, kto ooo'/icacx HCGAeAOBaTb 
IL-koa, nbiTaacb noHHTb, hto hmchho nopoAHA komhhahtop (HanpriMep, MHe). 

KpoMe Toro, komhhahtop ctpoht (J)aHji PDB (Program Database) TOJibKO npn 
3aaaHiiH napaMeTpa /debug(+/full/pdbonly). Oairji PDB noMoraeT OTjiaflHiiKy 
HaXOAHTb JIOKaJIbHbie nepeMeHHbie H CBH3bIBaTb KOMaHAbi IE C HCXOAHbIM KOAOM. 
IlapaMeTp /debug: full coobmaeTJIT-KOMmiAHTopy o tom, uto bm HaMepeHbi 3aHHTbca 
OTAaAKOH cbopKIi; JIT-KOMnHAHTOp COXpAIIHCT 111 [())0]).\tai[, 111 () 0 TOM, KaKOH MamilH- 
Hbiii koa 6biA creHepupoBaH ahh KaacAOH KOMaHAbi IL. 3to iiosboahct ncnojib30BaTb 
cjiyHKuiiio JIT-otaaakh Visual Studio ajih ciiH3biisaiiiiH OTAAAHHKa c yace paboTaiomriM 
npoueccoM h ynpomeHiia otauakh koaa. Be3 napaMeTpa / debug :full komhhahtop no 
yMOAuamuo He coxpaHaeT HHcjiopMaruno o cootbctctbiih MeacAy IL n MamiiHHbiM koaom; 
3to iiecKo. ibKo ycKopaeT KOMim.iamno n coKpamaeT 3aTpaTbi naMHTH. Ecah 3anycTHTb 
npon,ecc b OTAaAUHKe Visual Studio, to JIT-komhiiahtop 6yAeT OTcaeacnBaTb iiHcjiop- 
Man,mo o cooTBeTCTBiin IL n MamiiHHoro KOAa (He3aBiiciiMO ot coctohhhh napaMeTpa / 
debug), ecan TOAbKO bh He cmmeTe (|)AaacoK Suppress JIT Optimization On Module Load 
(Managed Only) b Visual Studio. 

ripn co3AaHiin HOBoro npoeKTa C# b Visual Studio b otahaouhoh KOHcJiHrypaitHH 
npoeKTa ycTaHaBAHBaiOTCH napaMeTpbi /optimize n /debug:full, a b KOH4)nrypan,HH 
Bbinycna - napaMeTpbi /optimize+ n/debugrpdbonly. 

PaapaooT'HiKOH c onbiTOM nanHcaiiiiH HeynpaBAaeMoro KOAa C iiaii C++ obbiaHO 
becnoKOHT, Kan Bee 3to CKa3biBaeTca Ha Obicipo/ieiicTiuin. BeAb ueynpaiiAncMbiii koa 
KOMmiAiipyeTCH Ana KOHKpeTHoro npoueccopa h npn BM30Be MoaceT npocTO bu- 
noAHHTbCH. B ynpaBAaeMOiT cpeAe komiiii.imuii a koaa coctoht H3 Anyx ()ia.3. Cna'iajia 
KOMmiAHTOp npOXOAHT nO HCXOAHOMy KOAy, BbinOAHHH MaKCIIMaAbHO B03M0aCHyi0 
paooi'y no reHepiipoBaHino IL-KOAa. EIo aah BbmoAeHHHH koaa cam IL-koa AOAaceH 
6biTb OTKOMmiAiipoBaH b MamiiHHbie KOMaHAbi bo ispe.viM BbinoAHeHim, no ipebycT 
BbiAeAeHiiH AonoAHiiTeAbHOii iia.vuiTii, KOTopaa He MoaceT HcnoAb30BaTbca cobmcctho, 
h AonoAHHTeAbHbix 3aTpaT npou,eccopHoro BpeMemi. 

H h caM nprimeA k CLR c onbiTOM nporpaMMupoBaHiia Ha C/C++ h mciim criAbHO 
becnoKOHAii AonoAHiiTeAbHbie 3aTpaTbi. /lci ; ic'[ iurrc.;ibiio, BTopaa CTa/uui kom n iiaahhh, 
npoiicxoAHmaa bo bpcmh BbinoAHemia, 3aMeAAaeT BbinoAHeHiie h TpebyeT BbiAeAeraia 
AHHaMHuecKoiT naMaTH. O/uiaiai KOMnaHiia Microsoft ocnoBaTeAbHO noTpyAHAacb HaA 
OnTHMH3AU,HeH, UTObbI CBCCTH 3TH AOnOAHHTeAbHbie 3aTpaTbI K MHHHMyMy. 

Ecah Bbi Toace ckciitiimcckti omocHTecb k /uiyxdiaanoii komuhahuhh, oba3aTeAbHO 
nonpobyifre nocTpoiiTb npiiAoaceHiia h H3MepbTe hx bbiCTpoAefiCTBiie. 3aTeM npoAeAairTe 
to ace caMoe c KaKiiMii-HiibyAb HeTpriBiiaAbHbiMH ynpaBAHCMbiMH npiiAoaceHiiaMH, C03- 
AaHHbiMii Microsoft hah ApyrriMH KOMnamiaMH. Bac yAHBHT, HacKOAbKO 3<}x})e kthbho 
OHII BbinOAHaiOTCa. 

TpyAHO noBepiiTb, ho MHorne cneuiiaAiiCTbi (BKAioaaa mchh) caHTaiOT, hto ynpaBAae- 
Mbie npiiAoaceHiia cnocobHbi Aaace npeB30HTii no npoii3BOAHTeAbHOCTii HeynpaBAaeMbie 
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npiuioacemiH. 3 to oObaenacTca mhooimii iipimiiiia.Mii. I [aiipii.vicp, b tot momciit, lairaa 
JIT-KOMnHjiHTop KOMniiJiiipyeT IL-koa b ManiHHHbiii koa bo iipe.Ma iibiiio.iiiemia, oh 
3HaeT o cpcac iibiiio.iiiemia 60.11,me, mcm MoaceT 3HaTb HeynpaBjiaeMbni KOMnunuTop. 
IlepeHHCJiiiM HeKOTopbie bo 3 mo 5 khoctii noBbimeHiiH npoii3BOAHTenbHOCTii ynpaBJiacMoro 
KOAa no cpaBHeHiiK) c iieyiipairiae.Mbi.M: 

□ JIT-KOMraijwTop mo>kct onpeAeniiTb, tio npunoaceHiie m,mo. : macTea Hanpoueccope 
Intel Pentium 4, h creHepupoBaTb MamiiHHbiii koa co ciieiuiacibiibi.Mii 1coMa1iAa.Mi1, 
noAAepaciiBaeMbiMH Pentium 4. OSmuho HeynpaBjiaeMbie npunoaceHiiH KOMniiniipy- 
lOTCH C CaMbIM OOI IU1.M Ha6opOM KO.Viail/l, H He HCnOJIb3yiOT CllCUlia.IbllblC KOMaHAbI, 
cnoco6Hbie noBbiCHTb ;:)())())CKTiii!i[OCTb iipii.io/iccmia. 

□ JIT-KOMmiAHTOp MO/ICCT OlipCACCIHTb, HTO HeKOTOpOe yCAOBHe Ha TOM KOMnblOTepe, 
Ha KOTOpOM OH BbinOJIHHeTCH, BCCTAa OlCa.'Sbl ISaCTCa AOACHblM. /lOliyCI'HM, MeTOA CO- 
AepacHT cneAyromuH 4>parMeHT: 

if (numberOfCPUs > 1) { 

} 

local 11 KOMnbiOTep ocnameH Bcero oahiim npoueccopoM, to JIT-komhhahtop He 
6yAeT reHepupoBaTb MainiiHHbie KOMaHAbi aah yKa3aHHoro (jipar.MCina. B otom cciy- 
uae MamiiHHbiii koa onTHMH3iipyeTcn aah KOHKpeTHoii MamiiHbi, a cneAOBaTenbHO, 
3aHiiMaeT MeHbme MecTa h 6biCTpee ma 1 io. i 1 1 mctcci . 

□ CLR MO/KCT npocjniAiipoBaTb isi,r 11o. r11s-ie.viy 10 nporpaMMy h iicpcicoMiiii.iii|)oiiaTb IL 
b MamiiHHbiii koa b npouecce isbino.iiiemia. IlepeKOMniiJiiipoBaHHbiii koa peopraHii- 
3 vctoi A- : 1 a coicpaiuemia omnooaiiom iiponioaupoisamia nepexoAOB Ha ocHOBaHim 
1 iaocilOAacM p,ix 3aKOHOMepHOCTeii m,mo.memia. TeKymne Bepcmi CLR TaKyio bo 3- 
MoacHOCTb He noAAepaciiBaioT, ho bo 3 moacho, OHa noaBiiTca b 6 yAymHx Bepcunx. 
3 to numb HeKOTopbie H3 npiiuiiH, no kotopbim b 6 yAym,eM ynpaBcineMbiii koa 

mo/Kct npeB3oiiTH no ii|)oii 3 iio/i,htc. : ii,iiocth iieyiipaii. iacMbiii koa. KaK a yace CKaaaci, 
b 60.11,111 n 1 iCTiie 11 ])ii./io>kci 111 ii /lOcmraeTca mio. iiie neiicioxaa 11 ])0n;ii5o/i,ii'icc : i 1,1 ioci i, h b 
6yAymeM ctoht oacHAaTb ee ynymneHira. 

local 11 Bamii aiccnepiiMem bi noKa3biBaiOT, tio JIT-KOMminHTop He oocciie'iiibacT 
BameMy ii|)ii./io>icciin 10 Heo6xoAHMoro ypomia 11 |>o 11.3iio/Lii reai i>iiociti, bo 3 moacho, BaM 
ctoht BOcnojib30BaTbCji yTHAHToii NGen.exe H3 naKeTa .NET Framework SDK. 3Ta 
yTHAHTa icom 11 naiupyer Becb IL-koa c6opKii b MamiiHHbiii koa h coxpauacT ero b (jiaiicie 
Ha Aucice. B momciit bbiiiocincima npii3arpy3Kec6opKii CLR airro.MaTimecicTi npoBepaeT, 
cymecTByeT ah 3apaHee ot icomii 11.1 n|)0nai 11 iciai bcpcna c6opKii, h ecnn cymecTByeT — 3 a- 
rpyacaeT ee, TaK tio ico.Miiu.iauiia bo iipcMa iibiiio.iiiemia yace He TpcSycrca. y'lnrre, 
tio NGen.exe npnxoAUTca octopoacho CTpoiiTb ii|:)CAiio.TO>iceiina OTHOCHTeAbHO (jiaic- 
TH'iecicoii cpeAbi libmo.meiina, iiootomy koa, reHepupyeMbiii NGen.exe, 6yAeT MeHee 
OnTHMH3IipOBaHHbIM, 'ICM KOA JIT-KOMmiAHTOpa. 

Tuoicc npn aHaAH3e npoii3BOAHTenbHOCTii mo/icct npuroAHTbcn KAacc System. 
Runtime.ProfileOptimization. Oh 3acTaBnaeT CLR coxpaHHTb (b cjiaiine) iiHtjiop- 
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MaUHTO O TOM, KHKHe MCTO/PP.I 11 pOXO/PHT J I T- KOM1111.1 H 11111() BO lipCMM ISI.IIIO.IIICmiH npil- 
jioaceHim. Ecjih MainiiHa, Ha KOTopofi pa6oTaeT npiinoaceHiie, ocHameHa HecKOJibKimii 
npoipeccopaMH, npii oy/pymiix 3anycKax npiuioaceHim JIT-KOMraijiHTop napajuieabHO 
KOMnHjinpyeT 3 th MCTO/ibi b Apynix nporpaMMHbix noTOKax. B pc.ay. i i>'iaTC npiijio- 
acenne pa6oTaeT 6biCTpee, noTOMy 'no HecicojibKO mcto/pois KOMmuiiipyiOTCH napaji- 
JiejIbHO, lipil'ICM 3TO Iiponcxo/IHT BO IspC.MH HHHpHajIHSapHH lipil./IO/KClIIIH (BMeCTO 
J rr~KOMn H JP >T P P H H ). 

IL-koa m Bepnc(>m<auMfl 

IL HBJiaeTCa CTeKOBbIM H3MKOM; 3TO 03HanaeT, HTO BCC CTO HHCTpyKipHH 3aHOCHT OnepaH/pbl 
B HCnOJIHHTejIbHblH CT6K H H3BJieKaK)T pe3yjIbTaTbI I-I3 CTCKa. IL He COflepaCHT HHCTpyKUHH 
/pan pa6oTbi c peniCTpaMH, h sto ynponpaeT coa/paiine hobhxh3hkob ii komiiii. : ihto|)Oh, 
ixm K‘])ii])yK)mux ko/p /pan CLR. 

HHCTpyKH,iiii IL 'I'aiOKC hbjihiotch HeTHnii30BaHHbiMii. Hanpimep, b IL hmcctch 
HHCT pyKipHH £,aH CXIOVKC1TITXI /piiyx nOCAC/PHHX OIICpail/lOB, 3aHeCeHHbIX B CTeK. y IIH- 
CTpyKHHH cjioaceHiiH HeT /pnyx paa/peai.iii.ix Bepcnii (32-pa3pn/pHoii h GI-paspM/inoii). 
IIpiI BbinOJIHeHIIII HIICTpVK'HIl H C.TOHCCI IIIH 011 ])e/[,e. : l M C'l' THnbI OllCpail.'POb, XpailMlllllXCM 
b CTeice, h 151)11 ro. i 11 aic i cooTiiCTCTiiviomyio onepaipino. 

O/piiaia), Ha moh homm/p, caMoe 6o. ii.moe npeHMymecTBO IL-ico/pa coctoht /paace He 
b tom, hto oh adcTpanipyeT paopaooT'iiiKa ot KOHKpeTHoro npoipeccopa. IL-ko/p odecne- 
HiiBaeT 6e3onacHOCTb ii|)ii. : io>iceima h ero yc'ioii'niaocTb nepe/p 0Hm6KaMH. B npoipecce 
KOMniijiHuiiii ILb MamiiHHbie HHCTpyKUHH CLR libiiKvmacTCM npoipe/pypa, iiaabibacMaM 
eepiKpuKOUjUeu — ai taa 11.3 BbicoKoypoBHeBoro KO/pa IL h npoBepKa 6e3onacHOCTH Bcex 
onepaipnii. Hanpimep, isc])n<)»nKaipim ydeaypaeTca b tom, tio Ka/iypi.iii mcto/p Bbi3bi- 
BaeTcn c npaBiiJibHbiM KOJiiraecTBOM napaMeTpoB, tio hoc nepe/paBaeMbie napaMeTpbi 
hmciot npaBiuibHbifi THn, 'no B03BpanpaeMoeaiia'teiiiic Kaayporo .vicio/paHcnoab3yeTca 
npaBHJibHO, hto icaaypbiH MeTOAco/pepaciiT iiHCTpyicipiiio return h t. /p. Bch iiHijiopMaipiiH 
o .viero/pax h THnax, iiciio.ip.aycMaa b npoipecce BepHiJiHKaipHH, xpaii pitch b .viCTPi/paiiiibix 
ynpaBJiHCMoro MO/pyan. 

B cucTeMe Windows Kaac/pbiii npoipecc odaaypaeT codcTBeHHbm BiipTyaabHbiM ayppec- 
hhm npocTpaHCTBOM. Heo6xo/piiMOCTb pa3/peaeHiiH a/ppecHbix npocTpaHCTB o6bHCHaeTca 
TeM, 'no ko/p npiiaoaceHira b npiiHipiine iieiia/peaceii. H iimto He MernaeT npiiaoaceHiiio 
BbinoaHiiTb onepaipino 'i reiina 11 . 111 3anncH no 11 o/P <) 1 1 y ct 11 m o,viy a/ppecy iiaMHTH (h k co- 
acaaemno, sto nacTO npoiicxo/piiT Ha npaicniKe). Pa3MeiipeHiie npoipeccoB Windows b ii30- 
anpoBaHHbix a/ppecHbix npocTpaHCTBax oocciicniiiacT 3ammipeHH0CTb H craoii.ii.iiocTb 
CHCTeMbi; o/piiH npoipecc He MoaceT noBpe/pHTb /ppyiOMy npoipeccy. 

O/pna ko iicpii()) 11 Kaipna ynpaBaaeMoro Ko/pa rapaHTiipyeT, 'no ko/p He 6y;pe'i’ He- 
KoppeKTHO odpaiipaTbca k naMHTH h He CMoaceT noBpe/pHTb BbinoaHeHiiio Ko/pa /ppyroro 
iipii.TO/KCiiiia. 3 to oaiia'iac'i', 'no bh MoaceTe 3anycTHTb iiccko.ii.ko yiipab.aacMP.ix npn- 
jioaceHiiH b oflHOM BiipTyajibHOM a/ppecHOM npocTpaHCTBe Windows. 

TaK Kan npoipeccbi Windows TpedyiOT aiia'iiiTC.n.iii.ix 3aTpaT pecypcoB onepaipnoH- 
HOH CHCTeMbi, H36bITOK HX B CHCTeMe CHIiaCaeT P I ])()P13F50/Pli rc.'ll>l 10CT P) II Oi pailll'IllliaCT 
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AOCTyriHbie pecypcbi. CoKpamemie KO./iiriecTisa npon,eccoB 3a cict 3anycKaHecKOAbKnx 
ii|)ii.iO/KCimii b oahom npon,ecce oiiepan,iioiinoii CHCTeMbi y. : iynnacT ii|:)0ii3B0/i,nTC.;ib- 
HOCTb, CHiiacaeT 3aTpaTbi pecypcoB h oocciicmnacT TaKofi ace ypoBeHb 3amiiTbi, KaK 
ecjra 6 bi KaacAoe npiiAoaceHiie pacno./iara./io co 6 cTBeHHbiM npon,eccoM. 3 to eme oaho 
npeHMymecTBO yiipaii. ; iMC.\ioi'o koaa no cpaBHemno c i[eyiipaii;iac.\ibiM. 

HTaK, CLR npeAOCTaBAHeT B03M0ACH0CTb m.mo.memia HecKOAbKnx yiipais.iaeMpax 
npHAoaccnnn b oahom npon,ecce onepan,HOHHOii chctcmbi. KaacAoe ynpaBAHCMoe npn- 
jioaceraie BbinojiHaeTcn b AOMeHe npHjioacemiH (AppDomain). Ilo yMOAnaraiio KascAMH 
ynpaBAHeMbifi EXE-fyaiiA pa6oTaeT b OTACAbHOM AApecHOM npocTpaHCTBe, cocTonmeM 
H3 OAHoro AOMeHa. TeM He MeHee nponecc, oocciie'iiiiiaioimiii pa3MemeHiie (xocTimr) 
CLR — HanpnMep, IIS (Internet Information Services) hah Microsoft SQL Server, — 
mo/Kct 3anycTHTb HecKOAbKO AOMeHOB npHAoaceHHH b oahom npon,ecce onepan,HOHHOH 
CHCTeMbi. 06cy>KACiinio AOMeHOB npHAoaceHHH iiocisaiuena OAHa H3 nacTeii rAaBbi 22. 

He6e3onacHbm koa 

Ilo yMOAnaHino kommiahtop C# KOMnamiii Microsoft reHepupyeT 6e3onacHbiii koa. 
noA 3 thm TepMHHOM iiomi.viaeTcri koa, 6e3onacHOCTb KOToporo noATBepacAaeTcn b npo- 
n,ecce Bepnc^HKaitHH. Tcm He MeHee KOMmiAHTop Microsoft C# raioicc no3BOAJieT pa3- 
paoo'i 'iii ica.vi micara He6e3onacHbiii koa, cnoco6Hbiii iiaiipaMyio pa6oTaTb c aApecaMH 
naMHTii h MaminyAiipoBaTb c 6aiiTaMH no otiim aApecaM. KaK npaBHAO, 3 th npe3BbinaHH0 
MomHbie cpeACTBa npriMeHmoTCH aah B3aHM0AeficTBHH c HeynpaBAneMbiM koaom hah 

AAH OnTHMH3an,HH aATOpHTMOB, KpHTHHHbIX nO BpeMeHII. 

OAHaKO HcnoAb30BaHire He6e3onacHoro KOAa C03AaeT 3HanHTeAbHbiH pucK: He6e3onac- 
Hblii KOA MO>KCT nOBpeAHTb CTpyKTypbl AaHHbIX H IICn0Ab30BaTb (hah Aa>KC C03AaBaTb) 
yH3BIIM0CTH B CHCTeMC 6e30naCH0CTH. no 3T0ii npH'IHIIC KOMmiAHTop C# TpeSyeT, HTo6bI 
bcc MeTOAbi, coAcp'/icamne He6e3onacHbni koa, noMcnaAiicb k. iiomchi.im caobom unsafe, 
a npn KOMnnAAHHH hcxoahoto KOAa HcnoAb30BaACH napaMeTp KOMnriAHTopa /unsafe. 

KorAa JIT-KOMnriAHTop ii bnaeroi OTKOMmiAiipoBaTb He6e3onacHbiri mctoa, oh 
cnanajia ySoiCAaerca b tom, tio c6opKe, coAepacamen mctoa, 6biAii npeAOCTaBAeHbi 
pa3pemeHim System.Security.Permissions .SecurityPermission c ycTaHOBAeH- 
hmm(J iAaroM SkipVerification H3nepemiCAemiH System.Security.Permissions. 
SecurityPermissionFlag. Ecah cfyiar ycTaHOBAeH, JIT-KOMnHAjrrop KOMniiAiipyeT 
He6e3onacHbni koa h pa3pemaeT ero BbinoAHeHiie. CLR AObepacT .otomv KOAy h Ha- 
AeeTCH, hto npHMOH AOCTyn k naMHTii h MaHHnyAHijHH c 6ariTaMH He npiiHHHHT 
BpeAa. Ecah cjiAar He ycTaHOBAeH, JIT-KOMmiAHTop BbiAaeT HCKAJoneHiie System. 
InvalidProgramException hah System.Security.VerificationException, npeAOT- 
Bpaman BbinoAHeHiie MeTOAa. CKopee Bcero, b 9tot momcht npHAoaccniic aBapniiHO 
3aBepmHTCH, ho no iqiaiiiicii Mepe 6e3 npHHHHeHHH BpeAa. 

KoMiiaiiua Microsoft npeAOCTaBAneT yTHAHTy PEVerify.exe, KOTopan npoBepaeT 
bcc MeTOAbi c 6 opKii h coo 6 maeT 060 bccx MeTOAax, coAepacamiix He6e3onacHbiii koa. 
Bo3moacho, BaM ctoht 3 anycTHTb PEVerify.exe aah bccx c 6 opoK, Ha KOTopbie bbi ccbma- 
eTecb; aro no3BOAHT y3HaTb o bosmoachmx npo 6 AeMax c 3anycK0M Bamux npHAoacciiiiiT 
no HHTpaceTH hah HHTepHeTy. 
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nPMMEHAHME 

no yMoanaHUK) c6opkm, 3arpy>KaeMbie c noKa/ibHon MamuHbi nan no cein, 06/iaAaiOT 
noaHbiM AOBepneM; 3to 3HaHMT, hto hm pa3pemeHO BbinoaHeHne aero yroAHO, BKinonaa 
He6e3onacHbiM koa- OAHaico no yMoaaaHnio c6opkh, Bbino/iHaeivibie no nmepHeTy, He 
noayaaiOT pa3pei±ieHHn Ha BbinoaHeHne He6e3onacHoro koas. Ecnn ohh coAepxaT He- 
6e3onacHbiti koa, BbiAaeTca oaho n3 ynoMHHyTbix ncKmoHeHnn. AAMnHncTpaTop nan 
KOHeaHbin noab30BaTeab MOxeT n3MeHHTb 3Tn HacTponKn no yMoanaHnio, OAHaKO b 3tom 
cayaae oh HeceT noaHyio OTBeTCTBeHHOCTb 3a noBeAeHne aioro koas. 


Cjic/tyci' yaHTbiBATb, hto HC|)ii())incan,H a Tpeoycr /yici vna k MCTaaainibiM, coAcpxa- 
miiMca bo Bcex 3aBiiCHMbix c6opKax. TaKiiM o6pa30M, Koiypi Bbi ncnojib3yeTe PEVerify 
Aah npoBepKii c6opKii, nporpaMMa ;i,o./i>Kna 6biTb cnoco6Ha iiaiim h 3arpy3HTb Bee yno- 
MHHaeMbie c6opKH. TaK KaK PEVerify ncnojib3yeT CLR /pia noncKa 3aBHCHMbix c6opoK, 
npn 3tom Hcnojib3yiOTCH Te ace npaBiiaa npHBH3KH h noncKa, KOTopbie o6biHHO npiiMe- 
hhk)tch 11 pii HcnojiHeHHH c6opoK. 3th npaBHAa 6yayT paccMOTpeHbi b raaBax 2 h 3. 

IL 14 3ail4l4Ta MHTe/l/ieKTya/1bHOM CC>6CTBeHHOCTM 

PfeKOTopbix pa3pa6oTHHKOB 6ecnoKOHT, hto IL He o6ecnenHBaeT AOCTaTOHHoro ypomia 
aamuTbi HHTejiJieKTyajibHofi co6ctb6hhocth aah hx aaropHTMOB. Miianc roBopa, ohii 
nojiaraiOT, hto kto-to Apyroft MoaceT BOcnojib30BaTbca / 1 ,h 3acc c m 6 a e p o m IL, B3HTb no- 
CTpoeHHbiii iimii ynpaBaaeMbiii MOAynb h aereo BOCCTaHOBiiTb jioniKy Ko^a npimoaceHiia. 

JX a, IL-koa pa6oTaeT Ha 6ojiee bmcokom ypoBHe, a cm 6ojibmiiHCTBO /piyrux acceM- 
6jiepoB, h b o6iiicm cjiynae AuaacceMOAiipoisai ilie IL-KOAa iibiiio.niMCTCM o riiocm c.ibiio 
npocTO. OaHaKO npn pea./iiiaami n KOAa, pafio'raioincro Ha CTopoHe cepBepa (Be6-cjiyac6a, 
iie6-c))0|)Ma hah xpaHHMaa npopeAypa), c6opKa iiaxo;i,HTcai Ha cepBepe. IIocKOAbKy no- 
CTOpOHHHH He CMOaCeT o6paTHTbCH K c6opKe, OH He CMOaceT H B0Cn0Ab30BaTbCH AK)6bIMH 
nporpaMMaMH ajih npocMOTpa IL — Barna iiirrcjijiCKTya./naiaM co6cTBCHHOCTb b iio.inoii 
6e30naCH0CTH. 

Ecah Bac 6ecnoKOHT pacnpocTpaHHeMbie c6opKii, HcnoAb3yHTe «MacKiipoBOHHbie» 
yTHAHTbl OT He3aBIICHMbIX pa3pa6oTHHKOB. TaKHC npOrpaMMbl HIHCj)pyiOT BCC 3aKpbITbie 
CHMBOAHHecKne HMCHa b MeTaAaHHbix c6opKn. IIocTopoHHeMy 6yACT TpyAHO ])ac 111 IT<})- 
poBaTb TaKoe hmsi h non mt b Ha3HaHeHiie KaacAoro MeTOAa. YnTHTe, hto MacKiipoBKa 
npeAOCTaBAaeT Aiinib OTHOCHTeAbHyio 3amHTy, noTOMy hto cpeAa CLR AOAacHa b KaKoii- 
TO MOMeHT nOAyHHTb AOCTyn K IL-KOAy AAH ero JIT-KOMnHAHUHH. 

Ecah bbi He cniiTaeTe, hto MacKiipoBKa o6ecneHHBaeT >i<e;iacM i,i ii ypoiieiib .laim-n hi 
IIHTeAAeKTyaAbHOH Co6cTBeHHOCTH, paCCMOTpHTe B03M0aCH0CTb peaAH3an,HH 6oAee 
ceKpeTHbix aAropHTMOB b HeynpaBAHCMOM MOAyAe, coAepacameM MamiiHHbie KOMaHAbi 
BMecTO IL h MeTaAaHHbix. IIocAe .ototo bh CMoaceTe HcnoAb30BaTb cpeACTBa B3anMOAen- 
CTBIIH CLR (npn HaAHHHH AOCTaTOHHbIX pa3peHieHIIH) AAH pa6oTbI C IICyil|)ail. ; mCMblMH 
HacraMH BauiHx npHAoaceHHH. Kohchho, TaKoe pemeHiie npeAnoAaraeT, hto Bac He 
6ecnoKOHT B03MoacHOCTb AHsacccMO.'inpoiiai i h a MamiiHHbix KOMaHA HeynpaBAHeMoro 
KOAa. 
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NGen.exe 

ITporpaMMa NGen.exe, BXOAAman b nocTaBKy .NET Framework, MoaceT ncnoAb30BaTboi 
A a a KOMIIH. IMHI1 n IL-KO/i,a b MamiiHHbiH koa npn ycTaHOBKe npruioacermn Ha MamiiHe 
nojib30BaTejia. TaK KaK koa KOMnHAHpyeTCA Ha CTaAHH ycrai iobkh , JIT- kom ii n. raropy 
CLRHenpiixoAHTCHKOMmumpoBaTbero bo ispe.\ia Bi.iiio. iiieiiiiM, mto moacct yAyuniHTb 
6biCTpoAeHCTBne ii|)ii. ; io>KcmiM. IIporpaMMa NGen.exe iiOAeaipa b AByx CHTyauruix. 

ycKopeHHe 3 anycKa [ipimoacenna. 3anycK NGen.exe ycKopaeT 3anycK, noTOMy 'no 
koa yace OTKOMmiAiipoBaH b MamiiHHyio cjiopMy, h komhiiahuiiio He HyacHO BbinojiHHTb 
Ha CTaAHH BbinOJIHeHIIH. 

CoKpameHHe padonero na6opa npHAoaceHHH. Ecah bbi oacHAaeTe, hto c6opKa 6y- 
AeT 3arpyacaTbCH b iiccno. ibiaix npon,eccax OAHOBpeMeHHO, o6pa6oTKa ee nporpaMMofi 
NGen.exe MoaceT coKpaTHTb padomiH Ha6op npHAoaceHHH. JXeno b tom, hto NGen.exe 
npeo6pa3yeT IL b ManiHHHbiH koa h coxpaiiHCT peay.naaT b otac.ip>iiom <})aii./ic. 3 tot 
<)) aii./i MoaceT OTodpaacaTbCH Ha naMHTb b iiecico. iiaoix aApecHbix npocTpaHCTBax oaho- 
BpeMeHHO, a koa 6yAeT pic p io.p i>; 50 napijfn cobmcc'iiio, 6e3 nci po.i la.ioicii p pi a KaacAbiM npo- 
n,eccoM co6cTBeHHoro 3K3eMnAHpa koaa. 


Bn6/inOTeKa FCL 

Oahhm i-i 3 KOMnoHCHTOB .NET Framework hbahctch FCL (Framework Class Library) — 
Ha6op cbopoK b t})op.\taTC DLL, coAepacarunx HecKOAbKO tmchh oiipcACJieiiiiii mnoB, 
KaacAbiii H3 kotopbix npeAOCTaBAHeT HeKOTopyio (J)yHKri,HOHaAbHOCTb. KoMnamiH 
Microsoft pa3pa6aTbiBaeT AonoAHHTeAbHbie 6 h6ahotckh — TaKne, KaK Windows Azure 
SDK h DirectX SDK. 3 th 6ii6. : iiiotckti coAepacaT eme 6 o. pp>ipic TimoB, iipc/i,oc'iaii. ; iMa 
b Bame pacnopaaceHiie eme oo./iiaiie (jiyiiKuiioiia. iiapocni. Ceii'iac, KorAa Microsoft c 
cjieHOMeHaAbHOH CKopocTbio BbinycKaeT orpoMHoe koahhcctbo 6ii6. : iiio'ick, pa3pa6oT- 
miKaM CTano KaK HiiKorAa Aenco picipo. pp>;jo iiai i p> tcxhoaothh Microsoft. 

Huace piepe>ppic.;ieii p>p HeKOTopme pa 3 HOBiiAHOCTii npHAoaceHHH, KOTopme MoryT 
C 03 AaBaTbCH paapaoor'p h i<a.vi 11 npn noMomu .-mix coopoic 

Be6-CAyac6bi. Tcxiioaothh Microsoft ASP.NET XML Web Service h Windows 
Communication Foundation (WCF) ho3boahiot oneHb Aenco co3AaBaTb mctoah aah 
odpadoTKH coo6iucuhh, nepeAaBaeMbix no HHTepHeTy. 

npHAoaceHHH Web Forms/npHAoaceHHH MVC Ha 6a3e HTML. KaK npaBHAO, 
npiiAoaceHiiH ASP.NET oopamaio'ica c 3anpocaMH k 6a3aM AaHHbix h Bbi30BaMii k bc6- 
CAyacdaM, o6beAHHHK>T h cjuiAbTpyiOT noAyueHHyio HHiJiopMaitHio, a 3aTeM npeACTaBAHiOT 
ee b 6pay3epe c HcnoAb30BaHi-ieM pacmupeHHoro noAb30BaTeAbCKoro nHTepcbeiica Ha 
6aae HTML. 

npHAoaceHHH Windows c pacmnpeHHbiM rpaiJiHuecKHM HHTepiJieHCOM. Bmccto 
peaAH3an,Hii noAb30BaTeAbCKoro HHTepcjieHca npHAoaceHHH b is mac Be6-CTpaHim, moac- 
HO HCH0Ab30BaTb 6oAee MOIIlliy 10 H BbICOKOnpOH3BOAHTeAbHyiO ())VIIKUIlOlia. IlilPOC'l b, 
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npe/iocTaBjifleMyio TexHOJionmMii Windows Store, WPF (Windows Presentation 
Foundation) h Windows Forms. TaKne npHjioaceHHH MoryT ncnojib30BaTb co6mthh 
ajieMeHTOB ynpaBJieHim, Memo, ceHCopHoro aicpaHa, Mbiinn, nepa n KJiaBiiaTypbi, a Taicace 
MoryT od.vieimiia'i bCM micjiopMauwcM c oneparuroHHoii chctcmoh, BbmaBaTb 3anpocbi 
k 6a3aM ,'iamibix h no.ib.soiiaTbCM be6-c.;iy>K6aMn. 

KoHcojibHbie npmio>KeHHH Windows. KoHCOJibHbie npruioaceHim — npocToii 
h 6 bi exp i>i ii BapnaHT pjia co3Aarm>T npiuioaceHiiii c MiiHiiMajibHbiMH noTpedHOCTHMii b 
iio./ib30i«TC. : ibCKOM imTepcjaeiice. KoMniursiTopbi, ymnHTbi n BcnoMoraTejibHbie HHCTpy- 
MeHTbi nacTO peanH3yiOTCH b bitac KOHCOJibHbix npnjioaceHHH. 

Cnyacdbi Windows, /(a, Tenepb craaio bosmoachmm nocTpoemie cayacd (services), 
ynpaBJineMbix 'icpca Windows SCM (Service Control Manager) c Hcnojib30BamieM 
.NET Framework. 

XpaHHMbie ripone/iypbi 6a3 AaHHbix. CepBepbi 6a3 uamibix Microsoft SQL Server, 
IBM DB2 h Oracle uaiOT B03M0acH0CTb paapaooT'iiiKa.vi iiucarb cboii xpaiuiMiac npo- 
itc/typla c nciio. ib30Bamic.vi .NET Framework. 

Bh6.ihotckh KOMnoHeHTOB. .NET Framework iio.sbo.imc'i coBAanaTb aBTOHOMHbie 
cdopKii (KOMnoHeHTbi) c TunaMH, jierKO BCTpaimaeMbiMii b npiiAoaceHHH Bcex ynoMii- 
HaBnmxcH paanoBiiAiiocTcii. 

BHMMAHME 

B Visual Studio TaioKe npeflycMOTpeH nan npoeKTa Portable Class Library Ana co3AaHiaa 
cbopoK 6n6nnoTeK KnaccoB, paboiatomnx c pa3HbiMia buabmm npnnoacei-iMM, BKinonan 
KnaccMHecKne npH/ioxemm .NET Framework, npnnoxeHuCi Silverlight, Windows Phone, 
Windows Store u Xbox 360. 

Tax KaK FCL coAepacHT 6yKBajibHO tmchuh TimoB, BaariMOCBi-iaaimbie THnbi oonc/ui- 
hhiotcji b oaho npocTpaHCTBO HMeH. FlanpHMep, npocTpaHCTBO hmcii System (KOTopoe 
BaM ctoht H3ynHTb KaK mo»cho jiytme) coAepaciiT 6a30Bbiii Tim Object — «npeAOK» 
Bcex ocTajibHbix TimoB b cucTeMe. KpoMe Toro, npocTpaHCTBO hmcii System coAepacnT 
THnbi AAH nejlbix UHCCA, CHMBOJIOB, CTpOK, o6pa6oTKH HCKAIOMCHHH H KOHCOJIbHOrO 
BBOAa-BbiBOAa, a TaKace Hadop BcnoMoraTejibHbix tuiiob, ocyinccTB.iMioinnx 6e3onacHbie 
npeo6pa30Bamm MeatAy TimaMii AaHHbix, cjiopMaTiipoBaHiie, reHepupoBaHiie caynaiiHbix 
HHcea ii Bbiuo.uis-iioinux MaTeMaTimecKiie (])yiiKnnn. Bee npiuioacemiH HCiio..u,ayiOTTimbi 
ii3 npocTpaHCTBa hmcii System. 

L lio6bi iiciio.iij.ioiiai b B03MoacHOCTii FCL, iieodxoAu.vio 3HaTb, KaKoe npocTpaHCTBO 
HMeH coAepatHT THnbi, ii|)c/i,ocTaB.TMioinric HyacHyio ())ynKTuu)ii;i.TbiiocTb. MHonie THnbi 
noAAepaciiBaiOT uacTpoHicy CBoero iiobcaciium; ajih oiom Tim npocTO 061,1-1 b./ii-ictcm npo- 
H3 BOAHMM ot Hyamoro Tima FCL. OdbeKTHO-opHeHTiipoBaHHan npiipoAa naaTcjiopMbi 
npoHBJineTCH b tom, KaK .NET Framework iipcAOC'iaii.'me'r pa3pa6oTHHKaM CArmyro 
napaAnrMy nporpaMMiipoBamiH. KpoMe Toro, paapaooT'in k MoaceT jiei ico co3AaBaTb 
codc'i BCiiiibie npocTpaHCTBa hmch, coAepacamire ero THnbi. 3 th npocTpaHCTBa h Timbi 
jierKO HHTerpupyiOTcn b napaAnrMy nporpaMMiipoBamiH. ITo cpaBHeHino c napaAiirMoii 
nporpaMMiipoBamiH Win32 hobmh noAxoA 3HanHTejibHO ynpomaeT nponecc pa3pa6oTKii. 
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BojibiniiHCTBO npocTpaHCTB HMeH b FCL co/i,epacHT THnbi, KOTopbie MoryT ncnojib- 
30BaTbCH B lipilAOACCmi MX JIK>6bIX BHAOB. B Td6j\ . 1.3 I ICpC'l I1CACm>l FICKOTOpblC OOIIIHC 
npocTpaHCTBa iimcii h ocHOBHbie oojiacTii npii.YteiiemiM thiiob sthx npocTpaHCTB. 3to 
oneHb Ma./icm<KaM Bbi6opKa AOCTynHbix npocTpaHCTB — hto6m 60./1 r>rnc y3HaTb o no- 
CTOHHHO |)aCI[ll]|)M IOIUCMCM MIIO>l(CCTIiC npocTpaHCTB HMeH, C03AaBaeMbIX KOMnaHIieH 
Microsoft, o6pamaHTecb k AOKyMeHTaiiiiii paaa 11 1 m i>i x naKeTOB Microsoft SDK. 


Ta 6 /iML(a 1 . 3 . HeKOTopbie npocTpaHCTBa HMeH FCL 


ripOCTpaHCTBO HMeH 

OrwcaHMe coflepwnMoro 

System 

Bee 6a30Bbie Tiinm, Hcnojn>3yeMi>ie b npiiaoxceHHax 

System. Data 

Timbl AAH B3aiIMOAeHCTBHH C 6a3aMII AaHHbIX H 06pa60TKH AaHHbIX 

System. IO 

Timbi noTOKOBoro BBOAa-BbiBOAa, obxoAa AepeBa KaTaaoroB n cjiaiiAOB 

System.Net 

Timbi aah HH3KoypoBHeBbix ceTeBbix KOMMyHHKaiiiiii 11 iicnoab30Ba- 
hhh pacnpocTpaHeHHbix npoTOKOAOB MmepHeTa 

System. Runtime. 
InteropServices 

Timbi, no3BOAHioiniie ynpaBaneMOMy KOAy paboTaTb c HeynpaBane- 
MblMH naaT(f)OpMeHHbIMH CpeaCTBaMH (KOMnOHeHTaMH COM, cfiyHK- 
iihhmh Win32 h DLL-6n6anoTeK) 

System. Security 

Tunbi 3amiiTbi AaHHbix 11 pecypcoB 

System.Text 

Timbi aaa paboTbi c pa3HbiMii KoanpoBKaMii (TaKiiMH, KaK ANSI 

11 IOhiikoa) 

System.Threading 

Tnnbi acHHxpoHHbix onepaijHH h CHHxpoHH3aijHH AOCTyna 
k pecypcaM 

System. Xml 

Timbi aaa o6pa6oTKii cxeM 11 AaHHbix XML 


3Ta KHiira iiociiaiueiia CLR h TiinaM o6mero naana'iemis-i, reciio B3aHMOAeircTBy- 
rouiHM c CLR. TaKHM o6pa30M, ee coAepaciiMoe aicryaiijiio aah bccx nporpaMMiiCTOB, 
3aHHMaK)miixcH pa3pa6oTKoii npiuioaceHiiii h komhohchtob aaa CLR. O KOHKpeTHbix 
pa3HOBHAHOCTHX npHAO>Kcimii — Be6-cayac6, npHAoaceHHH Web Forms/MVC, WPF 
h t. A- — HanucaHO MHoro 3aMeaaTeabHbix KHiir, KOTopbie CTaHyT xopomeii OTnpaBHoii 
TOHKoii aah pa3pa6oTKH Bainux co6cTBeHHbix npruioaceHiiii. B stoh KHiire a npeAOCTaBJiaio 
hi KfxjpMaHHio, KOTopaa OTHOCHTca He k KOHKpeTHOMy Tirny npHAoaceHHH, a k naaTcjiopMe 
pa3pa6oTKir. IIpoHHTaB 3Ty KHiiry bmcctc c Apyrori KHiiroii, nocBameHHoii KOHKpeTHbiM 
npruioaceHiiaM, bbi cmoacctc aerico h 3<J)cJ)eKTHBH0 C03AaTb npiuioaceHiie Hyaororo Tima. 


CTS 


BepoaTHO, bh yace iioiih. ih, hto caMoe BaacHoe b CLR — THnbi, iipe/iocraii. iaioimie (jiymc- 
UHOHajibHOCTb BamiiM npiMoaceHiiaM h ApyniM THnaM. MexaHH3M TimoB iio.iiio. iacr 
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Ko/iy, HamicaHHOMy Ha 0/1,1 iom Manure nporpaMMiipoBamiH, n;:ia 11 m o/[,c ii ct no n;i rij. c koaom, 
HanHCaHHbIM Ha APyrOM >T3brKC. IIOCKOJIbKy Timbl 3 aHHMaiOT u,eHTpajibHoe MeCTO b CLR, 
KOMnaHHH Microsoft pa 3 pa 6 oTana <j)op\iajiniiyio cneijHcjiHicaiin 10 CTS (Common Type 
System), KOTopan oimciiiiiaci cnoco 6 oiipcACJiemiM h noiiCAeiine TimoB. 

nPMMEHAHME 

KoMnaHna Microsoft npenocTaBJiaeT CTS BMecTe c flpyrnivin HacmMi/i .NET Framework 
(c})opMaTbi cJ)atiBOB, MeTaAaHHbie, IL, MexaHH3M Bbi30Ba P/Invoke n t. a-) b opraHKOMn- 
Tei ECMA c ue/ibio CTaHAap™3au,nM. CiaHAapT Ha3biBaeTcn CLI (Common Language 
Infrastructure) n onpeAenaeTCM cneui/icjjnKaunen ECMA-335. KpoMe Toro, KOMnaHnn 
Microsoft npeAOdaBnna OTAeabHbie nacTn FCL, H3biK nporpaMMupoBaHus C# (ECMA- 
334) n a3biK nporpaMMupoBaHua C++/CLI. 14HcJ)opMau,Ms 06 stux OTpacneBbix CTaHAap- 
Tax AOCTynHa Ha catrre ECMA no aApecy http://www.ecma-international.org. Bbi Taioxe 
MOxeTe o6paTMTbca Ha cairn Microsoft: http://msdn.microsoft.com/en-us/netframework/ 
aa569283.aspx. 

Cor/iacHO cncniic|ntKainnr CTS, ran moxcct coAepacaTb iiy.in h 60/ice M/ieiiois. 11 0/1,- 
po6Hbieoiincami a bccxbo 3 moachmx m/icuois TimoB iipmsc/iynni b nacTH II Kiinnr, a noica 
m orpamraycb KpaTKHMH bboahmmh 01 mean 11 mm 11: 

□ Ilojie — nepc.vteiiuaM, aii.ia iohiumcm nacTnio coctohhhh o6beKTa. IIojiji n/i,eiiTii()iii- 
nupyiOTCH HMeHeM h thiiom. 

□ Mctoa — (})y 111/1 in a , isi.ino.iimiomaM onepanino c o6beKTOM, nacTO c ri/i.vieiieiiriCM ero 
coctohhhh. iVl ctoa oSnaAaeT HMeHeM, curaaTypoft h ,vio/i,ric):)in(a'i()paMii. Cni iiaTypa 
oiipeAC/meT KOJiiraecTBO napaMeTpoB (h nopnAOK hx c/ienoBaHiin), run 1,1 napaMe- 
TpoB, na./iHHHC B03BpamaeMoro ana'iemiM, h cc/i n oho iimcctcm — ran ana'iemiM, 
B03BpamaeMoro mctoaom. 

□ CbOHCTBO — C TOHKH 3peHHH BbI3bIBaiOILI,eH CTOpOHbl Bbir/MAHT KaK nOJie, HO 
b pcammanim Tima npeACTaB/ineT co6oft mctoa (hjih /uia). CBoiicTBa noano/iMiOT 
opraHH30BaTb npoBepKy napaMeTpoB hjih coctom i i 11 a 06 'bcicra nepen o6pameHHeM 
k .iiia'iemiio h/hjih iibi>iiic./iM i b ero ana'ieniic To. ibi/o npn iico 6 xo/i,I'Imoctii. KpoMe 
Toro, OHII ynpOmaiOT CHHTaKCHC pa6oTbI C AaHHbIMH H n03B0JIHI0T C03AaBaTb «nOJIH», 
AOCTynHbie to/ii>ko Ann 'neiiri a hjih 3anncH. 

□ CoSbirae — ncnojib3yeTCH,yiM coa/iynuiM Mexami3Maoiimicineim a mok/iv o6beKTOM 
h npyriiMH 3aiiHTepecoBaHHbiMii o6beKTaMii. HanpiiMep, Kiiomca mojkct noAAepacii- 
BHTb co6biTiie, onoBemaiomee Apyrne o6beKTbi o me/ruce Ha Heft. 

CTS Taicace .aa/i,acT npaBHJia bh/ihmocth TimoB h Aocryna k 'uiciia\i THna. Hanpimep, 
iiOMC'iaa Tim Kan OTKpbiTbift (K. iio'ienoe cjiobo public), bh tcm caMbiM OKCiiopTupycrc 
3 tot Tim, jvpjVAA ero bhahmmm ii /[.ocn y iiiiIjI.vi ajim jho 6 oii c6opKii. C Apyroft ctopohh, no- 
MeTKa Tima Ha ypoBHe c6opKii (icnoneiioe cjiobo internal b C#) ACJiaer ero bhahmmm 
h AOCTynHbiM / 1 ,jim icoya Toft ace coopi/n. TaKHM o6pa30M, CTS ycTaHaBJiHBaeT npaBiuia, 
no KOTopbiM c6opKii (})op\inpyioT rpaHimy bhahmocth Tima, a CLR o6eenemiBaeT bbi- 
nojiHeHiie npaBiui bhahmocth. 


CTS 
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Tim, BHflHMblH J{J\A BbI3bIBaiOmeH CTOpOHbl, M03CCT yCTaHOBIITb /[.OI[f>. l[IH TC./Il>[[[>lC‘ 

oipaiimiemm Ha B03M0acH0CTb o6pamemm k cbohm ujieHaM. H n>icc ncpcnicjiemii Ba- 
pnaHTbi orpaHiraeHHH aocTyna k 'ijiena.M Tima: 

□ 3aKpbiTbiH (npHBaTHbiii) /lociyn — 'uicii TimaAOCTynen toju>ko /yia apyrnx ujichob 
toto ace Tima. 

□ /JocTyn b ceMeftcTBe — mien THna yocTyncii /ym npoH3Boa,Hbix thhob H63aBHCHMO 
ot toto, npima/uieacaT jii-i ohh toh ace c6opKe hjih hot. 06paTHTe BHiiMamie: bo mho- 
nix msbiicax (TaKHx, KaK C# h C++) aociyn b ceMeftcTBe oooana'taeTCM K. iio'idmiM 
cjiobom protected. 

□ /loc i yri b ceMeftcTBe h c6oprce — mien THna /ipc'iyneii , i,./iti npoH3Boa,Hbix thhob, ho 
TOJibKO b tom cjiyuae, ecji n ohii oiipe/uvimoTca b toh ace c6opKe. Muonic mibnm (Ha- 
npHMep, C# h Visual Basic) hc iio/utcpacimaiOT otot ypoBeHb yocTyna. Paay.vtecTCii, 
b IL-icoye oh no;(;i,cpacnisacTC!>i. 

□ /J,ocTyn b c6opice — 'uicii TimayocTyneii .'lyui juo6oto icoya, isxojiyimero b Ty acec6op- 
Ky. Bo MHonix arsbiicax aoctvii b c6opKe oooaiia'iaeTCTi ic. no'ieiibiM cjiobom internal. 

□ /JocTyn b ceMeftcTBe hjih c6opice — mien Tima aoc'iyncn js ,jih npoii3Boa,Hbix thhob 
H3 jho6oh c6opKii, a TaKace juw jno6bix thhob b toh ace c6opice. B C# .-n o r BapnaHT 
AOCTyna o6o3HauaeTCH KJHOueBbiMii cjiOBaMH protected internal. 

□ OTKpbiTbiH jiocryn — 'uicii Tima /[.ocTynen jsj ih jho6oto icoya b jno6oii c6opKe. 

KpoMe toto, CTS onpe/iejuieT npaBHjia, ynpaixmioimie 1 iaicx ic/1,0isai 1 nc.vi, pa6oToii 
BHpTyaJIbHbIX MeTOflOB, CpOKOM aCH3HII o6bCKTOB H T. 3tH npaBHjia pa3pa6aTbIBaJIHCb 
j 3 j ih BbipaaceHiiH ceMaHTHKii, BbipaacaeMoii cpejiCTBaMii coBpeMeHHbix h3hkob nporpaM- 
MiipoBaHiiH. Co6ctbchho, BaM Boo6me hc npimeTca nayuaTb npaBHjia CTS Kan TaKOBbie, 
nOTOMy HTO Bbl6paHHblii BaMII H3bIK npCAOCTaBaHCT Co6cTBeHHblii CHHTaKCHC H npaBHjia 
pa6oTbi c THnaMii. CuHTaKcnc KOHKpeTHoro a.3i)i ica npeo6pa3yeTCH b IL, <<h3hk>> CLR, 
b iiponeccereHepiipoBaHiiH c6opKii Hacra/urn komiiitimuii 11. 

Kor/i,a a to JibKO iiami/i pa6oTaTb c CLR, aoiio.ibiio 6biCTpo BbiacHHjiocb, mio H3biK 
h noise/icnne icoya jiymue paccMaTpiiBaTb KaK /1,110 pa3Hbie cymHOCTH. Hcnojib3yH C++/ 
CLI, Bbi MoaceTe oiipeAemiTb co6cTBCHHbie Timbi c HyacHbiM Ha6opoM 'uienon. Koiiciiio, 
AJiH onpe/iejieHHH toto ace THna c tcmh ace ujieHaMii MoacHO TaKace ncnojib30BaTb C# 
hjih Visual Basic. Koiiemio, CHHTaKCHC onpc/icjicinm Tima 3aBHCHT ot Bbi6paHHoro 
H3bnca, ho iioise/iemte Tima ocraeTOi HeH3MeHHMM, nOTOMy mio oho onpe/icjmcTOi 
cneuHcJiHKauHeH CTS. 

t lTo6bi CKa3aHHoe CTajio 6ojiee hohhthhm, h npiiBeay npn.viep. CTS iio.iiio. ihci Timy 
6biTb 1 i])oii;iiio/u 1 bi.vi TOJibKO ot o.Tiioi'o 6a30Boro Kjiacca. H xoth a.ibiic C++ no/mepacH- 
BaeT B03M0aCH0CTb HaCJICAOBaHIIH OT HeCKOJIbKHX 6a30BbIX TimOB, CTS He npiIMCT TaKIie 
KJiaccbi h He 6y/U‘T pa6oTaTb c hhmh. 06HapyacHB nonbiTKy coa/tfinn a ynpaBjiaeMoro 

KOAa C THnOM, ll|)0I1.3ll(),TllblM OT HeCKOJIbKHX 6a30BbIX THnOB, ICOMII II.IIITOp Microsoft 

C++/CLI bbiyacT coo6meHiie 06 omn6Ke. 
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A bot eme o/uio ri [laiiii. ro CTS: Bee thiibi aoaachm 6biTb npoH3Bo;inbiMH (npHMO 
hah onocpeAOBaHHo) ot npe/ionpe/i,ejieHHoro rana System.Object (to ecTb ot THna 
Object it3 npocTpaHCTBa hmcii System). Tun Object hbahctch kophcm wcpapxww TimoB, 
a cjieAOBaTejibHO, rapaHTnpyeT, hto KaACAbiii 3K3eivinAHp Tnna o6jia/i,aeT MHHHMaAbHbiM 
Ha6opoM acneKTOB ttobcactthh. A ecAii roBopiiTb KomcpeTHee, ran System .Object no- 
3BOJweT cAejiaTb cAeAyiomee: 

□ cpaBHiiTb a a a 3K3eMnjinpa Ha paBeHCTBo; 

□ nojiynnTb xciii-koa 3K3eMnjinpa; 

□ 3anpocHTb (jiaKTHnecKHH Tirn .3K3e.Mii.THpa; 

□ BbinojiHiiTb noBepxHOCTHoe (nopaapMAiioe) KoraipoBamie 3K3eMnjinpa; 

□ nojiynnTb CTpoKOBoe iipe/tc'iaiuicmic TCKvmero coctohhiih 3K3eMnjiapa. 

CLS 

Mo/i,c. : iP) COM noaiio. is-iCT o6beKTaM, HanucaHHbiM Ha pa3Hbix H3biKax, B3aHMOAeftcTBO- 
BaTb ;i,pyr c Apyro.vi. C Apyroii ctopohm, cpeaa CLR iiHTerpupyeT bcc H3MKH h o6ecne- 
HHBaeT B03M0ACH0CTb paBHOnpaBHOTO IICn0JIb30BaHIIH o6beKTOB, HanilCaHHbIX Ha OAHOM 
H3biKe, b ko/[c Ha coBepuieHHO ApyroM M.'ibiKC. Taican iimerpauuH crajia bo3moachoh 
6AaroAapa CTaHAapTHOMy Ha6opy thhob CLR, MeTaAaHHbiM (caMOAOKyMeHTHpyiomeH 
iiH(j)opMau,HeH o THnax) h o6meH iicnoAHHTeAbHoii cpeAe. 

Xoth H3biKOBan HHTerpapHH — coBepmeHHO 3aMenaTejibHaH uenb, no npaBAe roBopa, 
H3biKii nporpaMMiipoBaHiia o'ktii. CHJibHO o'ljiii'iaiO'iCH Apyr ot Apyra. Hanpimep, He- 
KOTopbie H3biKii He yniTbiisaiOT peniCTp chmbojiob b H.vienax, Apyrne He noAAepaciiBaiOT 
u,eAbie Miicjia 6e3 3HaKa, neperpy3Ky onepaTopoB hjih mctoah c noAAepacKofi nepeMeH- 
hoto KOAHnecTBa apryMeHTOB. 

Ecah Bbi HaMepeBaeTecb co3AaBaTb THnw, c kotopbimh moacho Aenco pa6oTaTb 

H 3 Apymx H3bIKOB npOrpaMMIipOBaHIIH, BaM II|)I1AC'[CM HCH0Ab30BaTb TOAbKO Te B03- 
moachocth Barnero H3biKa, KOToprae 3aBeAOMO AOCTynHbi bo Bcex ocTaAbHbix H3biKax. 
/(ah ynpomeHHH stoh aaAa'ui KOMnaHHH Microsoft oii|)C/i,e./iiijia ciich,ik))ii KaijH 10 CLS 
(Common Language Speciication); b iieii iiepcuicjien MHHHMaAbHbift Ha6op bo3moac- 
HOCTeii, KOTopbie aoaachm noAAepACHBaTbCH KOMniiAHTopoM aah reHepupoBaHHH TimoB, 
COBMCCTIIMblX C APyCHMH KOMIIOIICIITaMII, HanHCaHHbIMH Ha APyfHX CLS-COBMeCTHMbIX 
H3biKax Ha 6a3e CLR. 

Bo3moachocth CLR/CTS bmxoaht ahacko 3 a paMKii noAMHOAcecTBa, onpeACAaeMoro 
CLS. Ecah Bac He 6ecnoKOHT MeACbH3biKOBaa cobmccthmoctb, bh moacctc pa3pa6aTbi- 
BaTb Timbl C mHpOKOH (jjyHKUHOHaAbHOCTbK), OrpaHIIHHBaeMOH TOAbKO B03M0ACH0CTHMII 
H3biKa. A ecAii roBopiiTb KOHKpeTHee, CLS onpeAeAaeT npaBHAa, kotophm aoaachm 

COOTBeTCTBOBaTb THnbI H MeTOAbI C BHeiHHeH BHAHMOCTblO, AAH TOTO HTo6bI OHII MO I AH 
HCn 0 Ab 30 BaTbCH B AK)6oM CLS-COBMeCTHMOM H.iblKC npOrpaMMIipOBaHHH. 06 paTHTe 
BHHMaHHe: npaBHAa CLS He pacnpocTpaHHiOTCH Ha koa, AOCTynHbiii TOAbKO b onpe- 
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Aejimomeii c 6 opKe. Ha piic. 1.6 imivniAiio i[|)c;(C'iaii./iciibi KOHpenpHH, BbipaaceHHbie 
b 3TOM a63an,e. 



Pmc. 1.6. Pa3Hbie H3biKi/i noAAopxuBaiOT noAMHOxecTBO CLR/CTS n HaflMHOxecTBO CLS 
(bo3mo>kho, pa3Hbie noAMHOxecTBa) 

KaK bii/pio H 3 puc. 1 . 6 , CLR/CTS onpeAenaeT Ha 6 op (jiymamoiia.Tbiibix B 03 Moac- 
HOCTeil. HeKOTopbie m. 3 bitch peajni 3 yiOT 6 ojiee nmpoKoe noAMHoacecTBO CLR/CTS. 
HanpiiMep, nporpaMMHCT, nocKc.iamimii pa 6 oTaTb Ha H 3 biice acceM 6 jiepa IL, cmo>kct 
IIC n 0 JIb 30 BaTb BCe B 03 M 05 KH 0 CTH CLR/CTS. BojIblHIIHCTBO AP.VIHX H 3 bIKOB (C#, Visual 
Basic, Fortran h t. a.) npeAOCTaBJimoT b pacnopaaceHiie nporpaMMHCTa noAMHoacecTBO 
1503 MOCK IIOCTCii CLR/CTS. CLS 0 II|)CACjI 3 CT MHHHMajIbHblH Ha 6 op B 03 M 05 KH 0 CTCH, 
KOTopbie AOJiacHbi imAAcpocniiai bCM BceMH H 3 biKaMH. Ecjih Bbi npoeKTupyeTe ran Ha 
oahom H 3 biKe h co 6 npaeTecb Hcnojib 30 BaTb ero b Apyro.vi > 1 , 31,1 ice, He pa 3 MemaHTe miKaKiie 
B 03 M 03 KH 0 CTH, liblXOAHIHHC 3 a IipCAC.'lbl CLS, B erO OTKpbITbIX H 3 aiHHmeHHbIX Mjicnax. 
B atom cjiynae 'uiciibi Barnero rana MoryT c/iarb iie/iocTymibiMH /lym nporpaMMiiCTOB, 
nHinymux koa Ha Apyrux m 31 ,max nporpaMMiipoBaHHH. 

B cjieAyiomeM KOAe CLS-coBMecraMbiii ran oiipcacjimcicm b KOAe C#. OAHaKO npn 
3 T 0 M ran COAepACHT HeCKOJIbKO CLS-HeCOBMeCTHMbIX KOHCTpyKHHH, H3-3a KOTOpbIX 
KOMnruuiTop C# BbmaeT npeAynpeacAemra. 

using System; 

// npni<a3biBaeM KOMnunaTopy npoBepsTb koa 
// Ha COBMeCTMMOCTb C CLS 
[assembly: CLSCompliant(true)] 

namespace SomeLibrary { 

// npeflynpe>KfleHMa BbiBOAflTCfi, nOTOMy hto K/iacc HB/iaeTCfl OTKpbiTbiM 
public sealed class SomeLibraryType { 

// npeAynpe>KAeHne: B03BpamaeMbm Tun 'SomeLibrary.SomeLibraryType.Abc()' 

// He HBASeTCH CLS-COBMeCTMMbIM 
public UInt32 Abc() { return 0; } 


npodojiMeuue & 
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// npeflynpeweHne: MfleHTwjjMKaTopbi ’SomeLibrary.SomeLibraryType.abc()', 

// OT^M^aiOlHHeCfl TO/lbKO perMCTpOM CMMBO/lOBj He HB/1HI0TCH 
// CLS-COBMeCTMMbIMM 
public void abc() { } 

// npeflynpe>KfleHMa HeT: 3aKpbiTbiif MeTOA 
private UInt32 ABC() { return 0; } 

} 

} 

B 3tom Kone aTpii6yT [assembly :CLSCompliant(true) ] npiiMeHaeTCH k c6opKe. 
3tot aTpH6yT npriKa3biBaeT Ko.vmii. iMTopy c/ic/urri) 3a TeM, hto6m ran c OTKpbiTbiM 
ypoBHeM nocTyna He coAepacaji KOHCTpyKUHH, npensiTCTByiomHx ero Hcno/ib30BaHiiio 
b npyroM H3biKe nporpaMMupoBamiH. IIpii KOMnniumnn 3toto Kona KOMmuiHTop C# 
BbmaeT/psa npe/i,yiipc>K;i,eima. IlepBoe BbiAaeTcu H3-3a Toro, tio mcto/i, Abe B03BpamaeT 
ue/ioe 6e3 3HaKa; HeKOTopbie H3biKii nporpa.MMnpoisaima He yMeiOT pa6oTaTb c 6e33Ha- 
KOBbiMii pejibiMii HHCJiaMH. BTopoe npeuynpeacneHiie BbmaeTcn H3-3a Toro, tio ran 
CO/tep'/KHT Alia OTKpbITbIX MCTO/pl, pa3./l ITiaiOIIUIXCH TO/lbKO perilCTpOM H ranOM B03- 
BpamaeMoro aiia'iemiM: Abe h a be. B Visual Basic h neicoTopbix /ipynix m;si>i i<ax bm30b 
o6ohx mcto/i,chs iieiio/iMO/icen. 

Ecjih yuajiHTb K/noueBoe cjiobo public nepep sealed class SomeLibraryType 
h nepeKOMmumpoBaTb koa, o6a npeAynpe/KAeurm nponapaiOT. /Je/io b tom, uto THn 
SomeLibraryType no yMO/inaHino paccMaTpiiBaeTcn KaK Internal, a c/ieAOBaTejibHO, 
CTaHOBHTCH I ICAOCTy I III bl M 3a I ipCAC/ia.M H c6opKII. IIOJIHbM cnucoK iipami/i CLS npri- 
BepeH b pa3Ae/ie « Cross-Language Interoperability» AOKyMeHTaurni .NET Framework 
SDK (http://msdn.microsoft.com/en-us/library/730f1wy3.aspx). 

Ilo3BOJibTe MHe H3/i05KHTb iipaiui/ia CLS b lipcuc/ibiio ynpomeHHOM liii/rc. B CLR 
Kaacflbiii 'i/icii rana mii.ihctcm jih6o no/ieM //rai111r>ic), jih6o mcto/iom (noiic/teiine). 3 to 
oaiia'iacT, tio Ka/ic/uaii H3biK nporpaMMupoBamiH /loji>i«‘i i yMera oopamaTbCM k iio.t a m 
h Bbi3biBaTb mcto/i, la. HeKOTopbie iio/im h HeKOTopbie mcto/i, 1)1 Hcuojib3yiOTCH cneu.ii- 
a/ibHbiM o6pa30M. /[pm ynpoiuemm nporpaMMiipoBaHHH M.ibii/n oobiano 11|)C/rocraii- 
jihiot /to 11 o.t i i irrc./i b 11 bi c aoc/pai/ipi n, ynpoipaiomiie peajui3aumo arax CTan/iap'iiibix 
naTTepHOB — iicpe'iric/icmia, MaccriBbi, CBoircTBa, HH/reKcaTopbi, ue/ieraTbi, co6birau, 
KOHCTpyKTopbi, (J)HHajra3aTopbi, neperpy3Kii onepaTopoB, onepaTopbi npeo6pa30BamiH 
n t. a. Kor/ra KOMnii/iHTop BcrpenaeT ara abcTparcnuu b iicxoahom KOAe, oh aojiacch npe- 
o6pa30BaTb HX B IIO/IM H MCTO/I, 1)1, '(TOObl CAe/iaTb HX AOCTynHblMH /1,/IM CLR H .TIOObIX 
Apyrux H3HK0B nporpaMMiipoBaHHH. 

C/ie/i,yioiucc onpc/rcjiciinc rana co/up/Kirr KOHCTpyKTop, (J)HHajiH3aTop, neperpy- 
>kc 1111i)io onepaTopbi, cbohctbo, nii,TCKcaTO|) h co6birae. YuraTe, tio ii[)it nc/rci111mii 
koa HanucaH Bcero /mmb /l./iti toco, uto6h oh KOMnn/mpoBa/iCH, h He ACMOHCTpripyeT 
npaBiuibHoro cnoco6a peajni3auHH rana. 

using System; 


internal sealed class Test { 
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// KOHCTpyKTOp 

public Test() {} 

// ©MHa/1H3aTOp 

~Test() {} 

// neperpy3Ka onepaTopa 

public static Boolean operator == (Test tl, Test t2) { 
return true; 

} 

public static Boolean operator != (Test tl. Test t2) { 
return false; 

} 

// neperpy3Ka onepaTopa 

public static Test operator + (Test tl. Test t2) { return null; } 

// Cbomctbo 

public String AProperty { 
get { return null; } 
set { } 

} 

// HHfleKcaTop 

public String this[Int32 x] { 
get { return null; } 
set { } 

} 

// Co6buue 

public event EventHandler AnEvent; 

} 

Pcav.TbTaTOM k o m mi jt>t n ittt 9Toro icoAa mb.tmc'I'Cti Tim, coAep>Kainnii Ha6op nojien 
h MeTOAOB. B 3tom moacho jierKO ybeAHTbca, npocMOTpeB i iojiv 'fci111 i>i ip ynpaBjuieMbiH 
MOAyiib b nporpaMMe IL Disassembler (ILDasm.exe), BxoAameii b naiceT .NET Framework 
SDK (pnc. 1.7). 

B Ta6jr. 1.4 npoAeMOHCTpripoBarro cooTBeTCTBiie Meacay KOHCTpyKrriiHMii H3bnca npo- 
rpaMMiipoBaHiiH h ;)Kmiiia.icimip>iM 11 11 o.tmmh/mcto/uimip CLR. 

/lopio.'iipiipf./p i>i ii>H‘ v3.tp>i anipa Test, nc ynoMjmyTbie arab.T. 1.4— .class, .custom, 
AnEvent, APropenty h Item, — coAepacaT AOiio.Tiimc.TP)iii>ic .vie'ia/piipipiiic rana. Ohii 
H e OTobpaacaroTCH Ha 110.1 a hah mctoam, a TOjrbKO p ipc/p,oc'i;iii. PH 101 aoiio.ti[iitc.tp>i[\to 
HH(J) opMaH;Hio o Time, KOTopaa mo>icct iicnoAb30BaTbCH CLR, H3biKaMii nporpaMMir- 
poBaHiia hah HHCTpyMeHTaMH. HanpiiMep, nporpaMMa mo/icct y3HaTb, hto ran Test 
no/PAepacHBaeT cobbiTHe AnEvent, aah paboTbi c kotophm Hcnojib3yroTca ABa mctoah 
(add_AnEvent 11 remove_AnEvent). 
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Puc. 1.7. llporpaMMa ILDasm c nonsMn u MeTOAaMM Tuna Test 
(nHct)opMau,nn no/iyneHa M3 MeiaAaHHbix) 


Ta6.riML(a 1.4. flona m MeTOAbi Tuna Test 


H/ieH Tuna 

Pa3HOBMflHOCTb 

3KBHBa/ieHTHaq KOHCTpyKunq 
si3biKa nporpaMMMpoBaHnq 

AnEvent 

ITojie 

CodbiTiie; hmh nojia - AnEvent, Tim - System. 
EventHandler 

.ctor 

MeTOA 

KoHCTpyKTop 

Finalize 

MeTOA 

OiiHajni3aTop 

add_AnEvent 

MeTOA 

MeTOA AodaBjiemiH odpadoTimca co6mthh 

get_AProperty 

MeTOA 

Get-MeTOA aocTyna CBoftcTBa 

get_Item 

MeTOA 

Get-MeTOA HHAeKcaTopa 

op_Addition 

MeTOA 

Oneparop + 

°p_Equality 

MeTOA 

Oneparop == 

op_Inequality 

MeTOA 

OnepaTop != 

remove_AnEvent 

MeTOA 

MeTOA yttajieHHH odpadoroiica co6hthh 

set_AProperty 

Matoa 

Set-MeTOA AOCTyna CBoftcTBa 

set_Item 

MeTOA 

Set-MeTOA HHAeKcaTopa 
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B3auMOAeftcTBue c Heynpae/ineMbiM koaom 

.NET Framework odaaAaeT mhoaccctbom npeHMymecTB nepeA ApyrnMir nAaTcjwpMaMH 
pa3pa6oTKii. Bnpo'ie.vi, a n mi> HeMHorne Ko.vinaimii MoryT noaiio.im b ce6e 3aHOBO cnpo- 
eKTiipoBaTb h peajiH30BaTb Becb cymccTiiyiomiih koa. Ko.vniamia Microsoft nomiMaeT 
3to, iiootomv cpeAa CLR 6buia cnpoeKra ponana TaK, >no6bi npnjioaceHHa \ior.m co- 
CTOHTb KaK H3 yil|)aii./IMCMblX, TaK H H3 IlCyHjiaii. lMCMblX KOMnOHeHTOB. A eCAII rOBOpHTb 
KOHKpeTHee, CLR noAAepacuBaeT Tpn cnenapna H3an.vio/i,ciicTiHiii: 

ynpaBJiHeMbiii koa MonceT Bbi3biBaTb HeynpaBJiaeMbie (JjyHKunn H3 DLL c nc- 
11 o./i 1)3)0uai 111 e\i MexaHH3Ma P/Invoke (coKpamemie ot «Platform Invoke»). B koiihc 
kohaob, MHorne Timbi, oiipcyte.'iHe.Mbie b FCL, bo BHyTpeHHefi peajiH3an,Hii Bbi3biBaioT 
<j)yHKUHH, ;)icciio|)Tnpyc.vibie H3 Kernel32.dll, User32.dll h t. a. Muon-rc h3mkh nporpaM- 
MHpoBAHHH npeAOCTaBAHiOT cpeACTBa, ynpomaromne Bbi30B HeynpaBAJieMbix (jayHKAHH 
i-i3 DLL b yiipais.MMe.woM koac. Hanpimep, npii./ioacenne C# mcokct Bbi3BaTb (jiyuKiui 10 
CreateSemaphore, OKcnoprapyeMyio 6 h6ahot6koh Kernel32.dll. 

ynpaBAaeMbifl koa mojkct ncnoAb30BaTb roTOBbie KOMnoHeHTbi COM. MHonre 
KOMnaHHH yate peajiH30Bajra 6oAbmoe koahhcctbo HeynpaBJiaeMbix KOMnorreHTOB 
COM. Ha ocHOBe 6 h6ahot6K thiiob 113 arax KOMnorreHTOB moacho co3AaTb ynpaBAne- 
Myio c6opKy c omicannc.vi lioviiionema COM. ynpaa/meMbih koa odpamaeTCH k THny 
m 3 ynpaBJiaeMoir c6opKH to>i no TaK ace, KaK k a looo.viy ApyroMy ynpaBAneMOMy THny. 
3a AonoaHHTeAbHOH mi(|)op\iai[,ncii odpamaincch k omicaHHio nporpaMMbi Tlblmp.exe, 
BxoAHmeH b nocTaBKy .NET Framework SDK. 

HeynpaBJiaeMbift koa vtoaceT HcnoAbaoBarh ynpaBAneMbin ran. Bo. ibiiiaa nacTb 
cyineci byiomem HeynpaBAaeMoro koaa Tpe6yeT naan mum KOMnoHeHTa COM. TaKHe 
KOMnoHeHTbi ropa3AO npome peaAimyiOTCH c ynpaBaaeMbiM koaom, mto mo.mho.imct H3- 
6eacaTb cayace6Horo koaa, CBH3aHHoro c noAcneTOM ccbniOK h MHTeptJjeircaMH. HanpiiMep, 
Ha C# MoacHO HanncaTb ojicmciit ynpaBAeroiH ActiveX hah pacmupemie KOMaHAHoro 
npon,eccopa. 3a AonoAHHTeAbHoti HH(|)opMaLi,iieH oopamainccb k onncamno nporpaMM 
TlbExp.exe h RegAsm.exe, bxoahiahx b nocraBKy .NET Framework SDK. 

n PM M EH AH ME 

HTo6bi noMOHb pa3pa6oTHMKaM b HanucaHnn nporpaMM, B3anM0AefiCTByi0LAnx c MamnH- 
HbiM koaom, KOMnaHna Microsoft onyb/iMKOBana hcxoahwh koa nporpaMM Type Library 
Importer h P/Invoke Interop Assistant. 3 th nporpaMMbi h hx ncxoAHbm koa moxho 3a- 
rpy3HTb no aApecy http://CLRInterop.CodePlex.com/. 

B Windows 8 Ko.vniamia Microsoft BBeaa hobhh inrrepcjx'nc npHKAaAHoro nporpaM- 
Mii|)oiianna, Ha3biBaeMbiti Windows Runtime (WinRT). Ero miyipcnimn peaAH3an,iia 
oaanpycTCM Ha KOMnoHeHTax COM, ho bmccto dndAHOTeKii ranoB KOMnoHeHTbi COM 
onncbiBaiOT CBoti API b CTaHAapTe MeTaAaHHbix ECMA, coa/uumoM padoneii rpynnoti 
.NET Framework. O./ieram noc i b pememia aaicnoMacTCM b tom, mto koa, HaniicaHHbiii 
Ha H3biKe .NET, mo>kct (b ochobhom) ./ienco B3anM0AeticTB0BaTb c WinRT API. CLR 
odecnemiBaeT Bee B3aHM0AeiicTBHe c COM bo BHyTpeHHeti peaAH3au,HH, BaM iioodme 
He npriAeTca ncnoAb30BaTb AonoAHiiTeAbHbie cpeACTBa — Bee npocra padoTaeH 3a 
noApodHOCTHMH o6pamaHTecb k mane 25. 


jiaea 2. KoMnoHOBKa, 
ynaKOBKa, pa3BepTbiBai-me 
II aAMMHMCTpMpOBaHMe 
npmiO>KeHMM II TI/lflOB 


I IpeacAe '(cm nepefiTH k r.iaiia.M, oimcbiiiaiomn.M pa3pa6oTKy nporpaMM ;u : ia Microsoft 
.NET Framework, AaBaiiTe odcyAHM Bonpocbi co.3/i,amia, ynaKOBKii h paaiicp'i biiiamia 
npHjioaceHHH hiixthiiob. B stoh rnaBeaiaicm CAcaaii HaocHOBaxco.3/iaHHM komiioiicii- 
tob, iipeAiiaaiiaaemibix hck.iiomhtc./iijIio ,vim BamuxnpiuioKCiiirii. B rnaBe 3 paccKa3aHO 
o pa/i,e 6ojiee caoachmx, ho oaeiib BaacHbix KOHn,enn,HH, b tom 'ihcjic cnoco6ax co.3aafih>i 
h ii|)HMCi(cmiM c6opoK, coAcpacaimix KOMnoHeHTbi, iipcvoiaaiiaacmibic Rjia ncnojib30Ba- 
hhh coBMecTHOc/[pvTHMii npHAoaceHHflMH. B 3Toii h cjieayiomcii raaBaxraiOKCnoKa3aHO, 
KaK a/CMiimiCTpaTop moxkct bahhtb Ha iicnojiHeHiie iipii.ioa-ccima h ero thhob. 

CoBpeMeHHbie npruioaceHtra coctoht h3 tihob, KOTopbie co.aaaiOTCM caMiiMii pa3- 
pa6oTHIIKaMH HJIH KOM 11311 KCii Microsoft. IIOMHMO .9TOIO, npOH,BeTaeT I [.e.'iaM OTpaCJIb 
nocTaBmriKOB KOMnoHeHTOB, KOTopbie i(Cii(). ; ib;iyiOTCM ApyniMH kom 11 aim a mu a a a ycKO- 
peHi-in pa3pa6oTKii npoeKTOB. Trmbi, peajiH30BaHHbie npn iiomoiuk a.3biKa, oprieHTirpo- 
BaHHoro Ha odmcHabiKObyio ircnoAHmomyio cpcay (CLR), cnoco6Hbi jierKO pa6oTaTb 
Apyr c ApyroM; npri atom 6a30Bbifi KAacc TaKoro Tuna momcct 6biTb iiarmcaii Ha ApyroM 
H3biKe nporpaMMirpoBaHHH. 

B stoh rnaBe oObaamcTCM, KaK sth THnbi coaAaiOTca h yiiaKoisbiisaio'ccM b (fiaiTAbi, 
npc/oiaanaacmibic aah pa3BepTbiBaHim. B npon,ecce h3. : io>kciiiim aactcm KpaTKHH hcto- 
pHHecKHH o63op HeKOTopbix npodAeM, pemeHHbix c npnxoAOM .NET Framework. 


3aAanii pa3BepTbiBaHnn b .NET Framework 

Bee roAbi CBoero cymeci iioisaiiiiM onepan,noHHa5i cucTeMa Windows «cjiaBiuiacb>> nc- 
CTadruibHOCTbio h 'tpea.Mcpiioii CAoacHOCTbio. TaicaM pe 1 (yean km, aacAyaceimaa iiah iict, 
CAoacHAacb no paAy npirmin. Bo-nepBbix, Bee ii|)ii. ; io>KCimM HcnoAb3yiOT AHHaMHnecKH 
noAKAronaeMbie 6 i-i6aiiotckii (Dynamic Link Library, DLL), co3AaHHbie Microsoft 
h ApyrriMii npori3BOAHTeAHMH. IlocKOAbKy npHAoaceHiie HcnoAHJieT koa, HanncaHHbiH 
pa3HbiMH npoii3BOAHTeAHMH, Hii oahh pa3pa6oTHHK KaKOH-Aii6o nacTH nporpaMMbi He 
MoateT 6biTb Ha 100 % yBepeH b tom, hto tohho 3HaeT, KaK Apynre co6npaiOTCH npiiMeHATb 
C03AaHHbiii hm koa. B Teopnn TaKaa CHTyairnn 'ipenara Aio6biMH HenoAaAKaMH, ho Ha 
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npaKTHKe B3aHM0AeftcTBHe koaob ot pa3Hbix npoH3BOflHTejieii peAKO co3AaeT npo6jieMbi, 
TaK KaK nepeA pa3BepTbiBaHiieM npHAoaceHHH TeempyiOT h OTAaaciiBaiOT. 

Oahako nojib30BaTejiH nacTO CTa. : ii<niiaiOTCM c npodaeMaMii, icor/yi npoii3BOAHTeAb 
pemaeT o6hobhtb nocTaBjieHHyio iim nporpaMMy h npeAOCTaBAneT hobmc c^aiijibi. Ilpe/i,- 
nojiaraeTCH, hto hobhc (JiafiAbi odecnemiBaiOT «o6paTHyio coBMecTHMOCTb» c npeacHiiM 
nporpaMMHbiM odecneneHHeM, ho kto 3a sto nopynHTCH? Oaiio.yiv ri])o 1131ro/rHie.i k), 
BbinycKaiomeMy odHOBAemre CBoeit nporpaMMbi, (jjaKTimecKii He noA cmiy 3aHOBO 

npoTecTupoBaTb h OTjiaAHTb Bee cymecTByromne npnjioaceHHH, HTo6bi ydeAHTbcn, hto 

H3MeHeHiia npn o6HOBJieHim He BjieKyT 3a co6oii iioicejiaTCJibiii.ix rlocarc/rci iiH ii. 

YBepeH, hto KaacAbiH aiiTaiomnii 3Ty lomry cTajiKiiBajicac tohhjih hhoh paanoiui/i,- 
HOCTbio npo6jieMbi, Kor^a nocne ycTaHOBKii HOBoro npruioaceraiH Hapymajiacb pa6oTa 
oahoh (hjih HecKOJibKiix) H3 ycTaHOBJieHHbix paHee nporpaMM. 3Ta npo6jieMa, HaBO- 
AHmaa yacac Ha pa/yiisi.ix nojib30BaTejieH KOMnbiOTepoB, nojiyarijia Ha3BaHiie <<KoniMap 
DLL». B lanieaiiOM HTore nojib30BaTejiH aoa ac iii>i KaK cjic/ivct oOAy.vunb, ctoht jih 
ycTaHaBjiiiBaTb hoboc nporpaMMHoe odecneneHiie Ha hx KOMnbiOTepbi. JIiihho h BOo6me 
OTKaa.ajiCM ot ycTaHOBKii iiCKOxopbix npHjioaceHHH H3 miaceima, tio ohii HaHecyT BpeA 
Han6ojiee BaacHbiM aah MeHH nporpaMMaM. 

BTopoii cjiaKTop, noB jhihbihhh Ha penyTauiiio Windows, — CAoacHOCTii npn ycraHOBKe 
npHjioaceHHH. BoAbiniiHCTBO npHjioaceHHH npn ycTaHOBKe yMyapmoTOi <<npocomiTboi>> 
bo Bee 'lac™ onepau,HOHHOH ciicrcMbi. Hanpimep, npn ycTaHOBKe npHjioaceHHH nponc- 
xoaht KoniipoBamie (JiaiuiOB b pa3Hbie KaTajiom, MOAHcjuiKanna napaMeTpoB peecTpa, 
ycTaHOBKa hpamkob h ccbuioK Ha padonnii ctoji (Desktop), b MeHio riycK (Start) h Ha 
naHejib dbiCTporo 3anycKa. IlpodjieMa b tom, hto npiiAoaceHiie — sto hc OAHHOHHan 1130 - 
anpoBaHHaa cymHOCTb. HeAb3H aerKO h npocTO C03AaTb pe3epBHyio Komno npiiAoaceHHH, 
iiocico. ibicy, KpoMe (jiarijmis npnaoaceHHH, iipiiacrca cKoniipoBaTb (XiOTiiCTCTisyiomiie 
nacTH peecTpa. Bxooaiioic, iieab.ia npocTO ii.shti, h nepeMecTHTb npHaoaceiiHC c oahoh 
MamiiHbi Ha apyryio — jyia stoto HyacHO 3anycTHTb nporpaMMy ycTaHOBKii eipe pa3, hto- 
6bi KoppeKTHO CKoniipoBaTb Bee (jjaiiabi h napaMeTpbi peecTpa. HaKOHen,, npHaoacciiHc 
He Bceraa npocTO y/uuirn i) — ncpe/pco bbiacimeTCH, tio fcakah-to ero nacTb iiprnarijiacb 
ryre-ao BHyTpn KOMnbiOTepa. 

TpeTiiii (JiaKTop — 6e3onacHOCTb. IIpH ycTaHOBKe npHjioaceHHH 3anncbiBaeTCH 
MHoacecTBO (jiarijioii, cooxamibix caMbiMii pa3HbiMH Ko.vmamiaMu. Bao6abofc, MHonie 
bc6-ii|)ii. ; io>iceiina (Hanpimep, ActiveX) aa'iacayio coaepacaT nporpaMMHbiii koa, ko- 
Topbiii caM 3arpyacaeTca 113 HHTepHeTa, o >ie m i i o. i b.io na i eji h aaace He iioxoopeisaiOT. 
Ha coBpeMeHHOM ypoBHe 'rexiio.ioniii TaKoii koa MoaceT bbiiio. iim i r, .11061,ic achctbh a, 
lac.no'iaa yxajieiiue())aii./ioii h paccbiAKy sjiCKTpoimoii noHTbi. I lo. ib.iObaiejm cnpaBCA- 
aiibo onacaiOTCH ycTaHaBAiiBaTb HOBbie ii|)ii. ; ioaceiiiia H3-3a yrpo3bi iioieiimiajiiaiom 
BpeAa, KOTopbiii MoaceT 6biTb HaHeceH hx KOMnbiOTepaM. /[.ih Toro hto 6 m i lo. rb.ioiiaa t'jrit 
HyBCTBOBajiH ceoa cnoKoimee, b cucTeMe AoaacHbi 6biTb BCTpoeHHbie (jiyiiicmm 3amiiTbi, 
no3BOJunomne hbho pa3pemaTb iiah 3anpemaTb AOCTyn k CHCTeMHbiM pecypcaM KOAy, 

C03AaHH0My TeMH HAH IIHblMH ICOMliailll MM II. 

KaK noKa3aHO b stoh h CAeAyromeii iviaiiax, ii. ; ia:i<|:K)|)Ma .NET Framework b 3Ha- 
HiiTeAbHOH Mepe ycTpaHHeT <<KomMap DLL» h AeaaeT cymecTBeHHbiii mar BnepeA 
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k pememiio 11poOAe.vi p,i, cmi.iaipnoii c pacnpeAeAemieM ,p,amip>ix npiuioacemm no Been 
onepan,HOHHOH cncTeMe. Hanpimep, b otaii'phc ot moacapi COM HHC^opMapmo o kom- 
noHeHTaxy>icc He iiv'/Kiio coxpaHHTb b peecTpe. K coacajieimio, npHAoacemi mm noica emc 
'rpeoyiOTCM ccbuiKii h apjibiKii. CoBepmeHCTBOBamie cncTeMbi aamirna cim.iauo c hoboh 
MOA ejibio 6e3onacnocTH njiaT(J)opMbi .NET Framework — 6 e 3 onacHOcmbm doemyna Ha 
ypoene xoda (code access security). Ecjiii 6 e3onacHOCTb cncTeMbi Windows ocHOBaHa Ha 
HACHTHcjaiiKauini noAb 30 BaTCAH, to 6 e 3 onacHOCTb aocayna Ha ypoBHe KO/pi ocHOBaHa Ha 
npaBax, KOTopbie KOHTpojmpyiOTCH xoctom npHAoacemiH, aarpyacaromriM KOMnoHCHTbi. 
CeTeBoe npHAOAcemie (TaKoe, iaiK Microsoft SQL Server) mo/icct iipe/yicaaiuiTP) koav 
MIIHIIM ajIbHbie IIO. IIIOMO'IIIM, B TO lipCMM KaK JIOKajIbHO yCTaHOBJieHHOe PI])P1.'IO>KCII PTC BO 
BpeMH CBoero isiiIiio. iiktpipm mo>kct HMeTb ypoBeHb nojiHoro AOBepim (co isce.vtri nojiHO- 
mohhhmh). Kax bhahtc, ii. : iaT<j)opMa .NET Framework npe/tocTaBjiaeT p io. p i>3>olia peai^p .vt 
H aMHoro 6o.:ii,ine B 03 M 0 acH 0 CTeii no kohtpojho iia/i, tcm, hto yc'iaiiaii. iiiiiac'ica h bm- 
nojiHJieTCH Ha hx Mamimax, ueM Kor/ia-undo AaBajia hm cucTeMa Windows. 


Kois/moHOBKa Ti/inoB b MOfly/ib 

B 3tom pa.3ACAC paccKa3biBaeTCH, KaK npeBpaTHTb <))aii./i, coAepacamuri hcxoahkh koa 
c pa3HbiMH THnaMii, b (fiaiiA, npuro/iPibin aah pa3BepTbiBaHiia. /fjiH Hanajia paccMOTpriM 
CACAyioinec npocToe ii|)ii. ; io/Keiuic: 

public sealed class Program { 
public static void Main() { 

System.Console.WriteLine("Hi")l 

} 

} 

3aoci, onpeneneH ran Program c cyp.iiiici ucipip p>im CTaranecKHM OTKpbiTbiM mctoaom 
Main. BHyTpn Merana Main HaxoAHTcn ccbijiKa Ha Apyroii ran — System. Console. 
3tot ran pa3pa6oTaH b KOMnaHim Microsoft, h ero nporpaMMHbiii koa Ha rirmiKC IL, 
peajni3yiomHH ero mctoah, HaxoAHTCH b (Jparuie MSCorLib.dll. TaxriM o6pa30M, AaHHoe 
npruioacemie oiipe;pe. : iaeT coocTisemiijiii ran, a raiOKe ncnojib3yeT ran, co.i.aam 11,111 
Apyrofi KOMnaHnen. 

/(ah Toro uTodbi nocTporiTb 3to p 11) pi. poypceiine, coxpaHHTe 3tot koa b (jiaii.ie (Aony- 
cthm, Program.es, a 3aTeM iiaoepriTC b KOMaHAHoii crpoKe c.;iCA.vioinec: 

csc.exe /out:Program.exe /t:exe /r:MSCorLib.dll Program.es 

3Ta KOMaHAa npiiKa3biBaeT KOMmiAHTopy C# C03AaTb ncnoAHHeMbiii cjiaiiA Program, 
exe (hmh 3aAaH0 napaMeTpoM /out:Program.exe). Tun co3AaBaeMoro cJraHAa — koh- 
co. i 1 , 110 c iipii. : iO/Kemie Win32 (ran 3aAaH napaMeTpoM /t[arget] :exe). 

IIpii odpadoTKe <})aii./ia c ncxoAHbiM koaom komiiiiahtop C# o6iiapy>KnisaeT ccbiA- 
Ky Ha MeTOA WriteLine rana System.Console. Eia stom 3Tane komtehahtop aoaacch 
ydeAHTbcn, 'no stot ran cymecTiiycT n y Hero ecra mctoa WriteLine. KoMniiAHTop 
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Taicace npoBepneT, uto6m THnbi apryMenroB, npeAOCTaBnaeMbix nporpaMMofi, coBnaAann 
c oacHAaeMbiMii THnaMii MeTOAa WriteLine. IIocKOJibKy thii He onpeAeneH b hcxoahom 
KO/ i,e Ha C#, KOMraiuHTopy C# hco6xoahmo nepeAaTb Ha6op c6opoK, KOTopbie no3BO- 
aht eMy pa3peniHTb bcc ccbijikh Ha BHeniHiie THnbi. B noKa3aHHofi Ko.viaiiAC napaMeTp 
/r[ eference ]: MSCorLib .dll npiiKa3biBaeT KOMminaTopy bcctii noncK bhchihiixT imoB 
b c6opKe, HACHTHcj^imupyeMOH 4)afuiOM MSCorLib.dll. 

MSCorLib.dll — cncnnajibiibiir dpaikji, b kotopom naxoAMTCM Bee ocHOBHbie THnbi: 
Byte, Chan, String, Int32 h t. ji B /[.eiici iui rc./rr>[locr h , 3th THnbi hc iio.i r>,jy fotoi TaK 
nacTO, tio Ko.vmii. mTop C# odpamaeTcn k stoh c6opKe (MSCorLib.dll) amo.via'iTi'iccKii. 
/IpyniMH cjiOBaMH, cjie/iyioiuaoi KOMaii,aa (b Hen onymeH napaMeTp /r) /lacr tot ace 
pe3yjibTaT, uto ii npeAbiAyman: 

csc.exe /out:Program.exe /t:exe Program.es 

Bonee toto, nocicojibKy 3HaueHiiH, 3a/i,aHHbie napaMeTpaMii KOMaHAHoii CTpoKii 
/out: Program. exe h /t: exe, coBnaAaiOT co 3HaneHiiHMii no yMonuaHino, cneAyiomaH 
KOMaH/i,a AacT aHajiooinHbiH pe3ynbraT: 
csc.exe Program.es 

Ecjiii no KaKofi-TO npimime bbi He xotiitc, uto6m komiiiuimtop C# odpamanen 
k c6opKe MSCorLib.dll, Hcnojib3ynTe napaMeTp /nostdlib. B KOMnaHHH Microsoft stot 
napaMeTp iicim.ib.aycTCM npn nocTpoeHini cdopiai MSCorLib.dll. I lanpii.viep, bo BpeMH 
HcnojiHemiH cneAyiomeH KOMaHAbi npn KOMniiuMium cjiaHna Program.es reHepupyeTcn 
onm6Ka, nocKOJibKy Tnn System.Console oiipcACAeii b c6opKe MSCorLib.dll: 

csc.exe /out:Program.exe /t:exe /nostdlib Program.es 

A Tenepb npncMOTpiiMca no6Aiiace k (Jjaitny Program.exe, C03AAHH0My KOMminaTopoM 
C#. L l io oh H3 cc6h npc/iciaii. iMCT? /[.Jim HanaAa sto CTaHAapTHbiii cjiaiin b (jiop.viaTe PE 
(portable executable). 3to 3HauHT, uto Mainima, padoTaiomaji noA ynpaBnemieM 32- hah 
64-pa3pHAHoii Bepcnn Windows, cnocodHa 3arpy3HTb stot cjiaiiA h uT0-Hii6yAb c hhm 
CACJiai b. CucTeMa Windows iiOAAcp/icrmacT Asa Tima ripii. rO/Kcmiii: c KOHConbHbiMH 
(Console User Interface, CUI) h rpacjn-iuecKtiMti nonb30BaTenbCKHMii iiii'i'(‘|:)())ciica.viii 
(Graphical User Interface, GUI). IlapaMCTp /t: exe yKa3biBaeT Ko.vmn.iHTopy C# C03AaTb 
KOHCOAbHOe 11]) 11. I0>KCI I lie. /[./IM C0.3Aaill1 M 111) 11.7I0XCCI [ IIMl C rpacjlHUeCKHM HHTepcjieHCOM 
HeodxoAHMO yica3aTb napaMeTp /t :winexe, a aah co.iAann m ii|)ii. io/KCiiiim Windows 
Store - napaMeTp /t:appeontainerexe. 


Qatisi napaMeTpoB 

B 3aBepmeHiie paccKa3a o napaMeTpax KOMmiAHTopa xotcjioci, 6m cKa3aTb HecKOAbKo 
caob o (paiuiax napoMempoe (response files) — tckctobmx (fiaiinax, coAepxamux Ha6op 
napaMeTpoB KOMaHAHoii CTpoKii aah KOMmiAHTopa. Ilpn BbinoAHeHHH KOMmiAHTopa CSC. 
exe OTKpbiBaeTcn (})aii./i napaMeTpoB h ikmioaikiviotcii bcc yKa3aHHbie b iicm napaMeTpbi, 
KaK ecAH 6m ohh 6mah nepeAaHbi b cocTaBe KOMaHAHoii ctpokh. fDaii.i napaMeTpoB 
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nepe/raeTcn KOMimnHTopy nyTeM yKa3aHiiH ero b KOMaH/iHOH CTpoKe c npecjniKCOM 
HanpuMep, nycTb ecTb cjianji napaMeTpoB MyProject.rsp co cjie/ryiomHM tckctom: 

/out:MyProject.exe 
/target:winexe 

Toro '{too bi komiiii.t strop (CSC.exe) ncnojib30Baji .ot it napaMeTpbi, h6o6xo/i,hmo 
B bi3BaTb cjianji cjieayiomHM o6pa30M: 
esc.exe @MyProject.rsp CodeFilel.es CodeFile2.cs 

3ia CTpoKa coo6maeT KOMnnjiHTopy C# iimh BbixoAHoro 4>afijia n Tim ckomiihjih- 
poBaHHoii nporpaMMbi. O'leiiii/pio, hto cjiaiuibi iiapa.vicipoii iicK. iio'iiric.ibiio nojie3Hbi, 
TaK KaK KiaoaitniiOT ot hcoSxoahmocth ispynivio iiiio;ihtI) bcc apryMeHTbi KOMaii.iiioii 
CTpoKii KaacubiH pa3 npn KO.Mim. iannn npoeKTa. 

Ko.Miiii./iaTop C# nonycKaeT ricnojib30BaHiie HecKOJibKiix cjiaiuiOB napaMeTpoB. IIo- 
MIIMO HBHO yKa3aHHbIX B KOMaHAHOH CTpOKC (J)aHJIOB, KOMmiJIHTOp aBTOMaTHHeCKII IIH[eT 
(Jiafiji c hmciicm CSC.rsp b TeKymeM KaTanore. Komiiii.thtop taioicc npoBepaeT KaTanor 
c cjiaii.io.M CSC.exe Ha iinaric rjio6anbHoro ())aii.;ia napaMeTpoB CSC.rsp, b kotopom 
cjie/iyeT yKa3biBaTb napaMeTpbi, OTiiocaiimeca ko bccm npoeKTaM. B npoiiecce CBoen 
pa6oTbi KOMraiJiHTop o6be/iiiHHeT napaMeTpbi H3 Bcex <|)aiijrois n ncnojib3yeT nx. B cjiynae 
KOHijMiiKTa napaMeTpoB b r. ro6ai. rr>11 i>i x n jioicajibHbix <|:)aii.;iax npe/pio'irenne oi/taci'ca 
nocjie/nniM. KpoMe toto, jno6bie hbho 3a/i,aHHbie b KOMaHAHofi CTpoKe napaMeTpbi iimciot 
6ojiee BbicoKHH npnopnTeT, ucm yKa3aHHbie b jioKanbHbix cjiafuiax napaMeTpoB. 

Ilpn ycTaHOBKe nuaTcjiopMbi .NET Framework no y.MO./i'iamno rjio6ajibHbin (jiaii./r 
CSC.rspycTaHaBjniBaeTCHB KaTanor %SystemRoot%\Microsoft .NET\Framework(64)\ 
vX.X.X (rue X.X.X — isepcria ycTaHaBJiriBaeMofi nnaTcjiopMbi .NET Framework). 
I [oaeiimaa iscpciiH otoko (jiaitia co/icpacirr c. : ie/i,yioiuiie napaMeTpbi: 

# 3tot 4>a (in coflep>KMT napaMeTpbi KOMaHflHoii ctpokm, 

# KOTOpbie KOMnU/lFITOp C# KOMaHflHOii CTpOKIH (CSC) 

# 6yAeT o6pa6aTbiBaTb b ioskaom ceaHce KOMnn/inumij 

# ecan TOAbKO He 3aflaH napaMeTp "/noconfig". 

# CcbiAKM Ha CTaHflapTHbie 6n6AMOTeKM Framework 
/r{Accessibility.dll 

/riMicrosoft.CSharp.dll 
/r:System.Configuration.dll 
/r:System.Configuration.Install.dll 
/r:System.Core.dll 
/r:System.Data.dll 

/r:System.Data.DataSetExtensions.dll 

/r:System.Data.Linq.dll 

/r:System.Data.OracleClient.dll 

/r:System.Deployment.dll 

/r:System.Design.dll 

/r:System.DirectoryServices.dll 

/r:System.dll 

/r:System.Drawing.Design.dll 
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/r:System.Drawing.dll 

/r:System.EnterpriseServices.dll 

/r:System.Management .dll 

/r:System.Messaging.dll 

/r:System.Runtime.Remoting.dll 

/r:System.Runtime.Serialization.dll 

/r:System.Runtime.Serialization.Formatters.Soap.dll 

/r:System.Security.dll 

/r:System.ServiceModel.dll 

/r:System.ServiceModel.Web.dll 

/r:System.ServiceProcess.dll 

/r:System.Transactions.dll 

/r:System.Web.dll 

/r:System.Web.Extensions.Design.dll 

/r:System.Web.Extensions.dll 

/r:System.Web.Mobile.dll 

/r:System.Web.RegularExpressions.dll 

/r:System.Web.Services.dll 

/r:System.Windows.Forms.Dll 

/r:System.Workflow.Activities.dll 

/r:System.Workflow.ComponentModel.dll 

/r:System.Workflow.Runtime.dll 

/r:System.Xml.dll 

/r:System.Xml.Linq.dll 

B rjio6ajibHOM cjiafuie CSC.rsp ecTb ccbuiKH Ha bcc nepeHHCJieHHbie c6opKH, noaTO- 
My HeT Heo6xonHMOCTH yKa3biBaTb hx am 10 c iiomoiuuio napaMeTpa /reference. 3 tot 
( jiai-iji napaMeTpoB iicK.no i mTe;n>no y/po6e11 hjih paapafioi'n-iKois, TaK KaK no3BOJiaeT 
Hcnojib30BaTb bcc Tiinbi h npocTpaHCTBa n.vien, onpc/tcjieimiiie b paa./iirnibix ony6jm- 
KOBaHHbix K'OMiiainieii Microsoft c6opKax, He yica3biBaji hx Bee hbho c npiiMeHeHiieM 
napaMeTpa/reference. 

CcbijiKH Ha Bee 3th c6opKn MoryT HeMHoro 3a\ic/uinTPj pa6oTy KOMnruiHTopa, ho 
ecjiii b ncxo/niOM ico/pc HeT ccmjiok Ha THnbi hjih uieHbi oti-ix c6opoK, oto HincaK He 
CKa3biBaeTCH hii Ha peav.ibTiipyioiueM 4*aibie c6opKH, hii Ha iiponaixi/pnc./ibimcTii ero 
BbinojiHenita. 

nPMMEHAHME 

npn ncno/ib30BaHnn napaMeTpa /reference p,nn ccbmicn Ha KaKyio-an6o cbopicy mojk- 

ho yxa3aTb noaHbifi nyTb k KOHKpeTHOMy cfianay. OAHaxo ecnn Taxon nyTb He yxa3aTb, 

KOMnnaaTop 6yfleT wcxaTb HyxHbin cfiatia b caeAyromnx MecTax (b yxa3aHH0M nopaAxe). 

Pa6oHMH KaTanor. 

KaTaaor, coAepxaLAHn cf>ana caMoro KOMnwaaTopa (CSC.exe). En6anoTei<a MSCorLib. 

dll BcerAa M3BaeKaeTca n3 3Toro xaTaaora. IlyTb k HeMy HMeeT npwMepHO caeAyiOLAHn 
bha: 

- %SystemRoot%\Microsoft.NET\Framework\v4.0.#####. 

- Bee KaTaaorn, yxaaaHHbie c ncnoab30BaHneM napaMeTpa /lib KOMnnaaTopa. 

- Bee Kataaorn, yxaaaHHbie b nepeMeHHoPi OKpyxceHi/ia LIB. 
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Kohchho, bh BnpaBe aodaBAHTb co6cTBeHHbie napaMeTpbi b iviooa. ibiibiii <})aii. : i CSC. 
rsp, ho 3TO CHjibHO ycaoacHiieT penjiiiKauHio cpe/tbi komhohobkii Ha pa3Hbix Mamimax — 
npiixoAHTCH noMHHTb npo o6HOBjieHiie (Jjaftjia CSC.rsp Ha Bcex Mann-max, ncnojib3yeMbix 
Aah c6opKii npujioaceHiiH. Moscho Taicsce aaTb KOMnnanTopy KOMaH/ty iiraopupoBaTb 
KaK jiOKajibHbiii, TaK h rjio6ajibHbiii cj)afijibi CSC.rsp, yKa3aB b KOMaii.pioii expo ice na- 
paMeTp /noconfig. 


HecKO/ibKO cjiob o MeTaflaHHbix 

Uto ace HMeHHO HaxoAHTCH b tjtaHae Program.exe? ynpaBaneMbiii PE-tjtaHa coctoht 
H3 4-x 'lacTcri: aaionomca PE32(+), 3aroaoBKa CLR, MCTa/i,aiiiibix h ia)/i,a Ha npoMeacy- 
tohhom M3I.IKC (intermediate language, IL). 3aroaoBOK PE32(+) xpaHHT CTaii/p,apTiiyio 
ini()) 0 |)Maii,ii io, O/Kri/iae.viyio Windows. 3aroaoBOK CLR — 3to iieoo.nunori 6jiok iih- 
diopMauiTH, cneitHcjDHUHOH /pm MO/ryaeii, Tpedyromux CLR (ynpaBaaeMbix MO/tyaeii). 
B Hero bxoaht crapn i n ii h .vuia/pim ii HOMepa Bepcrai CLR, aaa KOTopoii CKOMnoHOBaH 
Moayab, paa (JwiaroB h MapKep MethodDef (o HeM — nym no3ace), yica3biBaiomHH MeToa 
tohkh Bxoaa b Mo/iyjib, ecau 3to iiciio. iiiMCMbiii (jiaii.'i CUI, GUI rian Windows Store, 
a Taicace iieo6H3aTe.ip>iiyio ciiraaTypy CTpororo hmciih (oHa paccMOTpeHa b raaBe 3). 
HaKOHeu,, 3aroaoBOK coaepacHT pa3Mep h CMememie HeKOTopbix radjimj MCTaaaniip>ix, 
pacnoaoaceHHbix b Moayae. /lyui Toro uTodbi y3HaTb touhmh (Jjop.vtaT 3aroaoBKa CLR, 
H3ywre CTpyKTypy IMAGE_COR20_HEADER, onpeaeaeHHyio b (Ratine CorHdr.h. 

MeTaaaHHbie — sto 6aoK /rison>PIPP>IX .raiiiii.ix, cocpoamiiii H3 HecKoabKnx radjimi,. 
CymecTByioT pp pi KaTeropmi Tadann,: onpeaeaemiii, ccbiaoK h MaiiiirjiecTOii. B Ta6a. 2.1 
npiiBoaHTca onncaHHe HeKOTopbix Handoaee pacnpocTpaHeHHbix radjrau; onpeaeaeHiiii, 
cymecTByiomiix b 6aoice Mera/taHHbix Moayaa. 


Ta6jiMLia 2.1. OcHOBHbie Ta6nmj,bi onpeAeneHnti b MeraAsm-ibix 


Mmh Ta6/ini4bi 
onpeAe/ieHiiM 

OnucaHne 

ModuleDef 

Bceraa coaepaaiT oaHy 3anncb, HAeirrac[)nnnpyiomyio Moayab. 3anncb 
BKaionaeT iimh cjiaiwa Moayaa c pacmupemieM (6e3 yica3aHiiH nym k cjaait- 
ay) ii naeHTiicjjHKaTop Bepcitii Moayaa (b Biiae creHepiipoBaHHoro KOMnii- 
aaTopoM Koaa GUID). 3to no3BoaaeT nepenMeHOBbiBaTb (jjaiui, He TepaH 
cBeaeHiiii o ero hcxoahom iiMeHii. OaHaKo HacToaTeabHo peKOMeHayeTca 

He nepenMeHOBbiBaTb (jjaftji, imane cpeaa CLR MoaceT He Haiini cdopKy bo 
BpeMH BbinoaHeHiiH 

TypeDef 

CoaepaaiT no oahoh 3anncii aaa Kaacaoro rrma, onpeaeaeHHoro b Moayae. 
Kaacaaa 3anncb BK/nouaeT hmh Tuna, 6a30Bbiii Tim, cjwiani cdopicii (public, 
private n t. a.) h yKa3biBaeT Ha aamrcrr Tabanij MethodDef, PropertyDef 
h EventDef, coaepacamne eooTBeTCTBeHHo CBeaeHHH o MeToaax, CBOHCTBax 
ii codbiTiiHx aToro rima 
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Mmsi Ta6/ini4bi 
onpeAe/ieHMM 

OnucaHMe 

MethodDef 

CoAepxciiT no oahoii 3anncn aah KaxcAoro MeTOAa, onpeAeAeHHoro b MOAy- 
Ae. KaxcAaH CTpoica BKAiouaeT iimh MeroAa, cjiAarii (private, public, virtual, 
abstract, static, final h t. a.), curaaTypy h CMenjeHne b MOAyAe, no KOTopo- 
My HaxoAHTca cooTBeTCTByioniHii IL-koa. KaxcAaa 3anncb Taicxce MoxceT 
ccbiAaTbca Ha 3anncb b TadAiiije ParamDef, rAe xpaHHTca AonoAHiiTeAb- 
Hbie CBeAemia o napaMeTpax MeTOAa 

FieldDef 

CoAepxciiT no oahoii 3aniicn aah KaxcAoro noAH, onpeAeAeHHoro b MOAy- 
Ae. KaxcAaa 3anncb coctoht H3 cjiAaroB (HanpiiMep, private, public ht.a.) 
h Tima noAH 

ParamDef 

CoAepxciiT no oahoii 3anncn aah KaxcAoro napaMeTpa, onpeAeAeHHoro 
b MOAyAe. KaxcAaH 3anncb coctoht 113 cjixaroB (in, out, retval 11 t. a.), 

Tima 11 HMeHii 

Property Def 

CoAepxciiT no oahoii 3anncn aah KaxcAoro CBOHCTBa, onpeAeAeHHoro b mo- 
AyAe. KaxcAaa 3anncb BKAiouaeT iimh, cjiAam, Tim 11 BcnoMoraTeAbHoe noAe 
(OHO MOXCeT 6bITb nyCTbIM) 

EventDef 

CoAepxciiT no oahoii 3anncn aah KaxcAoro codbiTiia, onpeAeAeHHoro b mo- 
AyAe. KaxcAaa 3anncb BKAiouaeT iimh ii cjiAarii 


/[./i 'a KaacAofi cymHOCTH, onpeaejraeMOH b KOMniijuipyeMOM hcxoahom tckctc, kom- 
rouiHTop reHepupyeT CTpoKy b o/inoii 113 ia6. : i 1111 ,, iicpcinc./icmibix b Ta6ji. 2.1. B xoac 
KOMmuiHumi iicxoAHoro TCKCTa KOMrauiHTop TaKace o6HapyaciiBaeT tihim, nojia, MeTOAbi, 

CBOHCTBa H COOblTIIH, Ha KOTOpblC HMCFOTCH CCbUIKII B HCXOAHOM TeKCTe. Bee CBCACH II 3 

o iiaHAomibix cymiioc iMx peniCTpHpyiOTCH b hcckoabkiix Ta6jiim,ax ccbuioK, cocraB- 
Amomux MCTa,i,aiiiiP)ic. B ■lao.'i. 2.2 noica3aHbi iiCKO iopbic iiaii6o./icc pacnpocTpaHeHHbie 
Ta6jinubi ccbuioK, KOTopbie bxoaht b cocTaB MCTa/i,amibix. 


Ta6jimjia 2.2. 06mi/ie TaOrmubi ccbmoK, BX0A^Lu,ne b MeTaAam-ibie 


Mmsi Ta6/im4bi 
CCblJlOK 

OnucaHi/ie 

AssemblyRef 

CoAepxciiT no oahoii 3anncn aah KaxcAoii cdopicit, Ha KOTopyio ccbiAa- 
eTCH MOAyAb. KaxcAaa 3anncb BKAiouaeT cbcachiih, HeodxoAiiMbie aah 
npiiBH3KH k cdopice: ee hmh (6e3 yica3aHiifl pacmiipemiH 11 nyra), HOMep 
Bepciiii, periioHaAbHbie CTaHAapTbi h Mapicep OTKpbiToro KAioua (odbumo 

3to HedoAbmoii xem-KOA, co3AaHHbiii Ha ochobc OTKpbiToro KAioua 113 - 
AaTeAH 11 HAeHTiicjMiijiipyiomiiii ii3AaTeAH cdopicii, Ha KOTopyio ccbiAaeTca 
MOAyAb). KaxyiaH 3anncb TaKxce coAepxciiT HecKOAbKO cjxnaroB 11 xem-KOA, 
KOTOpblll AOAXCeH CAyXCIITb KOHTpOAbHOii CyMMOII 61 ITOB cbopKII. CpeAa 

CLR noAHOCTbio iiraopiipyeT stot xem-KOA h, BepoHTHO, 6yAeT iiTHopiipo- 
BaTb ero b 6yAymeM 


npodojiwemie # 
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Ta6/uma 2.2 (npoAonxeHMe) 


Mmh Ta6/im4bi 
CCblJlOK 

Ormcarme 

ModuleRef 

Cop,ep5KHT no OAHOH 3anncii aha Ka*Aoro PE-MOAyAH, peaAH3yiomero 

Tunbi, Ha KOTopbie oh cebuiaeTCH. KaxcAaa 3aniicb BKAiouaeT hmh (Jpaftjia 
cbopKH 11 ero pacmupeHiie (6e3 yica3aHHH nyTii). 3Ta Tabjunja cjiyxciiT 

AAH npiIBH3KH MOAyJIH BbI3bIBaiOIHeH c6opKH K TimaM, peajHI30BaHHbIM 

B Apynix MOAyAHX 

TypeRef 

CoAepsKiiT no oahoh 3anncH aah Ka*Aoro Tima, Ha KOTopbiii cebiAaeTCH 
MOAyAb. KaxAan 3anncb BKAiouaeT hmh Tima 11 ccbiAKy, no KOTopoft moacho 
ero HaHTH. Ecah stot Tim peaAii30BaH BHyTpii Apyroro Tima, 3anncb co- 
AepACHT ccbiAKy Ha eooTBeTCTByiomyio 3anncb TadAinjbi TypeRef. Ecah 

Tim peaAH30BaH b tom Ace MOAyAe, npiiBOAHTCH ccbiAKa Ha 3anncb TadAii- 
ijbi ModuleDef. Ecah Tim peaAH30BaH b ApyroM MOAyAe Bbi3biBaioineH 
cdopKii, npiiBOAHTCH ccbiAKa Ha 3anncb TadAinjbi ModuleRef. Ecah Tim 
peaAH30BaH b Apyroii cdopKe, npiiBOAHTCH ccbiAKa Ha 3anncb b TadAiipe 
AssemblyRef 

MemberRef 

CoAepsKiiT no oahoh 3anitcH aah KaACAoro UAeHa Tima (noAH, MeTOAa, 
a TaK*e CBOHCTBa hah MeTOAa codbraiH), Ha KOTopbiii cebiAaeTCH MOAyAb. 
KajKAaa 3anncb BKAiouaeT hmh h curaaTypy UAeHa 11 yica3biBaeT Ha 3anncb 
TadAiiijbi TypeRef coAepAcayyio CBeAemiH 0 Time, onpeAeAHioniiiM stot 
UA eH 


Ha caMOM /ic.'ic xao. in 1 p .vicra/iaiiiibix HaMHoro 6 ojibine, mcm noKa3aHO b Ta 6 ji. 2.1 
h 2.2; h npocTO xoTeji naTb o 6 m.ee npeACTaBjieHHe 06 ip iicfiopManiriT, iicnojib3yeMon kom- 
nHjiHTopoM a.;ih C037iamT>T MC'i a.'pump^x. PaHee yace ynoMimajiocb o tom, mto b cocTaB 
MeTaAaHHbix bxoaht Taioicc Ta 6 jiim,bi Maiiiipjxx'TOii. O hiix mh noroBopiiM nyTb iio.3>kc. 

iVlcTa/uuiiiPiie ynpaBjiaeMoro PIi-pjiaii.ia mojkho iiayiaTi, npn noMomii paaan■ 1 111,1 x 
HHCTpyMeHTOB. JI ii'ino a 1 ipe/pi ionliralo ILDasm.exe — AiiaacctxYiDAep H3bnca IL. /fin 
toto HTo6bi yis pp/tcp ia co/pc|)'/KTiMoe Ta6.TPin Meia/paiiiiijix, psi>p 1 m.;i 11 pi p e c. : ie;pyioinyio ko- 
Man/py: 

ILDasm Program.exe 

3anycTiiTCH (j)ai“ui ILDasm.exe h 3arpy3iiTCH c6opica Program.exe. /Ijih toto 
HT o6bi BbiBecTi-i MeTa/i,aHHbie b y/io6o i mTaeMOM Bii/ie, Bbi6epiiTe b MeHio KOMarr/ry 
View ► Metalnfo ► Show! (hjih HaacMHTe KJiaBHiuH Ctrl+M). B pe3yjibTaTe nonBiiTCH 
caeAyiomaH iiHtjiopMaiiHH: 


ScopeName : Program.exe 

MVID : {CA73FFE80D424610A8D39276195C35AA} 


Global functions 
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Global fields 


Global MemberRefs 


TypeDef #1 (02000002) 

TypDefName: Program (02000002) 

Flags : [Public] [AutoLayout] [Class] [Sealed] [AnsiClass] 
[BeforeFieldInit] (00100101) 

Extends : 01000001 [TypeRef] System.Object 
Method #1 (06000001) [ENTRYPOINT] 

MethodName: Main (06000001) 

Flags : [Public] [Static] [HideBySig] [ReuseSlot] (00000096) 

RVA : 0x00002050 

ImplFlags : [IL] [Managed] (00000000) 

CallCnvntn: [DEFAULT] 

ReturnType: Void 
No arguments. 

Method #2 (06000002) 

MethodName: .ctor (06000002) 

Flags : [Public] [HideBySig] [ReuseSlot] [SpecialName] 

[RTSpecialName] [.ctor] (00001886) 

RVA : 0X0000205C 

ImplFlags : [IL] [Managed] (00000000) 

CallCnvntn: [DEFAULT] 
hasThis 

ReturnType: Void 
No arguments. 

TypeRef #1 (01000001) 

Token: 0x01000001 

ResolutionScope: 0x23000001 

TypeRefName: System.Object 

MemberRef #1 (0a@00004) 

Member: (0a000004) .ctor: 

CallCnvntn: [DEFAULT] 
hasThis 

ReturnType: Void 
No arguments. 

TypeRef #2 (01000002) 

Token: 0x01000002 

ResolutionScope: 0x23000001 


npodojiMemie # 
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TypeRefName: System.Runtime.CompilerServices.CompilationRetaxationsAttribute 

MemberRef #1 (0a@00@01) 

Member: (0a00@001) .ctor: 

CallCnvntn: [DEFAULT] 
hasThis 

ReturnType: Void 
1 Arguments 

Argument #1: 14 

TypeRef #3 (01000003) 

Token: 0x01000003 

ResolutionScope: 0x23000001 

TypeRefName: System.Runtime.CompilerServices.RuntimeCompatibilityAttribute 

MemberRef #1 (0a@00@02) 

Member: (0a00@002) .ctor: 

CallCnvntn: [DEFAULT] 
hasThis 

ReturnType: Void 
No arguments. 

TypeRef #4 (01000004) 

Token: 0x01000004 

ResolutionScope: 0x23000001 

TypeRefName: System.Console 

MemberRef #1 (0a@00@03) 

Member: (0a00@003) WriteLine: 

CallCnvntn: [DEFAULT] 

ReturnType: Void 
1 Arguments 

Argument #1: String 


Assembly 

Token: 0x20000001 
Name : Program 
Public Key : 

Hash Algorithm : 0x00008004 
Version: 0.0.0.0 
Major Version: 0x00000000 
Minor Version: 0x00000000 
Build Number: 0x00000000 
Revision Number: 0x00000000 
Locale: <null> 

Flags : [none] (00000000) 
CustomAttribute #1 (0C000001) 

CustomAttribute Type: 0a0@0001 
CustomAttributeName: 
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System.Runtime.CompilerServices.CompilationRelaxationsAttribute :: 
instance void .ctor(int32) 

Length: 8 

Value : 01 00 08 00 00 00 00 00 > < 

ctor args: (8) 

CustomAttribute #2 (0C000002) 

CustomAttribute Type: 0a000002 
CustomAttributeName: 

System.Runtime.CompilerServices.RuntimeCompatibilityAttribute :: 
instance void .ctor() 

Length: 30 

Value : 01 00 01 00 54 02 16 57 72 61 70 4e 6f 6e 45 78 > T WrapNonEx< 

: 63 65 70 74 69 6f 6e 54 68 72 6f 77 73 01 >ceptionThrows < 

ctor args: () 

AssemblyRef #1 (23000001) 

Token: 0x23000001 

Public Key or Token: b7 7a 5c 56 19 34 e0 89 

Name: mscorlib 

Version: 4.0.0.0 

Major Version: 0x00000004 

Minor Version: 0x00000000 

Build Number: 0x00000000 

Revision Number: 0x00000000 

Locale: <null> 

HashValue Blob: 

Flags: [none] (00000000) 

User Strings 

70000001 : ( 2) L"Hi" 

Coff symbol name overhead: 0 


K CTacTbK), ILDasm ca.YiocTOMTe.TPuio o6pa6aTbiBaeT Tadjnmbi MCTanamibix h kom- 
6iiHiipyeT iiiujiopMauuio, noaTOMy ri o. i ia.30 ija'[C‘. iio nc iipi-ixo/unca 3amiMaTbCH ciiHTaK- 
CITMCCKHM pa36opOM HII3KOypOBHeBbIX Ta6./III 1 1[[F>IX AaHHblX. I laiipilMCp, B II|)I1I:C/I,CIIII()M 
cjppar.viem e hu/uio, 'no, iioi<a;si)ii:aa CTpoxy Ta6jinn,bi TypeDef, ILDasm bbiboaht nepen 
iicpnoii 3anHCbio Ta6jmn,bi TypeRef onpc/tc.Temie cooiTsci'cmyiomcm a.TCua. 

He ooaaa'i’e.Tpaio noHiiMaTb, hto oa.iiaaaeT Ka>i(/uui capoua otoi o /uim i ia — isaaoio 
3anoMHiiTb, ato Program.exe conepacHT b Ta6jmu,e TypeDef omicaHne THna Program. 
3tot ran rmeirni(})inuipyeT OTKpbiTbin .iaiie'iaiamibiii (sealed) KJiacc, npoii3BO/LHbifi 
ot System.Object (to ecra 3to ccbuiKaHa inn 11 . 3 /tpyrori cdopKii). Tun Program 'raioice 
onpenejiaeT nea Meiona: Main n . ctor (KOHCTpyKTop). 
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i\l cto/p, Main — sto c'lai ii'iccioiii OTKpbiTbiH mcto/l >teii nporpaMMHbift ko/i, npea- 
CTaBjieH Ha H3biice IL (a He b MamiiHHbix Ko/iax npoiieccopa, Hanpimep x86). Main 
B03BpamaeT void h lie no/iynaeT api'y.viem ois. M cto/p,- iconcrpyKTop (uccr/pi OTOOpa/ica- 
eMbni 11 o/i, HMeHeM . cton) hb/ihctch OTKpbiTbiM, ero ko/i, Taioice 3amicaH Ha moi.ikc IL. 
Tun B03BpamaeMoro .iiia'iemia KOHCTpyKTopa — void, y Hero i ict apryMeHTOB, ho ecTb 
yKaaaTe/iP) this, cci)i. ; iaioimiHCM Ha o6/iacTb iiaM/iTu, b KOTopofi /to/i/iccn coa/uiiiaTPiC/i 
0I<3CMII. ; IM|) OObCiaa npn BbI30Be KOHCTpyKTopa. 

H HacTOHTe/ibHO peKOMeH/iyio BaM noaKcnepiiMeHTiipoBaTb c AH3acceM6jiepoM 
ILDasm. Oh iipe/i,oc'iaii. : i!>iC'i' Maccy no/ie3Hbix ciic/i,eiiiiii, h a cm /iynnie bm b hiix pa3- 
6epeTecb, icm 6biCTpee iiayinTC o6inca3P>iKoiiyio iiciio. ; niHioinyio cpc/yy CLR h ee bo3- 
MO/KHOCTH. B 3toh KHiire eme He pa3 cy/tcx picp io. ii>3,o li/i i p>cm /i,n3acce.\i6,;iep ILDasm. 

IIpocTO /i,./ 1 'a HHTepeca iiocMO'ipiiM Ha HeKOTopyio CTaTHCTHKy c6opKii Program.exe. 
Bbi6paB b MeHio nporpaMMbi ILDasm KOMaii/i,y View ► Statistics, yiin/i,nM c/ie/i,yioince: 


File size 
PE header size 
PE additional info 
Num.of PE sections 
CLR header size 
CLR metadata size 
CLR additional info 
CLR method headers 
Managed code 
Data 

Unaccounted 


3584 


512 (496 used) 

(14.29%) 

1411 

(39.37%) 

3 


72 

( 2.01%) 

612 

(17.08%) 

0 

( 0.00%) 

2 

( 0.06%) 

20 

( 0.56%) 

2048 

(57.14%) 

1093 

(30.50%) 


Num.of PE sections : 3 
.text 1024 

.rsrc 1536 

.reloc 512 


CLR metadata size : 612 


Module 

1 

(10 

bytes) 

TypeDef 

2 

(28 

bytes) 

TypeRef 

4 

(24 

bytes) 

MethodDef 

2 

(28 

bytes) 

MemberRef 

4 

(24 

bytes) 

CustomAttribute 

2 

(12 

bytes) 

Assembly 

1 

(22 

bytes) 

AssemblyRef 

1 

(20 

bytes) 

Strings 

184 

bytes 

Blobs 

68 

bytes 

UserStrings 

8 

bytes 

Guids 

16 

bytes 

Uncategorized 

168 

bytes 


0 interfaces, 0 explicit layout 
0 abstract, 0 native, 2 bodies 


CLR method headers : 2 
Num.of method bodies 2 

Num.of fat headers 0 
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Num.of tiny headers 2 

Managed code : 20 
Ave method size 10 

3Aecb npiiBOAHTCH KaK pa3Mepbi caMoro c))aii„ra (b 6aiiTax), TaK h pa3Mepbi ero 
cocTaBJiaiomiix nacTeii (b 6aiiTax h npon,eHTax ot pa3Mepa cjiatMa). npiMoaceHite 
Program.es 0'ieiib MajieHbKoe, iio.3TO.My oo.ibiiiaM nacTb ero (jiaii./ia ..iaimra saio./iomroM 
PE h MCTa/i,aiiiibi. mu. OaKTiiAecKii IL-koa 3amiMaeT Bcero 20 6airr. Koueniio, >icm 6o;ibinc 
pa3Mep npiMoaceHHH, TeM 'tame THnbi h ccmakh Ha Apyrne Timbi h cOopKii nciio. ib.ay- 
iotch noBTopHO, nosTOMy pa3Mepbi ,vie'ia,taiiiii)ix h , 1,31111 i>ix aaro./ioisKa cymecTBeHHO 
y.vieiibinaiO'iCH no OTHomeHiiio k o6meMy pa3Mepy (jtaii./ia. 

nPMMEHAHME 

B ILDasm.exe ecib onm6i<a, ncKaxaioiAas OTobpaxaeiviyio MHcpopMapmo o pa3Mepe 
cJjaM/ia. B HactHOCTM, He/ib3s AOBepntb CBeAem/isM b ctpoKe Unaccounted. 


06i>eAMHehme MOAy-neu 
AJ1S1 C03A3HM51 c6opKM 

Oafui Program.exe — 3 to iic npocTO PE-cjiaim c MCTa/iamibiMit, aeme h cooptca (assembly), 
to ecTb coBOKynHOCTb OAHoro hah HecKOJibKHx (jiaii./iois c oiipc/Axieim m mu tuiioii ii cjoaii- 
aob pecypcoB. Oahh H3 (jiaii./ioii cbopKii BbibupaeTca ,yiM xpaitciiim ee MaHiicjiecTa. Ma- 
Hutpecm (manifest) — 3 to eme oahh Ha 6 op Tabjinn MeTaAaHHbix, KOTopbie b ochobhom 
coAepacaT imeHa (jjaiinoB, cocTaBJimomrix cbopKy. KpoMe Toro, sth Tabjinitbi omicbmaioT 
Bepciiio h peniOHaAbHbie CTarmapTbi cbopKii, ee H3AaTeAfl, 061 rte/tociy 1 m i,i c* SKCiiop'ni- 
pyeMbie Timbi, a raiOKC Bee cocTaii./iMioinue cbopKy (|) aft am. 

CLR paboTaeT co coopira.Mii, to ecTb CHanana CLR BcerAa 3arpyacaeT <|)ari. : i c Ta- 
Sahuamh MCia/uiiiiibix Maimcbccia, a 3aTeM nonynaeT H3 MaiiiKjiecTa u.vie 113 ocTa./ibUbix 
(jiaii.'iob cbopKii. HeKOTopbie xapaKTepucTiiKii cbopKii ctoht 3anoMHHTb: 

□ b cbopice onpcACACiibi MHoroKpaTHO HcnoAb3yeMbie THnbi; 

□ cbopice iia.sna'iacTca HOMep iiepcnn; 

□ co cbopKoii MoaceT 6biTb ciinaana mujiopManna OeaoiiaciiocTu. 

y oTAeabHbix (jiaiuioii cbopKii, KpoMe <})ari./ia c xaOA 111 aim 11 MeTaAaHHbix MaHiicjiecTa, 
TaKHx ai pi-ibyTOii HeT. 

HAo6bi ynaKOBaTb THnbi, a 'l aioicc obecnemiTb 6e3onacHOCTb i n non h ynpaBAemie 
hx BepciiHMH, HyacHO noMecTHTb THnbi b moavji h , o6'i)C/i,iii iciii i i>ic b cbopKy. Maine Bcero 
cbopna coctoht 1-13 OAHoro cjiaftAa, KaK npHJioaceHHe Program.exe b paccMOTpeHHOM npn- 
Mepe, ho MoryT 6biTb h cbopKii H3 iiecKo. ibKiix (jiarieio 11 : PE-cjiaiinoB c MCTa/iamibiMii 
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h cfjaiiJTOB pecypcoB, HanpiiMep GIF- hjih JPG-cjjaiijiOB. FlaBepHoe, nporpe npe/tCTaBJiHTb 
ce6e c6opKy KaK «jiorauecKHH» EXE- hjih DLL-cj)aiui. 

yucpcii, MHorHM HHTaTejiHM HHTepecHO, aa'fc.vi KOMnaHHii Microsoft r 10 1ia/i,o6 h. : ioct> 
BBOAHTb HOBOe IIOIIHTI1C — «c6opKa». /RviO B TOM, HTO c6opKa IIO.3BO.3aCT pa3rpaHHHHTb 

jioriraecKoe h (jiiiaii'iecicoe iiomnua MHoroKpaTHO Hcnojib3yeMbix thhob. /fonycTHM, 
c6opKa coctoht H3 HecKOJibKHx THnoB. IIpH 3tom THnbi, npiiMeHneMbie name Bcex, 
MoacHO noMecTHTb b o/uiii ())aii. : i, a iipn.vteiiae.vibie peace — b /ipyroii. Ecjih c6opKa pa3- 
BepTbiBaeTca nyTeM 3arpy3Kii nepe3 HHTepHCT, KjmeHT MoaceT bobcc hc 3arpyacaTb cjiaiiji 
c pea,KO i3c 11 o.j i»3vcm i»i m n THnaMH, ecjra oh mi icor/ia hx He 3a,3eiiciiiycj\ Hanpimep, 
He3aBHCHMbiii hoc lammnc IIO (independent software vendor, ISV), cnen,Hajiii3iipyio- 
uihhch Ha pa3pa6oTKe ajieMCHTOB ynpaBjiCHira nojib30BaTejibCKoro iiHTeptJieHca, MoaceT 
peajni30BaTb b OTAejibHOM Moayjie THnbi Active Accessibility (Heo6xoa,HMbie /yra co- 
OTBeTCTBHH TpedoBaHHHM aoroTHna Microsoft). 3arpyacaTb otot MOAyab AOCTaTOHHO 
jiiirub TeM, KOMy HyacHbi cnen,najibHbie B03M0acH0CTH. 

MoacHO HacTpoiiTb npiuioaceHiie TaK, uTodbi oho 3arpyacajio (fiaii abt cdopKii, onpeAe- 
jihb b ero KOHcjnirypanHOHHOMcjiaiiae ojicmcht CodeBase (cm. noApodHee raaBy 3). 3tot 
aaeMCHT HACHTHcjumupyeT URL-a/ipec, no KOTopoMy MoacHO HaiiTii Bee cjiaiuibi cdopKii. 
IIpH nonbiTKe 3arpy3HTb cjianji cdopKii CLR noaynaeT URL H3 ajieMeHTa CodeBase 
h npoBepaeT iia.imiiic HyacHoro (|)aii.;ia b aoKajibHOM icime 3arpyaceHHbix(Jiaii.MOii. Ecjih 
cjoairji TaM npucyTCTByeT, to oh 3arpyacaeTca, ecjin hot — CLR ncnojib3yeT , 3.3 a 3arpy3Kii 
<))aiijia b Korn URL-a/i,pec. Ecjih naifm HyacHbiii cjiaiui He VAacica, CLR reHepupyeT hc- 
KjnoHeHiie FileNot Found Except ion. 

y MeHH ecTb Tpn apryMCHTa b nojib3y npiiMeHeHira MHorocjiaHjiOBbix cdopoK. 

□ MoacHO pacnpe/i,ejiHTb Timbi no HecKOJibKiiM (Jjaiijia.vi, Aonycicaa H36npaTejibHyio 
3arpy3Ky iic'OOxoaiimhx (jiaiijiois H3 UHTepHeTa, a TaKace aacniaiio y r lauco ninna r p> 
11 pa3BepTbiBaTb THnbi, isapbiipvM ())yi[K'iiii()i[a. ii)i[0C3 b npiuioaceHim. 

□ MoacHO AodaBjiHTb k coopice cjjaiuibi c pecypcaMii 11 .jaimbiMii. /ionycrii.vi, ii.vtce ica 
THn,331a pac'icia HeKOTopoii CTpaxoBOii cyMMbi. EMy MoaceT noipedoisai i>ca aoctvii 
k aKTyapHbiM Ta6jiim,aM. B.vtccio iicipaniiaiiiia aKTyapHbix 33:16.3111 ( b hcxoahhii koa 
M oacHO BKJuoniiTb cooTBeTCTByiomiiii cjiaiui c AaHHbiMii b cocTaB cdopKii (Hanpimep, 
c 1 1 o.wo 1 1 l bio KOMnoHOBiniiKa cdopoK AL.exe, KOTopbiii paccMOTpeH ziajiee). B cdopKii 
MoacHO BKaionaTb AaHHbie b ak>6om cjiopMaTe: b tckctobom, b bhac Tadjiim Microsoft 
Excel hjih Microsoft Word, a TaKace b jho6om ApyroM npn ycjiOBHH, hto npiiAoaceHiie 
cnocodHO pa3o6paTb AaHHbie b otom cjiopMaTe. 

□ Coopicu MoryT cocroaib 113 THnoB, HaniicaHHbix Ha pa3Hbix aabiicax nporpaMMiipo- 
BaHim. 0,311a >iac3 b THnoB MoaceT 6biTb HanucaHa Ha C#, Apyraa — Ha Visual Basic, 
ocTajibHbie — Ha/ipynix H3biKax iipoipa.\t\iiipoiiamia. IIpii KOMnHjiHUHH iicxo/inom 
TeKCTa Ha a 3 nice C# Ko.vmnjia rop co.3,aac 1 0,31111 moava b, a npn KOMnnaaniiu hc- 
xo,3iiom TeKCTa Ha Visual Basic — /ipyroii. 3aTeM npn noMomii cooTBeTCTByiomero 
HHCTpyMeHTa Bee 3 th MOAyjin odbeAHHHiOTCH b OAHy cdopKy. HcnoAb3yK>mne TaKyio 
cdopKy pa3pa6oTHiiKii y 1111,3ai' b Heii juirub Ha6op THnoB. Pa3pa6)03 i iiiiai uaacc He 3a- 
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MeTHT, MTO lipi-lMCIIM./IHCIj pa3Hbie H3bIKII npOrpAMMI-ipOBAHIIA. KcTaTH, npil >KC. : iaiIIIII 
c homo i u bio ILDasm.exe mojkho iio./iyom b <})aii./ibi c hcxoahmm tckctom Bcex MOAy- 
jieft Ha H3biKe IL. I Iocjie otoho MoacHO 3anycTHTb ymiraTy ILAsm.exe h nepeAaTb c i-i 
iio.iyieimbie cj)aiuibi, h yTHjiHTa BbiAacT (jiaii.'i, coAepacamnii Bee Timbi. otoio 
KOM nujiHTop hcxoahoto TeKCTa AOAaceH reHepupoBaTb to./ihko IL-koa. 


BHMMAHME 

IIOABOAa MTor, mo>kho CKa3aTb, hto c6opxa — 3to eAHHnpa MHoroKpaTHoro ncno.nb30- 
BaHna, ynpaB/iem/iH BepcnaMM n 6e3onacHOCTM THnoB. OHa no3BO/iaeT pacnpeAe/iaTb 
Tunbi n pecypcbi no OTAe/ibHbiM cban/iaivi, htoOn ee no/ib30BaTe/in Momn peuinTb, Kaxne 
cjianjibi ynaxoBbiBaib n pa3BepibiBaTb BMecTe. 3arpy3MB 4>an.n c MaHucJjecTOM, cpeAa 
CLR MOxeT onpeAe/iMTb, KaKHe cjian/ibi cdopKH coAepxaT Tunw n pecypcbi, Ha KOTopwe 
ccbmaeTca npn/ioxeHne. JliodoMy noTpeOnTe/no cSopKH AOCTaTOHHO 3HaTb numb mma 
cjjan/ia, coAepxamero MaHncfiecT, noc/ie Hero oh CMOxeT, He Hapyrnaa pa6o™ npn.no- 
xeHi/ia, aOcTpampoBaTbca ot ocodeHHOCTen pacnpeAeneHna coAepxHMoro c6opi<n no 
cJiannaM, KOTopoe co BpeMeHeM Moxei MeHHTbca. 

npi/i pa6oie co mhothmh Tnnan/in, coBMecTHO ncno/ib3yK3iAHMM OAHy Bepcnio n Ha6op 
napaMeTpoB 6e30nacH0CTn, no coo6paxeHnaM npon3BOAHTe/ibHOCTM pexoMeHAyeica 
pa3MeiAaTb Bee Tnnbi b oahom (Jianne, He pacnpeAenaa nx no HecKO/ibKHM cJjannaM, He 
roBopn yxe o pa3Hbix c6opKax. Ha 3arpy3Ky xaxAoro (Jianna nan c6opkh CLR n Windows 
TpaTHT 3HaHnTejibHoe BpeMH: Ha noncx c6opxn, ee 3arpy3Ky n nHnu,nann3au,nio. HeM 
MeHbiue cfiannoB n cSopox, TeM SbiCTpee 3arpy3xa, noTOMy yMeHbmeHne nncna c6opok 
cnocodcTByeT coKpaiAeHnio padonero npocTpaHCTBa n cieneHn cbpanvieHTaunn aApec- 
Horo npocTpaHCTBa npopecca. Hy, n HaKOHeu,, nGen.exeaynine onTnMn3npyeTKOA, ecnn 
o6pa6aTbiBaeMbie cjiannbi 6oabiiie no pa3Mepy. 


HTo6bI CKOMnOHOBATb c6opKy, HyACHO Bbl6paTb o/uill 113 PE-(j)aHAOB, KOTOpblii CTa- 
HeT x|:)anmc;iCM ManiicjiccTa. Moacho TaKace C03AaTb OT/tc.ibiibiii l J l{-<))aii.i, b kotopom 
H e ovac'i nuncio, KpoMe MannijiccTa. B Tao./i. 2.3 nepeAHCJieHbi Ta6./mn,i>i MCTaAaHHbix 
.viaiiiKjiecia, naan arc kotopmx npeBpamaeT ynpaBjiaeMbifi moav.'i i> b c6opKy. 


TaS/inuia 2.3. Ta6nnpa MeTaAaHHbix MaHncjiecTa 


Hmh Ta6anubi 

MeTaAaHHbix 

MaHM<t>ecTa 

OnncaHne 

AssemblyDef 

CoCTOHT 113 eAHHCTBeHHOH 3anHCH, eCJIH MOAyJIb HACHTH(J)HAI-ipyeT 
c6opKy. 3amicb BKjnoaaeT hmu c6opKH (6e3 pacmiipeHiis h nym), 
CBeAemiH o Bepci-iH (cTapmufi h MjiaAiimii HOMepa Bcpcww, HOMep 
KOMnoHOBKH ii pe/iaKHim), pernoHajiBHbie cTaHAapTM, cjwiarii, 
aaropHTM xemupoBaHHH n otkphthh kjiiou H3AaTejia (bto none 
MoaceT 6biti. nycTMM — null) 


npodojioKeuue & 
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Tabjimja 2.3 (npoMonxeniAe) 


MMH Ta6/1MUbl 

MeTaflaHHbix 

MaHMcfpecTa 

OnucaHMe 

FileDef 

CoAepxcHT no oahoh 3anncii aah KaxcAoro PE-cjaaiuia n (Jjaiuia pe- 
cypcoB, bxoahhihx b cocTaB cbopKii (xpoMe (Jjaiuia, coAepxcamero 
MaHiicjaecT). B KaxcAOii 3aniicn coAepxcHTCH hmh h pacmupeHne 
cjjaiixa (6e3 yKa3aHHH nym), xem-KOA h (jrxarii. Ecjiii cbopKa co- 
ctoht H3 oahoto cjraiixa, ra6jim\a FileDef nycTa 

ManifestResourceDef 

CoAepxnT no oahoh 3anncn aah KaxcAoro pecypca, BKAroueHHoro 
b cbopicy. KaxcAan 3anncb BKAiouaeT hmh pecypca, 4>xarn (public 
hah private), a Taicxce hhackc aah Tabximbi FileDef, yKa3HBaio- 
itihpt 4>aHA hah noTOK c pecypcoM. Ecah pecypc He hbahctch ot- 
AeABHbiM (jjaiiAOM (HanpHMep, JPEG- hah GIF-4>aHAOM), oh xpa- 
hhtch b BHAe noToxa b cocTaBe PE-c^aima. B CAynae BCTpoeHHoro 
pecypca 3amrcb Taxxce coAepxcHT cMememte, yKa3biBaiomee HauaAO 
noToxa pecypca b PE-(J)aHAe 

ExportedTypesDef 

CoAepxcHT 3anncH aah Bcex otkphtmx THnoB, 3KcnopTiipyeMbix 
BCeMH PE-MOAyAHMH c6opKH. B KaXCAOH 3anHCH yKa3aHO HMH 

THna, HHAeKC aah TabxHijbi FileDef (yKa3biBaiomHH 4>aiiA cbopKH, 

B KOTOpOM peaAH30B3H 3TOT THn), a TaKXCe HHAeKC AAH Ta6AHlJbI 
TypeDef. npi-iMeuaHite: aah 3kohomhh (JiafiAOBoro npocTpaHCTBa 
THnbi, 3KcnopTiipyeMbie H3 (JiaiiAa, coAepxcamero MaHHcjrecT, He 
nOBTOpHIOTCH B 3TOH TabAHIje, nOTOMy HTO HHCjjOpMaAHH THnOB AO~ 
CTynHa uepe3 TabAHijbi TypeDef MeTaAaHHbix 


Maiiiicjx'CT H03B0./IMCT iioTpcOHTCJiH.vi c6opKH a6cTparapoBaTbca ot oco6eHHOCTeii 
pacnpeAejieHiia ee coaepacuMoro h ;i,c;iacT c6opKy caMOomicbiBaeMoii. 06paTHTe bhii- 
MaHiie, 'no b cjjafuie, KOTopbifi co,a,ep»CHT m;iiiii<|)cct, iiaxo/priCM laiOKC ni[(})op\iai[,iis-i 
o tom, KaKne (jjafijibi cocian. iM iot c6opKy, ho ot/lc./i i.i i mo (fjaftjibi «He 3HaiOT», tio ohii 
BKJ iiOHeHbi b c6opicy. 

nPMMEHAHME 

cPatiB c6opkh, coAepxamuM Mam/KfiecT, coAepxnT Taxxe Ta6/imj,y Assembly Ref. B Hew 
xpaHHTca 3anncn c onucaHueM Bcex cbopox, Ha KOTopwe ccbi/iamca cpaPuibi ahhhom 
c6opkh. 3to no3BO/iaeT i/mcipyivieHTaM, OTKpbiB MaHncj)ecT cSopkh, cpa3y yBMAeTb 
Becb Habop cbopox, Ha KOTopwe ccbmaeTca 3Ta cbopxa, He OTKpbiBaa APyrne cfiaiinbi 
cbopKM. M b 3tom caynae AaHHbie AssemblyRef npn3BaHbi CAe/iaTb cbopKy caMOoni/i- 
cbiBaeMoPi. 


KoMniuiHTop C# co.'i/iacT c6opKy, ecjiH yKa3aH ji 1060 ii 113 napaMeTpoB Ko.viaii/i,- 
hoh CTpoKii — /t[arget]:exe, /t[arget]:winexe, /t[arget]: appcontainerexe, 
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/t[arget] : library hah /t[arget] iwinmdobj 1 . KaacawH H3 sthx napaMeTpoB 3a- 
CTaBAHeT KOMnHAHTOp ! ('[ 1 0]) H])0 [ja i’Ii eAHHblH PE-(J)aHJI C ■[■aOjIHHaMIl MeTaAaHHbIX 
.viaiiiKjiccTa. B HTore rcncpu pycioi cootbctctbchho Konco. ibiioe npn.io>KCiinc, iipn./io- 
Acemie c rpacjjiraecKHM HHTepcjieHCOM, HcnoAHHeMbiii cjiaHA Windows Store, dudjiHOTeica 
KAaCCOB hah 6n6AHOTeKa WINMD. 

KpoMe 3thx napaMeTpoB KOMmiAHTop C# no/mepaciiBaeT napaMeTp /t [arget]: module, 
KOTopwii 3acTaBAneT komhhahtop co3AaTb PE-cjraiiA 6e3 Ta6AHij MeTaAaHHbix Mami(f)ecTa. 
ITpri HcnoAb30BaHHH aToro napavieipa BcerAa no./iytacTca DLL-cjtaiiA b cjtopMaTe PE. 
JXjih Toro 'n oobi noAynHTb AOCTyn k THnaM TaKoro cjiaii.Ta, ero HeodxoAHMO noMecTHTb 
b cdopKy. 11pu yKa3aHiiii napaMeTpa /t : module Ko.vnm./iMxop C# no yMOA'taimio npn- 
CBai-iBaeT BbixoAHOMy cjraiiAy pacmupemie .netmodule. 

BHUMAHME 

KcoxaneHmo, b MHTerpnpoBaHHOii cpeAe pa3pa6oTKM (Integrated Development Environment, 
IDE) Microsoft Visual Studio Hei BCTpoem-iOM noAAep>KKn C03AaHnn MHorocfiarmoBbix c6o- 
poK — Ana 3Toro npnxoAUTca ncnonb30Baib MHCTpywieHTbi KOMaHAHOia ctpokm. 


CymecTByeT HecKOAbKO ciiocooob /tooaii./iemm moava a b cdopKy. Ecah Pli-fjiaii./i 
c MaHiicjjecTOM CTpoHTca npn noMontH KOMraiAHTopa C#, moacho npriMemiTb napaMeTp 
/addmodule. /Jah Toro ato6h noHATb, KaK co3AaiOT MHorocjtaHAOBbie c6opKii, paccMOTpiiM 
npHMep. /loiiycTHM, ecTb Ana dpavuia c hcxoahmm tckctom: 

□ <|)aii./i RUT.cs c: 0 Acp>Ki-iT peAKO HcnoAb3yeMbie Tunbi; 

□ (jiaii.'i FUT.cs eoAepACHT nacio HcnoAb3yeMbie Tunbi. 

CKOMmiAiipyeM peAKO ncnoAb3yeMbie Timbi b OTAeAbHbiii MOAyAb, Trofibi noAb30Ba- 
TeAH cdopKii motah OTKa3aTbCH ot pa3BepTbiBaHHH aToro moavam, ecAH coAepAcantHeca 

B HeM THnbl HM He HyACHbK 
esc /t:module RUT.cs 

KoMaHAa 3acTaBAaeT komhhahtop C# C03AaTb dpaikji RUT.netmodule, KOTopbiii npeA- 
CTaBAneT codoii CTaHAapTHyio PE-ouo./mo iCKy DLL, ho cpeAa CLR He cmoacct npocTO 
3arpy3HTb ee. 

Tenepb CKOMmiAiipyeM b OTAeAbHOM MOAyne nacTO HcnoAb3yeMbie niiibi h CAeAaeM 
ero xpaHHTeAeM Mamujietna coojikti, Taic KaK k pacnoAOAteHHbiM b iicm THnaM oopama- 
iotch AOBOAbHO uacm OaKTHHecKii Tenepb 3tot MOAyAb npeACTaBAneT codoii ne.TyiO 
cdopKy, noaTOMy a h3mchha hmh BbixoAHoro cjtaiiAa c FUT.dll Ha MultiFileLibrary.dll: 

esc /out:MultiFileLibrary.dll /tilibrary /addmodule:RUT.netmodule FUT.cs 


1 Ilpii ncnoAb30BaHmi napaMeTpa /t[arget]:winmdobj noAyneHHHii 4>aiiA .winmdobj AOAAceH 
6biTb nepeAaH nporpaMMe WinMDExp.exe, KOTopbiii hcmhoto odpadaTMBaeT MeTaAaHHBie 
AAH npeACTaBAemia otkpmthx TunoB CLR cdopKii KaK TiinoB Windows Runtime. IlporpaMMa 
WinMDExp.exe HiiKaK He 3aTparnBaeT koa IL. 
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3 ia KOMaH/ja npiiKa3biBaeT KOMm-uiHiopy C# npn komhhjihluiii cjaafuia FUT.cs C 03 Aaib 
cj)aHJi MultiFileLibrary.dll. IIocKOJibKy yKa3aH napaMeTp /t: library, pe3yjibTHpyiomHH 
P L-rjiaii./i DLL c Ta6jmu;aMH MeiaAaHHbix .viaimcjiccia iiaabiisacTcn MultiFileLibrary.dll. 
IlapaMeTp /addmodule : RUT.netmodule yKa3biBaeTKOMrauiaTopy, hto( jiaiui RUT.net- 
module AOJiKeH 6biTb AacTbK) c6opKH. B AacTHOCTH, napaMeTp /addmodule 3 acTaBJiaeT 
KOMnnjiHTop /looaisin b k Ta6jran,e FlleDef b MeiaAaHHbix .viamKjx'cra chc/iciiiim 06 
3 tom cj)aHJie, a Taioi<c aaiiecm b xa6.Tuii,y ExportedTypesDef cbcaciihm 06 OTKpbiTbix 
OKcnopTupyeMbix Tiraax .oxoro (jiaii./ia. 

3aBepniHB pa6oTy, KOMnmiHTop coa/taci HecKOJibKO (jiaiLiois (pnc. 2.1). Mo/iy. ; u> 
cnpaBa coAepacm Maiunjiecr. 

Oaitn RUT.netmodule coAepacm IL-koa, creHepHpoBaHHbifi npn KOMrauiHirmi RUT.cs. 
KpoMe Toro, stot cjranji coAepaaiT Ta6jmubi MeiaAaHHbix, onucbiBaiomiie ninbi, MeTOAbi, 
iio.'ia, CBOHCTBa, co6biTiiH n t. n., onpe/rejieHHbie b RUT.cs, a raiOKC mribi, MeTOAbi h AP-, 
Ha KOTopbie ccbuiaeTcn RUT.cs. MultiFileLibrary.dll — sto OT/rejibHbiH (jjarui. IIoao6ho RUT. 
netmodule, oh inciio'iaci IL-koa, creHepHpoBaHHbrii npn komhhahu;hh FUT.cs, a TaiOKe 
ana.'ioririm.ie MCTa/pimibie b bmac ia6jnm, oupe;i,ejiciiiiii h ccbuioK. O/uiaKO MultiFileLi¬ 
brary.dll 'raiOKC co/tepacHT AonojmiiTejibHbie Ta6jiiiu;bi MeiaAaHHbix, KOTopbie h AC./iaior 
ero c6opKoli. 3 th Aoiio./imixejuiiibie Ta6jiHH,bi omicbmaiOT Bee 4) aft am, cociaii./ialomue 
c6opKy (caM 4>afui MultiFileLibrary.dll h RUT.netmodule). Ta6jnmbi MeiaAaHHbix Marai- 
<))CC'[a TaKace mciio'taiOT onrrcain-ic Bcex OTKpbiTbix TunoB, SKcnopinpyeMbix (JiaftnaMii 
MultiFileLibrary.dll h RUT.netmodule. 

nPMMEHAHME 

Ha caMOM Aene b Tabnnpax MeiaAaHHbix MaHncfiecTa He onncaHbi mnbi, SKcnopmpyeMbie 
PE-cJrau/iOM, b kotopom HaxoAHTes MaHncJiecT. U,enb stom onTHMH3auni4 — yMeHbLunib 
4ncno 6am, HeobxoAUMoe axis xpaHeHns ASHHbix MaHncfiecTa b PE-<t>anne. Taxi/iM o6pa30M, 
yTBepxAOHMs BpoAe «Ta6nnu,bi MeiaAaHHbix MaHncJiecTa BK/nonaiOT Bee OTKpbiTbie Tunbi, 
3KcnopTnpyeMbie MultiFileLibrary.dll n RUT.netmodule», BepHbi numb OTsac™. OAHaKO 
3to yTBepxAeHue BnonHe tohho oipaxaei nornnecKnn Habop SKcnopinpyeMbix TnnoB. 


IIoctpohb c6opKy MultiFileLibrary.dll, MoacHO H3yHHTb ee Ta6jiHH,bi MeiaAaHHbix Ma- 
iiHcjicc'ianpn noMomn ILDasm.exe, hto6m yoe/uiTbCH, >rro (jiaii./i c6opKii AcricTisriTe.xbiio 
coAepacHT ccbuiKii Ha ranbi H3 ijiaibia RUT.netmodule. Tao.miibi MeiaAaHHbix FlleDef 
h ExportedTypesDef BbirjiHAHT CAeAyromiiM o 6 pa 30 M: 

File #1 (26000001) 

Token: 0x26000001 
Name : RUT.netmodule 

HashValue Blob : e6 e6 df 62 2c al 2c 59 97 65 0f 21 44 10 15 96 f2 7e db c2 

Flags : [ContainsMetaData] (00000000) 

ExportedType #1 (27000001) 


Token: 0x27000001 
Name: ARarelyUsedType 
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Implementation token: 0x26000001 
TypeDef token: 0x02000002 

Flags : [Public] [AutoLayout] [Class] [Sealed] [AnsiClass] 

[BeforeFieldlnit](00100101) 

H 3 3thx CBeACHioi h n/ 1,1 io, 'no RUT.netmodule — sto (jiari.T, KOTopniii ciinacTCM na- 
CTbio c6opKH c MapicepoM 0x26000001. Ta6./iitita ExportedType noKa3biBaeT iia./uinnc 
OTKpbiToro SKcnopTiipyeMoro Tima ARarelyUsedType. 3tot ran iiomcicii MaptcepoM 
peajiu3at^uu (implementation token) 0x26000001,03HanaK>mHM, uto IL-koa stoto Tima 
HaxoAHTcn b (Jraiine RUT.netmodule. 

RUT.netmodule 


IL-koa, creHepwpoBaHHbm 
npu KoivinMJisutHM RUT.cs 


MeTaAaHHbie 

Tunbi, MeTOflbi w flpyrne cyutHOCTH, 
onpeAeneHHbie b RUT.cs 
T unbi, MeTOAbi h APyrne cyntHOCTU, 
Ha Kotopbie ccbuiaeTcn RUT.cs 


Pmc. 2.1. MHorocpannoBan c6opi<a n3 Aeyx ynpaB/meMbix MOAyneCi u Mam/ictiecTa 


Mult1F1leL1brary.dll 


IL-koa, creHepnpoBaHHbiM 
npn KOMnunniiHii FUT.cs 


MeTaAaHHbie 

Tunbi, MeTOAbi H T. A-, 
onpeAeneHHbie b FUT.cs 
T linbl, MeTOAbi H T. fl., 

Ha Kotopbie ccbinaeTcn FUT.cs 


MaHHtpecT 

cpan/ibi c6opKn 

(MultiFileLibrary.dll m RUT.netmodule) 
OTKpbITbie tpaiinbi cbopKM 
(MultiFileLibrary.dll n RUT.netmodule) 


nPMMEHAHME 

flan aioSonbiTHbix: pa3Mep MapKepoB MeTaAaHHbix — 4 6aitra. CTapmnn 6auT yKa3biBaeT 
Tun Mapxepa (0x01=TypeRef, 0x02=TypeDef, 0x26=FileRef, 0x27=ExportedType). noa- 
Hbin cnncoKTnnoB MapxepoB cm. b nepenncanMOM Tune CorTokenType b 3aroaoBOHHOM 
cjianae CorHdr.h n3 .NET Framework SDK. Tpn MnaALunx Qama Mapxepa npocTO nAeH- 
Tnct>nu,npyiOT 3anncb b cooTBeTCTByioLAePi Ta6anu,e MeTaAaHHbix. HanpuMep, Mapxep 
peaan3au,nn 0x26000001 ccbiaaeTcn Ha nepByio CTpoxy TaOnnpbi FileRef (b 6onbmnHCTBe 
TaOanu, HyMepapnn ctpok HannHaeTcn c 1, a He c 0). KcTam, b TypeDef HyMepapnn ctpok 
HannHaeTcn c 2. 


JlK)6oii KjTMCHTCKir ii koa, Hcnojib 3 yK)niiiH Timbi c6opKii MultiFileLibrary.dll, AonaceH kom- 
noHOBaTbca c yKa3amieM napaMeipa KOMniMHTopa /r [eference]: Multi File Library, 
dll, KOTopbn! 3 acTaBJiaeT KOMmuiHTop 3 arpy 3 iiTb c6opicy MultiFileLibrary.dll u Bee rjiaifAbi, 
i icpcr uc.;iei mine b ee 'tao./in ito FileDef. Kotniiijunopy Heo6xoAHMO, hto6m Bee cjiaiijibi 
c6opKii 6 mah ycTaHOBJieHbi h AOCTynHbi. Ecah yAaAHTb cjiaiiji RUT.netmodule, KOMnn- 
ahtop C# BbiAacT c/ic/tvlonicc coo6meHHe 06 omn6Ke: 
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fatal error CS0009: Metadata file 'C:\MultiFileLibrary.dll' could not be 
opened-'Error importing module 'rut.netmodule' of assembly 
'C:\MultiFileLibrary.dll'- The system cannot find the file specified 

3to o.'iiia'iacT, >no npn nocTpoeHim hoboh cdopKii dojiMHU npncyTCTBOBaTb Bee 
(jiaiiAbi, Ha KOTopbie OHa ccbuiaeTca. 

Bo BpeMH HCnOJIHeHHH KAITCHTCKHH KOA BbI3bIBaeT pa3Hbie MCTOAbl. IIpiI nepBOM 
Bbi30Be HeKOToporo MCTO/ta cpcaa CLR oiipeACAiiCT, Ha lanaic THnbi oh ccbuiaeTca KaK 
Ha napaMeTp, BoanpamacMOC anaaciiiie 11.111 jiOKajibHyio nepeMeHHyio. /Ruiec CLR nbi- 
TacTcai 3arpy3HTb H3 c6opKii, Ha KOTopyio ccbuiaeTCJi koa, cjiaHA c MamicjiecTOM. Ecah 
3 tot 4>afiA onucbiBaeT THnbi, k kotophm o6pamaeTCH Bbi3BaHHbiii MeTOA, cpa6aTbiBaioT 
BHyTpeHHiie MexaHH3Mbi CLR, h HyacHbie THnbi CTaiioiuiTCH AOCTynHbiMii. Ecah b Ma- 
11 ii())cctc yica3aHO, hto iiv>KTibiii THn iiaxo/piTCM b ApyroM (jiaii.TC, CLR ;saipy>icacT stot 
cjraHA, h BHyTpeHHiie MexaHH3Mbi CLR odecneutiBaiOT AOCTyn k AaHHOMy rany. CLR 
aai pyacacT cjiaiiA cdopKii toabko npn Bbi30Be MeTOAa, ccbuiaicmerocA Ha pacnoAoaceH- 
Hbiii b 3 tom <))aii.TC THn. 3 to 3iia'i hi, 'no iia. iiame Bcex <})aii.Tois cdopKii, Ha KOTopyio 
ccbiAaeTca npHAoaceHiie, aah ero pa6oTbi He o6n3amejimo. 


Ao6aB/ieHue c6opoK b npoeKT b cpefle Visual Studio 

Ecah npoeKT cosAacTca b cpeAe Visual Studio, HeodxoAHMO AodaBtiTb b npoeKT Bee 
c6opKii, Ha KOTopbie oh ccbiAaeTca. /Jpia 3toto OTKpoiiTe okho Solution Explorer, meAKHHTe 
npaBoii KHonKoii Mbimn Ha npoeKTe, Ha KOTopbiii u V/KTio AOOamiTb ccbiAKy, h libiocprrrc 
KOMaHAy Add Reference. OTKpoeTcn AnaAoroBoe okho Reference Manager (pric. 2.2). 
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/[./i 'a Toro ato6h /tooaiiiiTi) b npoeKT ccbuiKy Ha c6opKy, Bbi6epHTe ee b ciiiickc. Ecah 
b cniiCKe HeT nyaciiori c6opicii, to a a ip toto utoSh ee iiainn (cJiaHA c MaHinJiecTOM), 
mejiKHiiTe Ha KHonKe Browse. BKjiaAKa Solution CAyacHT aah Ao6aBjieHHH b TeicymHH 
npoeKT ccbijiKH Ha c6opKii, co3AaHHbie b ApyroM npoeKTe 3Toro ace pememiH. Pa3ACA COM 
b AnajioroBOM OKHe Reference Manager no3BOJiaeT noAymiTb AOCTyn k HeynpaBAneMOMy 
COM-cepBepy H3 ynpaBjiaeMoro KOAa aepea ic./i acc - 11 peAc ra is in ca Pj , ainoMa'iri'iecKTi 
reHepupyeMbiH Visual Studio. BKJiaAKa Browse no3BOJiHeT BbidpaTb cdopKy, hcaubho 
A odaBJieHHyio b Apyroii npoeKT. 

l Ito6i>i cdopKii OTodpaacajracb b cniicKe Ha Bicaa/uce .NET, BbinoAHiiTe HHCTpyKUHH 
no a/rpecy: 

http://msdn.microsoft.com/en-us/library/wkze6zky(v=vs.110).aspx 


Mcno/ib 30 BaHne ym/iiiTbi Assembly Linker 

Bmccto KOMniuiHTopa C# aah C03AaHiiH cdoprai MoacHO 3aAeiicTBOBaTb komhohobhuik 
cdopoK (assembly linker) AL.exe. 3ia yTHjiHTa oi<a.3ijiiiaeTca kctath, ecu n HyacHO C03Aa- 
BaTb cdopKII 113 MOAVACii, CKOMnOHOBaHHbIX pa3HbIMII KOMnHJIHTOpaMH (eCJIH KOMmi- 
jihtop H3biKa He noA/tepacHBaeT napaMeTp, aKBHBajieHTHbiii napaMeTpy /addmodule H3 
C#), a TaKace b ciiyuae, Kor^a Tpeooisamia k ynaKOBKe cdopKii Ha momciit komhohobkii 
npocTO He H3BecTHbi. yTHjiHTa AL.exe npuro/uia h aah komhohobkii cdopoK, coctohiiihx 

HCKAIOHHTeAbHO H3 pCCypCOB (HAH COnyTCTByiOmHX c6opOK — K HUM MbI 61116 BepHCMCa), 
KOTopbie odbiuHO Hcnojib3yiOTCJi /i,./1 a .toic;i.. i ii.iai lit n IIO. 

yTimiiTaAL.exe MoaceT reHepiipoBaTb cjiaiuibi cfsopMaTa EXE hjih DLL PE, KOTopwe He 
coAepacaT Himero, KpoMe MaHiicjiecTa, omicbiBaiomero Timbi H3 Apyrux MOAyAeiT. HTodbi 
noHHTb, KaK padoTaeT AL.exe, CKOMnoHyeM cdopKy MultiFileLibrary.dll no-ApyroMy: 

esc /t:module RUT.cs 
esc /trmodule FUT.cs 

al /out: MultiFileLibrary.dll /t:library FUT.netmodule RUT.netmodule 

OaiiAbi, reHepiipyeMbie b pe3yAKraTe iicnoAHeHim stiix komaha, noKa3aHbi Ha piic. 2.3. 
B 3tom npiiMepe C03Aai0TOi Ana OTACAbHbix MOAyaa, RUT.netmodule h FUT.netmodule. 
06a MOAyaa He abajiiotch c6opKaMii, TaK KaK hc coAepacaT Ta6Aim MeTaAaHHbix MaHiicjie- 
CTa. TpeTiiii ace — MultiFileLibrary.dll — sto HedoAbman 6n6jnioTeKa PE DLL (nocKOAbKy 
OHa CKOMnoHOBaHac napaMCTpoM /t [arget]: library), b KOTopoii HeT IL-KOAa, a TOAbKO 
Ta6Aiiu,bi MeTaAaHHbix MaHiicjiecTa, yKa3biBaiomHe, uto cjiaiiAbi RUT.netmodule n FUT. 
netmodule bxoaht b cocTaB c6opKii. Pe3yAbmpyiomaH c6opKa coctoiit 113 Tpex cjiaiiAOB: 
MultiFileLibrary.dll, RUT.netmodule h FUT.netmodule, TaK KaK komhohobiuhk c6opoK He 
«yMeeT» ooiamiuuitP) piccko. i i^ico (jiarLioii b oahh. 

yrHAHTa AL.exe MoaceT reHepiipoBaTb Pl£-<))air./p p>i c koiico. ii.ipiiI.vi h ipar}) ii'icckipm 
HHT epcjieiicoM, a TaKace cjiaiiAbi npimoaceHiiii Windows Store c noMombio napaMeTpoB 
/t[arget] :exe, /t[arget] :\A/inexe hah /t[arget] :appcontainerexe). Oahako 3to 
AOBOA bHO HeodbiHHO, nocKOAbKy oanauacT, 'no 6yAeT creHepupoBaH iiciio.niMe.vibiii 
PE-cjiaiiA, coAepacamnii He 6oAbme IL-KOAa, neM HyacHO aah Bbi30Ba MeTOAa 113 Apyroro 
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MO/iyjiH. L lxo6b[ yKa3aTb, KaKOH mcxo/i, ;i,Oji>kcii Hcnojib30BaTbCH b icanccruc uxo/pioii 
TOAKIl, 3a/iaHTe npH BbI30Be KOMnOHOBLAHKa c6opOK napaMeTp KOMaHAHOH CTpOKH 
/main. I Ipmsc/iCM npimep Bbi30Ba AL.exe c 3thm napaMeTpoM: 

esc /t:module /r:MultiFileLibrary.dll Pnogram.es 
al /out:Program.exe /t:exe /main:Program.Main Program.netmodule 


RUT.netmodule RUT.netmodule 




Il-KOfl. CreHepMpOEaHHblM 
npu KOMnnnnuiiM RUT.cs 




MeTanaHHbie 

Tunbi, MeTOflbi n flpyrHe cyiflHoc™, 
onpefleneHHbie b RUT.cs 

Tunbi, MeTOflbi m flpyrne cyiflHoc™, 
Ha KOTopbie ccbmaeTcs RUT.cs 





IL-KOfl, creHepHpoBaHHbiii 
npH KOMnMflHflMH FUT.cs 




MeTanaHHbie 

Tunbi, MeTOflbi M T.fl., 
onpefleneHHbie b FUT.cs 

Tlinbl, MeTOflbi M T.fl., 

Ha KOTopbie ccbmaetcsi FUT.cs 



MultiFileLibrary.dll 


(1L-K0fl OTCyrcTByeT) 

MeTanaHHbie 

Ta6anubi ccbmoK 
n onpefle/ieHHM OTcyTCTByioT 


MaHn4>ecT 

cpaia/ibi cbopKM (MultiFileLibrary.dll, 
RUT.netmodule n FUT.netmodule) 
OiKpbiTbie ((raiinbi c6opkm 
(RUT.netmodule m FUT.netmodule) 


Pmc. 2.3. MHoro<t>afi.noBas c6opKa n3 Tpex ynpaBJiseMbix MOAysefi m MaHi/i<i>ecTa 

I lepiiaxi CTpoKa KOMnoHyeT Program.es b Mo/tyjib, a BTopaa leiiepnpycx He6ojibinoii 
PE-cjiaiin Program.exe c xa6. : mi[,a\iii Mcxa/iamibix Mami():)ccra. B ne.vt xaioice iiaxo/tnxoi 
iic6o.ii)iiiari rjio6ajibHan (jiyiiKniui, creHepupoBaHHaa AL.exe S.iaro/tapa napaMeTpy 
/main: Program.Main. 3ia(JiymoiHa,_EntnyPoint, co/tepKHT cjie/tyiomiiH IL-koa: 

.method privatescope static void _EntryPoint$PST06000001() cil managed 

{ 

.entrypoint 

// Code size 8 (0x8) 

.maxstack 8 
IL_0000: tail. 

IL_00@2: call void [.module 'Program.netmodule' program: :Main() 

IL_0007: ret 

} // end of method 'Global Functions'::_EntryPoint 
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KaK BiiAHTe, 3tot koa npocTO Bbi3biBaeT MeTOA Main, coAepacammica b Time Program, 
KOTopbiii onpeAeAeH b (jiaime Program.netmodule. IlapaMeTp /main, yica3aHHbm npn 
Bbi30Be AL.exe, 3Aecb He caiiuikom iio.ic.3Cii, TaK KaK np>i/r ah bh Kor/[,a-. ; in6o 6yAeTe 
C03AaBaTb npimoacemie, y KOToporo TOUKa BxoAa pacnoAoaceHa He b PE-cjiaime c Ta6.ni- 
u,aMH MCTa/iaimi.ix .viauucJiecTa. 3Aecb stot napaMeTp ynoMimyT on mi. jyisi Toro, uto6m 
Bbi 3HaAH o ero cymecTBOBaHiiii. 

B nporpaMMHOM KOAe aah AaHHoii khhth iiMeeTca (JiaiiA Ch02-3-BuildMultiFileLibrary. 
bat, b KOTopoM HHKancyjmpoBaHbi nocACAOBaTeAMio bcc mani nocTpoemiH MHorocjiaiiAO- 
Boii c6opKii. IIpoeKT Ch02-4-AppUsingMultiFileLibrary b Visual Studio BbinoAHaeT AaHHbiii 
(jian./i Ha oiane iipe/uiapitTC.tbiioro iiocipoemm. Ilayienue .910 ro npimepa iiomoacct BaM 
noHHTb, KaK HHTerpupoBaTb \i 11 o r rx})aii..TOny 10 cdopKy 113 Visual Studio. 


BionoHeHue b c6opKy 4>aPmoB pecypcoB 

Ecah cdopKa coa/piercM c AL.exe, napaMeTp /embed[resource] noaiio./iMcr /looaiiirib 
b cdopKy cjiaiiAbi pecypcoB (cfiau./i 1.1 b (jxip.viaTC, otaiiuhom ot PE). IlapaMeTp npiiHHMa- 
eT ak)6oh (jiaii./i 11 BKAiouaeT ero coAepxu.vioe b pe3yAbmpyioiuiiH PE-cjiaiiA. Ta6Aim,a 
ManifestResourceDef b .viamicjiecTC oonoii./uieiCM, OTpaacan HaAiiune iimioro pecypca. 

YTHAHTa AL.exe noAAepaciiBaeT TaKAce napaMeTp /link[ resource], KOTopbiii npn- 
HiiMaeT <})aii. : i c pecypcaMii. O/uiaKO napaMeTp toabko ooiioii.uict TadAHijbi ManucjiccTa 
ManifestResourceDef h FileDef CBeAemraMii o pecypce h o tom, b KaKOM (JiaiiAe 
cSopKii oh uaxo/urrcM. CaM (jiaii.i c pecypcaMii He hiicxpmctcm b PE-cjiaii.i cdopKii, 
a xpaiiuTCM OTAeAbHO 11 iioaacacht ynaKOBKe h pa3BepTbiBaHiiio BMecTe c ocTaAbHbiMii 
cjiaiiAaMii cdopKH. 

n P I/I M EH AH ME 

BcJianjiaxynpaBJineMon c6opkh coAepxmca Taioxe cjiana MaHucfiecTa Win32. noyMoanaHnio 
KOMnn/iaTop C# aBTOMaTunecKn co3AaeT cjiaPia MaHncJrecTa, OAHaKO eMy moxho 3anpeTHTb 
3 to AeaaTb npn noMOiun napaMeTpa /nowin32manifest. nporpaMMHbin koa MaHn<t>ecTa, 
reHepnpyeMoro KOMnnunTopoM C# no yMoriHaHuio, BbimuAUT cueAyioiAnM o6pa30M: 

<?xml version="1.0" encoding="UTF8" standalone="yes"?> 

<assembly xmlns="urn:schemasmicrosoftcom:asm.vl" manifestVersion="l.0"> 
<assemblyldentity version="l.0.0.0" name="MyApplication.app" /> 

<trustInfo xmlns="urn:schemasmicrosoftcom:asm.v2"> 

<security> 

<requestedPrivileges xmlns="urn:schemasmicrosoftcom:asm.v3"> 

<requestedExecutionLevel level="asInvoker" uiAccess="false"/> 
</requestedPrivileges> 

</security> 

</trustInfo> 

</assembly> 


IIoao6ho AL.exe, CSC.exe no3BOAHeT ofn.e/uiimT. pecypcbi co cdopKoii, reHepiipy- 
eMoii KOMniiAHTopoM C#. IlapaMeTp /resource Ko.vnui. : uno|)a C# BKAiouaeT yKa3aH- 
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Hbiii <|)aii.;i c pecypcaMii b pe3yjibTHpyiomiiH PH-<})aii. : i cdopKii h ooiiob. imct Tadjmijy 
ManifestResourceDef. IlapaMeTp KOMniuiHTopa /linkresource AodaBJiaeT b Tadjiimbi 
Manifest ResourceDef h F ileDef 3aimcH co ccmjikoh Ha OTAejibHbiii cjaaiiji c pecypcaMH. 

H iiocjic/piee: b c6opKy mo>i;iio isK. iioam b CTaH/tapTHbie pecypcbi Win32. 3to jier- 
ko c/i,ejiaTb, yKa3aB npn Bbi30Be AL.exe hjih CSC.exe nyTb k RES-cjiaHJiy h napaMeTp 
/win32res. KpoMe Toro, mcokho nerKO mc. iioam b CTaiiaapTiibiii pecypc sna'iKa Win32 
b cJjafiji c6opKii, yKa3aB npn Bbi30Be AL.exe hjih CSC.exe nyTb k ICO-cjiaiuiy h napa¬ 
MeTp /win32icon. B Visual Studio (jianji pecypcoB AodaBJimoT b cdopicy Ha BKJiaAKe 
Application b /uianoroBOM OKHe cbohctb npoeKTa. OdbiHHO 3HanKii BianonaiOT, uTodbi 
IlpoBOAHHK Windows (Windows Explorer) Mor OTodpaacaTb anaaoK jsj in ynpaBjiaeMoro 
HcnojiHneMoro cjianjia. 


Pecypcbi co ceeAeHiiqMii o Bepcnn c6opKn 

Kor/ta yTHjiHTa AL.exe hjih CSC.exe reHepupyeT cdopicy b rw/ic PE-cjiaiijia, OHa Taicace 
BKJiiouaeT b 3tot 4*aiiji cTaHAapTHbiii pecypc Bepcini Win32. Ilojib30BaTejiH MoryT yBii- 
ACtb BepcHio, npocMaTpiiBan CBOiicTBa <})aiL : ia. /[jhi nojiyaemia o roii HiicfiopMaunH 113 
nporpaMMbi cjiyacHT CTaTHuecKHH mctoa GetVersionlnfo mna System. Diagnostics. 
FileVersionlnfo. Ela puc. 2.4 noKa3aHa BKJiaAKa Details /uiajioroBoro oKHa cbohctb 
4)aiijia Ch02-3-MultiFileLibrary.dll. 


Ch02-3-MultiFiteLibrary.dll Properties x 


| General | Security | Details | 


I Property 

Value 


uesLiipuuri 


File description 

MultiFileLibrary.dll 

Type 

Application extension 

File version 

1.0.0.0 

Product name 

Wintellect (R) MultiFileLibrary's Type Lib... 

Product version 

2.0.0.0 

1 Copyright 

Copyright (c) Wintellect 2013 111 

Size 

5.00 KB 

Date modified 

6/18/2012 2:36 PM 

Language 

Language Neutral 

Legal trademarks 

MultiFileLibrary is a registered trademark... 

Original filename 

Ch02-3-M ultiFileLibrary. dll 

Remove Properties and Personal Information 


OK | | Cancel | | Apply 


Pnc. 2.4. Bx/iaAKa Details Ana/ioroBoro OKHa cboFictb cfiarma Ch02-3-MultiFileLibrary.dll 
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IIpH nocTpoeHim c6opKii CJie/tyex 3anaBaTb onaueimM nojien Bepcnn b hcxoahom 
T eKCTe nporpaMMbi c noMombio ciiCHiia./inaiqioisaimiiix aTpn6y'ion, npnMeHfleMbix Ha 
ypoBHe c6opKii. Bot KaK BbirjiHAHT ko/p renejAipyiomnn HH^opMapnio o Bepcnn, no- 
Ka3aHHyio Ha puc. 2.4. 

using System.Reflection; 

// HH^opMaann Bepcnn nons FileDescription: 

[assembly: AssemblyTitle("MultiFileLibrary.dll")] 

// HHcjjopMapns Bepcnn nons Comments: 

[assembly: AssemblyDescription("This assembly contains MultiFileLibrary’s types")] 

// HHcjjopMapns Bepcnn nons CompanyName: 

[assembly: AssemblyCompany("Wintellect")] 

// HHcjjopMapnfi Bepcnn nona ProductName: 

[assembly: AssemblyProduct("Wintellect (R) MultiFileLibrary’s Type Library")] 

// klH^opMauna Bepcnn nons LegalCopyright: 

[assembly: AssemblyCopyright("Copyright (c) Wintellect 2013")] 

// HH^opMauns Bepcnn nons LegalTrademarks: 

[assembly:AssemblyTrademark("MultiFileLibrary is a registered trademark 

of Wintellect")] 

// HHcjjopMapnH Bepcnn nona AssemblyVersion: 

[assembly: AssemblyVersion("3.0.0.0")] 

// HHcjjopMapns Bepcnn nona FILEVERSION/FileVersion: 

[assembly: AssemblyFileVersion("1.0.0.0")] 

// HH<j)opMauna Bepcnn nona PRODUCTVERSION/ProductVersion: 

[assembly: AssemblyInformationalVersion("2.0.0.0")] 

// 3aaaTb none Language (cm. aanee pa3flen "PernoHanbHbie CTaHflapTbi") 

[assembly:AssemblyCulture("")] 


BHMMAHME 

KcoxaaeHnio, b AnaaoroBOM OKHe cbomctb npoBOAHWKa Windows OTcyTCTByiOT noaa flan 
HeKOTopbixaipndyTOB. B nacTHOCTn, 6bmo 6bi OHeHbyAo6HO, ecan 6bi b HeM OTobpaxaacn 
aTpn6yT AssemblyVersion, noTOMy hto cpeAa CLR ncnoab3yeT3HaHeHwe 3Toro aTpnbyia 
npn 3arpy3Ke cbopKn (06 stom paccKa3aHO b raaBe 3). 


B Ta6ji. 2.4 iicpc i mc./[ciii)i iio./ih pecypcaco cisc/i,cimM.Mii o Bepcnn h cooTBeTCTByiomHe 
hm aTpH6yTbi, onpeAejiaeMbie nojib30BaTejieM. Ecjiii c6opica KOMiionycTca yTnjinTon 
AL.exe, cncAeimn o licpcnn mojkho .aa/piTb napa.viCTpa.vin KOMaiMiioii ctpokh bmccto 
aTpnSyTOB. Bo btopom cto.mohc Ta6ji. 2.4 noKa3aHbi napaMCTpbi KOMan/piori CTpoKii /pi m 
KaKAoro 11o. i m pecypca co ci:c/i,cimaMii o Bepcnn. 06paTHTe BHiiMaHne Ha OTcyTCTBne 
ana. ionnmbix napa.viCTpoii y KOMnnjiHTopa C#; iio.otomv ciie/i,eim3 o Bepcnn o6biHHO 
3a/i,aiOT, npnMenua cneiLHajnmipoBaHHbie aTpn6yTbi. 
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Ta6.ni/iua 2.4. norm pecypca co CBeueHMHMM o BepcMM m cooTBeTCTBytoiuMe 
mm napaMeipbi AL.exe m nonb 30 BaTe/ibCKMe aipMOyibi 


rio/ie pecypca 
co CBeAeHuqMM 

o Bepcnn 

napaMeTp AL.exe 

ATpM6yT/KOMMeHTapi/iii 

FILEVERSION 

/fileversion 

System. Reflection. 
AssemblyFileVersionAttribute 

PRODU CTVERSION 

/productversion 

System.Reflection.Assemblylnformational- 

VersionAttribute 

FILEFLAGSMASK 

EleT 

Bceraa 3ap;aeTCH paBHbiM VS FFI 
FILEFLAGSMASK (onpeaejifleTCH 
b WinVer.h KaK 0x0000003F) 

FILEFLAGS 

EleT 

Bcerna paBeH 0 

FILEOS 

EleT 

B HacTOHiriee BpeMH Bcerna paBeH VOS 
WINDOWS32 

FILETYPE 

/target 

3aaaeTCH paBHBiM VFT_APP, ecjin 3anaH 
napaMeTp /target:exe hjih /target:winexe. 

IIpH HajrauHH napaMeTpa /targetdibrary 
npripaBHHBaeTCH VFT_DLL 

FILESUBTYPE 

EleT 

Bceraa 3anaeTCH paBHMM VFT2 

UNKNOWN (sto none He HMeeT 3HaueHiiH 
MSi VFT APP n VFT DLL) 

Assembly Version 

/version 

System. Reflection. 

Assembly VersionAttribute 

Comments 

/description 

System. Reflection. 
AssemblyDescriptionAttribute 

CompanyName 

/company 

System. Reflection. 

AssemblyCompany Attribute 

FileDescription 

/title 

System.Reflection.AssemblyTitleAttribute 

FileVersion 

/version 

System. Reflection. 

Assembly VersionAttribute 

InternalName 

/out 

3ap,aeTcn paBHBiM 3anaHHOMy HMemi bbixop,- 
Horo cjraioia (6e3 pacmiipemiH) 

LegalCopyright 

/copyright 

System. Reflection. 
AssemblyCopyrightAttribute 

LegalTrademarks 

/trademark 

System. Reflection. 

Assembly TrademarkAttribute 
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rio/ie pecypca 

CO CBeAeHMflMM 

o Bepciin 

napaMeTp AL.exe 

ATpudyr/KOMMeHTapuii 

OriginalFilename 

/out 

3aAaeTCH paBHbIM 33AaHHOMy HMeHH BblXOA" 
hoto (Jjafuia (6e3 nyra) 

PrivateBuild 

HeT 

Bceraa ocTaeTca nycTbiM 

ProductName 

/product 

System. Reflection. 

Assembly ProductAttribute 

ProductVersion 

/productversion 

System. Reflection. Assembly Informational- 
VersionAttribute 

SpecialBuild 

HeT 

Bceraa ocTaeTca nycTbiM 


BHMMAHME 

npn co3AaHnn HOBoro npoeKTa C# b Visual Studio <ba tin Assemblylnfo.es reHepnpyeTcn 
aBTOMaTunecKn. Oh coAepxm Bceaipn6yTbi cbopKM, onncaHHbie botom pa3Aene, aiaioKe 
HecKO/ibKO Aono/iHMTenbHbix — o hi/ix penb maot b maBe 3 . Moxho npocTO OTKpbiTb c^aim 
Assemblylnfo.es h M3MeHmb OTHOcniAMecn k KOHKpeTHOM cbopKecBeAeHMn. Visual Studio 
Taiotce npeAOCTaB/ineT AHanoroBoe okho A-nn peASKTi/ipoBaHi/in i/iH<bopMau,Mn o Bepcm/i 
cbopxM, KOTopoe M3o6pa>KeHO Ha phc. 2 . 5 . 



Pmc. 2.5. fluaaoroBoe okho c nH<t>opMau,neti o cbopKe b Visual Studio 
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QiaBa 2. KoMnoHOBKa, ynaKOBKa, pa3BepibiBaHne n aAMUHi/iCTpi/ipoBam/ie npwioxeHi/ii/i 


HoMepa Bepcnn 

PaHee 6buio noKa3aHO, tio c6opKa mo/icct HACHTHcjiHUHpoBaThCH no HOMepy iscpcrni. 
y 'tacicii 3Toro no.vicpa OAiinaKoni>iii cJiop.vtaT: KaacAan coctoht h3 4 'lac'icii, paa/iCAen- 
Hbix TonKaMii (Ta6ji. 2.5). 


Ta6/uiL(a 2.5. OopiviaT HOMepoB Bepcnn 



CTapLUMM 

HOMep 

Mji a aluhm 

HOMep 

HoMep 

KOMnOHOBKIl 

HoMep 

peflaKAMM 

IlpuMep 

2 

5 

719 

2 


B Ta6ji. 2.5 noKa3aH npimep no.vicpa Bepcnn 2.5.719.2. IlepBbie aisc nncjipbi cocraB- 
ahiot to, tio oobcmo noHiiMaiOT 11o/i, HOMepoM Bepcnii: iio. ibaoiiaic/m 6y/iVT cimai b 
HOMepoM Bepcnii 2.5. TpeTbe hhgao, 719, yKa3biBaeT HOMep nocTpocmm. Ecah b Bameii 
KOMnamm c6opica ctpohtch Ka/K/iiaii /icm., yiKcni'iiinaTb stot HOMep iia/io oicc/iiicmio. 
I loc/ic/iiicc 'ihc/io 2 — HOMep pc/iannnii cdopKii. Ecjih b KOMnaHim c6opKa CTponTca 
ABa/KAbi b AeHb (cica>i(CM, iioc/ic HcnpaBAeHiiH KpHTHnecKOH h ODMaaTe/ibiioii k He- 
MeAAeHHOMy iicnpaBAeHiiio oihh6kh, TopM03iiBmen bcio pa6oTy HaA npoeKTOM), haao 
yBeAimiiBaTb HOMep peAAKH,iiH. TaKaa cxeMa HyMepaH,ioi Bepcnii npiiHHTa b KOMnaHim 
Microsoft, ii h HacTOHTeAbHO peKOMeHAyio eii cacao Barb. 

06paTiiTe BHiiMaHiie: co cdopKoii CBH3aHbi Tpii HOMepa BepcHH. 3to oneHb HeyAanHoe 
peuieHiie CTa./io hctohhhkom cepbe3Hoii nvTannnbi. IIonpo6yio ofnaiciniTb, a a a ncm 
HyAceH Ka/ic/iia ii 113 sthx HOMepoB h KaK ero npami.ibno ncnojib30BaTb. 

□ AssemblyFileVersion — stot HOMep BepciiH xpanmcn b pecypce Bepcrai Win32 
h npeAHasHaneH Aiinib aah iiHcjiopMauiiii, CLR ero no/iHOCTbio iirHopiipyeT. 06hhho 
ycTaHaBJiiiBaiOT CTapmiiii h M/iaAiniiii HOMepa Bepcnii, onpeAeAmomne OTo6paacaeMbiii 
HOMep Bepcnii. /laAee npn Ka/K/ioii komhohobkc yiiC/maiibaiOT HOMep komhohobkii h 
peAaKH,nn. TeopeTiinecKii HHCTpyMeHT ot KOMnaHiin Microsoft (nanpii.vicp, CSC.exe 
hah AL.exe) /ioji/kcii airi'o.viaTii'iccKii ooiioh. imti, HOMepa komhohobkii h pc/iaicim n 

(b 3aBHCHM0CTH OT AATbl II BpeMCHH Ha MOMCHT KOMnOHOBKIl), HO 3T0T0 He npOHC- 

xoaht. 3tot HOMep Bepcnii OTobpaacaeTcn IIpoboahhkom Windows n GAyacnT aah 
onpeAeAeHiiH to'ihoio npc.vicmi komhohobkii coopi/n. 

□ AssemblylnformationalVersion — stot HOMep Bepcnii Taioicc xparaiTca b pecypce 
Bepcnii Win32 n, KaK n npeAbiAymnii, npcAnaonancn Aiinib aah HH(|)opMaH,HH; CLR 
ero iiraopupyeT. 3tot HOMep CAyacnT aah yKa3aHim Bepcnii npoAyKTa, b KOTopbiii 
bxoaht coopi/a. Hanpimep, npoAyKT Bepcnii 2.0 mo/icct cocTOHTb h 3 HecKOAbKiix 
cdopoK. OAHa ii3 hhx mcj/kci' OTMCiaTbca KaK Bepcim 1.0, ecAH sto nonaa cdopKa, He 
BxoAHBmaa b KOMnAeKT nocTaBKii npoAyKTa Bepcnn 1.0. Oobinno OTobpaacaeMwii 
HOMep Bepcnii (jjopMiipyeTca ii3 CTapmero h MAaAmero HOMepoB Bepcnn. 3aTeM 
HOMepa KOMnoHOBKii n pcAaKiriiii yiic./maiibaioi' npn Ka/ic/ioii ynaKOBKe Bcex cdopoK 
roTOBoro npoAyKTa. 




PerMOHa/ibHbie ciaHAap™ 
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□ AssemblyVersion — stot no.vicp Bepcnn xpamncH b mhiiikIicctc, b Tabjinpe MeTa- 
AaHHbix AssemblyDef. CLR ncnojib3yeT stot HOMep Bepcnn fljia npHB>T3Kii k c6op- 
KaM, HMeiomHM CTporne HMeHa (o hmx paccKa3aHO b i./ranc 3). 3tot HOMep Bepcnn 
'ipes.iibi'iaiiiio na'/KCii, TaK KaK oh o/iiioaiia'mo Hflci micfmuHpycT cbopKy. Han 11 nan 
pa3pa6oTKy cbopKH, caeflyeT 3afl,aTb CTapuinn n MjiafluiHn HOMepa Bepcnn, a TaKace 
HOMepa KOMHOHOBKii h peflaKpn it He Moii h ir ic hx, noKa He 6v;ictc roTOBbi nanaTb 
paboTy Hap, cjieflyromen Bepcnen cbopKH, npnroflHon ajih pa.'siicpTbiiiainiM. Ilpn 
C03/i,aHHH c6opKn, ccbuiaromencH Ha /ipyryio, stot HOMep Bepcnn mc iioMacTCH b Hee 
b bhac 3anncn Tabjinubi As semblyRef . 3to 3HauHT, hto cbopKa 3HaeT, c KaKon Bepcn- 
en OHa 6buia nocTpoeHa n npoTecTnpoBaHa. CLR mO/KCt 3arpy3HTb flpyryio Bepcnio, 
hci lo. r i>3vti MexaHH3M nepeHanpaBjieHnu npiiBH3KH, onncaHHbin b rjiaBe 3. 


PerMOHa/ibHbie CTaHflapTbi 

ITomhmo HOMepa Bepcnn, cbopKH Hfl,eHTii4)im,HpyiOT pemoHcuibHUMU cmandapmoMU 
(culture). HanpnMep, o.uia cbopKa mo/i-cct 6biTb iicic iio'nrre.abiio Ha HeMeiucoM aabiice, 
Apyraa — Ha miiciiuapcKOM BapnaHTe HeMeuKoro, apcTba — Ha aMepiiKaHCKOM aHrann- 
ckom n t. A- Penioiia. ibiibic CTaHflapTbi n/ieHTncj)HH,HpyiOTCH CTpoKon, coflepacameii 
ocHOBHon n ncr lo.vioi aac. r f>fii>i ii Tern (KaK onncaHO b RFC1766). HecKOJibKO npriMepoB 
ii|)iiiic/iciio b xa6./i. 2.6. 


Ta6jiML(a 2.6. npmviepbi TeroB, onpefle/isnomnx pemoHaribHbie CTaHflapTbi cbopKH 


OchobhomT er 

BcnoMoraTe/ibHbiM Ter 

PemoHajibHbie CTaHflapTbi 

De 

EleT 

HeMeuKiiii 

De 

AT 

AbCTPHHCKHII HeMeflKHH 

De 

CH 

IIlBeimapcKiiii HeMeflKiiii 

En 

EleT 

AHrjIHHCKHH 

En 

GB 

AHrjIHHCKHH 

En 

US 

AHrjIHHCKHH 


B o6meM cjiyuae cbopKaM c koaom iic naaiia'iaiOT pernoHajibHbie CTaHflapTbi, TaK KaK 
KOfl oobiaiio He coflepacnT aaiiiiCHiioix ot hiix BCTpoeHHbix napaMeTpoB. C6opKy, ajih 
KOTopoii He onpeflejieH pernoHajibHbin CTaHflapT, Ha3biBaiOT cbopKoii c HeumpaubHUMU 
pezuoHOJimbiMU cmandapmoMU (culture neutral). 

Llpn co 3 fl,aHnn npruioacemiH, pecypcbi KOToporo iipiiisaaaiibi k peniona. ibUbi.M CTaH- 
flapTaM, KOMnaHiiH Microsoft HacTOHTejibHO peKOMeHflyeT o 6 beflHHHTb nporpaMMHbiii 
pecypc n pecypcbi npruioaceHim no y.vio./ 1 'iaimio b oahoh c 6 opKe n He iiaanaHai b en 
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l/iaBa 2. KoMnoHOBKa, ynaKOBKa, pa 3 BepTbiBam/ie n aAMMHucTpi/ipoBam/ie npu/ioxeHMfi 


pemoHajibHbix c/ran/pip'i ois npn nocTpoeHim. /Jpynie cbopKH ny/ty'i ccbuiaTbca Ha Hee 
npn coiyaiiiiii h pa6oTe c TimaMH, KOTopbie OHa iipc/tocTaii.iMCT /iyin o6mero nocryna. 

I loc.'ic 3TOTO MOaCHO C03AaTb 0/1,1 IV HJIH HeCKOJIbKO OTAejIbHblX c6opoK, co;i,cp>Kamnx 
TOJibKO pecypcbi, nan nomine ot pemoHajibHbix CTan/iapTon, h HiiKaKoro nporpaMM- 
Horo no/ia. C6opKii, noMCieimbic ana npiiMcnciiHM b onpc/ic/iemibix pemoHajibHbix 
CTaH/i,apTax, Ha3biBaiOT conymcmeymuyAMU (satellite assemblies). PeniOHajibHbie CTaH- 
AapTbi, iia3iia'iciini)ie TaKoii cbopice, b tohhocth OTpaacaiOT peniOHajibHbie cran/iapTbi 
pasMeiueimoro b Heii pecypca. Peia/Mcn/iyercM co3,a,aBaTb o'lyie/ibimo conyTCTnyiomyio 
c6opKy ana Kaac,a,oro periiOHaubHoro CTaHnapTa, KOTopbiii bbi HaMepeHbi no/mepaaiBaTb. 

06mhho coiiyTCTisyiomne cbopicii ctpohtch npn iioviomn yTHjiHTbiAL.exe. He ctoht 
nciio;[i)30isaTij ana 3Toro ico.vinn./iMTop — ise/ib b coiiyTCTiiyioincii c6opKe He AO/iacHO 6biTb 
nporpaMMHoro no/ia. I Ipn.viciiMM yrajiKTy AL.exe, MoacHO .la/iaxb ace/iaeMbie pernoiia.ib- 
Hbie CTaH/i,apTbi napaMeTpoM /c[ulture]: text, iyte text — 3to CTpoKa (Hanpimep, en-US, 
npcacTaii./iMiomaM avK/pni/ancKiin BapiiaHT amviniicKom H3biKa). I Ipn pa3BepTbiBaHiin 
conyTCTByiomHe c6opKH c/ie/iycr noMemaTb b iio/[Kaia;ioi', hmh KOToporo conna/iaer 
cTeKCTOBoii CTpoKoii, ii;i,eirrii())iinii|:)yi()meii peniOHajibHbie CTaH/tapTbi. Hanpimep, ecan 
6a30BbiM KaTaaoroM npiuioacemm HBJuieTCH C:\MyApp, conyTCTByiomaH cbopKa/yia aMe- 
puKaHCKoro BapnaHTa aiir./iniicKoro aiibii/a nojiatHa 6biTb b KaTajiore C:\MyApp\en-US. Bo 
BpeMH isbiiio. iiicmi a AOCTyn k pecypcaM conyTCTHVTomen cbopKii ocymecrii. iMioT nepea 
KJiacc System. Resources. ResourceManager. 

nPMMEHAHME 

Xom 3 to u He peKOMeHAyeTca, moxho C03AaBaTb conyrcTByiOLAne cbopKH c nporpaMM- 
HbiM koaom. Ilpu xe/iaHuu BMecTO napaMeipa /culture yTmiHTbi AL.exe pernoHa/ibHbii/i 
CTaHAapT moxho yi<a3aTb b aTpn6yre System.Reflection.AssemblyCulture, onpeAe/weMOM 
no/ib30BaTe/ieM, Hanpuiviep, c/ieAyioiAHM o6pa30M: 

// Ha3HasnTb rrh c6opKn pernoHa/ibHbiii CTaHflapT Swiss German 
[assembly:AssemblyCulture("de-CH")] 

B obmeM c./iyiac He ctoht coa/iana'ib cbopKH, ccbLiaiomncca Ha conyTCTByiomHe 
cbopKH. /IpyrHMH caoBaMH, bcc 3anHCH Ta6jHm,bi AssemblyRef AOJiacHbi ccbuiaTbca Ha 
cbopKH c iicii'ipajibiibiMii pemoHajibHbiMH ("[aii/iap'iaMii. Ecjih iieo6xo/in\io nojiymiTb 
AOCTyn k TiinaM hjiii HjieHaM, pacnojioaceHHbiM b conyrcTByiomeH cbopKe, cne/tyeT boc- 
iio.iij.sonai bCM MexaHH3MOM OTpaaceHHH (cm. r/iaBy 23). 


Pa3BepTbiBaHue npocTbix npi/moxeHi/m 

(3aKpbiToe pa3BepTbiBaHne c6opok) 


PaHee b stoh raaBe 6 buio noKa 3 aHO, KaK CTpoiiTb Mo/tyjin h oo'be/inmnb hx b coopiai. 
nopa 3 aHHTbCH ynaKOBKOIl H pa 3 BepTbIBaHH 6 M cbopOK, HTo 6 bI n 0 JIb 30 BaTeab MOr pa- 
6 oTaTb c npiiJioaceHHeM. 


Pa3BepTbiBaHne npocibix npmioxeHuPi (3aKpbiToe pa3BepTbiBaHue c6opok) 89 

J\jia ii|)ii. io>KCimii Windows Store ycTanaisjimsaiOTCii HCKjnouHTejibHO acecTKiie 
npaBHjia ynaKOBKii cdopoK. Visual Studio ynaKOBbiBaeT Bee cdopicn, neodxo/uiM i>ic 
npnjioaceHHK), b o;imi (jiaiiji .appx, KOTopbiii jnido O'mpan./iacTOi b Windows Store, 
.'11160 3arpyacaeTcn Ha MamiiHy. Koraa rlo.r li.ioiujaearycTaHaBJiiiBaeT <})aii./i .appx, Bee 
coaepacaiitHecH b iicm cdopKii no.viemnioTCM b KaTajior, H3 KOToporo CLR .jarpyacacT 
hx, a Windows aodaiuiHCT njuiTKy npiuioaceHim Ha na'ia.ibiibiii 3KpaH noju>30BaTejni. 
Ecjiii /ipyrne nojib30BaTejui ycTaHOBHT tot ace cjiaiiji .appx, dy/tyr iicnojib30BaHbi paHee 
ycTaHOBJieHHbie cdopKH, a y hoboto nojib30BaTejia Ha iia'ia.ibiioM oicpane npocTO /to- 
6aBiiTca njiiiTKa. Koiyi,a iio. ; u,30iiaTC. ; ib yaajineT npinioaceHiie Windows Store, cncTeMa 
y/iajureT njiHTKy c HauajibHoro aicpaHa nojib30BaTejin. Ecjiii npinioaceHiie He ycTaHOBjieHO 
y apyrux nojib30BaTejieii, Windows ymi'noacacT KaTajior BMecTe co BceMii c6opica.vi h. 
Ele 3a6biBaiiTe, tio pa3Hbie nojib30BaTejni MoryT ycTaHaBJiiiBaTb pa3Hbie Bepcini oahoio 
npHjioaceHHH Windows Store. yuiiTbiBan TaKyio B03MoacHOGTb, Windows ycTaHaBJiiiBa- 
eT cdopKii b pa3Hbie KaTajiora, uTodbi HecKOJibKO Bepcnii o/uioro iipii.ioacenriH motjui 
OAHOB peMeHHO cymecTBOBaTb Ha o/u loii MainiiHe. 

J\jw iiacTO./ibiibix npujioacciiHH (He othocmiiuixcm k Windows Store) ocodbixcpc/iy/m 
j 3 j in ynaKOBKii cdopKii He TpedyeTCM. Jlerac Bcero ynaKOBaTb Hadop cdopoK, npocTO cko- 
nupoBaB Bee hx cjiaiijibi. HanpiiMep, MoacHO noMecniTb bcc tjiaii ji 1,1 cdopKii Ha KOMnaKT- 
Aiick h nepc/un b hx nojib 30 BaTejHO BMecTe c nporpaMMoii ycTaHOBKii, HanHcaHHoii 
b BH/ic naKeTHoro (jiaii./ia. Taicau nporpaMMa npocTO KomipyeT cjiaii./i 1,1 c KOMnaKT-aiicKa 
b KaTajior Ha mccctkom aucicc nojib 30 BaTejiH. IIocKOJibKy cdopicn mcno'iaci Bee ccmjikii 
h Timbi, oiipeacjmiomiie ee padoTy, eMy aocraToano 3 anycTiiTb npinioaceHiie, a CLR 
1 laiiacT b KaTajiore npu./ioaccima Bee cdopKii, Ha KOTopwe ccbuiaeTcn /lamiaa cdopica. TaK 
'no a Jim 3 anycKa iipii./io>KcmiM He iiyacno \io/[,ii c))ii 1 iiipioiiaitj. peecTp, a iTodbi y/puiHTb 
ri]) iijio>k(m 1 ue, aociaTO'ino npocTO yaajuiTb ero cjiaiuibi — 11 Bee! 

Koiic'iiio, mo>kho 11]') 11 mci iMTb ajui ynaKOBKii 11 ycTaHOBKii cdopoK apynie MexaHii3- 
Mbi, HanpiiMep CAB-cjiaiuibi (ohh odbi'ino ncnojib3yiOTCH b cueHapiinx c 3arpy3Koii 113 
HHTepHeTa ajim cacaTHH <)>aii jioii ii coKpaiuciiiiM BpeMemi 3arpy3Kii). MoacHO TaKace 
ynaKOBaTb (Jiaiuibi cdopKii b MSI-cJiaiui, 11 pc/uia:s 1 ni'ici111biii jyisi cjiyacdbi ycTaiiomuu- 
Ka Windows (Windows Installer), MSIExec.exe. MSI iio.ibojiiict ycTaHOBHTb cdopKy 
no TpedoBaHiiio upii nepBoii nonbiTKe CLR ee 3arpy3HTb. 3Ta <}>.vhiciihm He HOBa /pin 
cjiyacdbi MSI, OHa TaKace noaaepaciiisacT aiiajioni'iiiyio cjiymcmi 10 a Jin HeynpaBjineMhix 
EXE- 11 DLL-cjiaHJiOB. 

II P I/I M EH AH ME 

naxeTHbiM cjiariji nun noAobHaa npocTaa «ycTaHOBOHHaa nporpaMMa» CKonupyeT npi/i- 
aoxeHiie Ha MawuHy no/ib30BaTeriM, OAHaxo Ann C03AaHi/ia apubiKOB Ha paboneM crane, 
b MeHio riycK (Start) u Ha naHenii 6biciporo 3anycKa noHaAobmcn nporpaMMa nocnoxHee. 
KpoMe Toro, CKonripoBaTb, BOCCTaHOBnTb nun nepeMecTnTb npunoxeHue c oahom ManiMHbi 
Ha APyryio nenco, ho ccbinKi/i u npnbiKu noipe6yiOT cneuna/ibHoro obpaiAeHi/in. 


EcTecTBeHHO, b Visual Studio ecTb BCTpoeHHbie MexaHii3Mbi, KOTopbie MoacHO aa/tdi- 
CTBOBaTb jyix 11 yd. i 11 uaiin 11 iipii/ioacemiii, — 3 toACJ iacrcM Ha mcjia/pce Publish CTpaHiiubi 
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cbohctb npoeKTa. Moaoio iicnojib30BaTb ee, tpo6p>i 3 acTaBiiTb Visual Studio C03/uitp> 
MSI-ijiaiui h CKonupoBaTb ero Ha Be6-caiiT, FTP-caiiT hjih b 3a/i,aHHyio nanKy Ha mic ice. 
MSI-(jiaii./i Taicace MoaceT ycTaHOBHTb Bee iico6xo/i,hmP)IC KOMnoHeHTbi, Taiciie KaK .NET 
Framework hjih Microsoft SQL Server Express Edition. HaKOHeip npiuioaceHiie MoaceT 
aBTOMaTimecKH npoBepaTb Hajiiimie o6HOBjieHiiii h ycTaHaBjniBaTb hx Ha nojib30BaTejib- 
ckoh MaiHiiHe nocpc;i,<:"mo.\i TexHOjioniH ClickOnce. 

CdopKii, pa3BepTbiBaeMbie b tom ace KaTajiore, mto ii npiuioaceHiie, Ha3biBaiOT c6op- 
komu c 3aKpbimbiM pa36epmbieaHueM (privately deployed assemblies), Tax xax (Jiaiijibi 
coo]) kip He ncnojib3yiOTCJi coBMecTHO ApyriiMii npiuioaceHHHMH (ecjiH TOJibKO apyiTie 
npiuioaceHim He pa3BepTbiBaiOT b tom ace KaTajiore). Coopicn c 3aKpbiTbiM pa3BepTbi- 
BaHiieM — cepbe3Hoe npeHMymecTBO /pm paa.paooT'iiiicoii, KOHeuHbix nojib30BaTejieH 
H aAMHHHCTpaTOpOB, nOCKOJIbKy /UJC'ia'IO'IIIO CKonupoBaTb TaKHe cdopPCII B 6a30Bblil 
KaTanor npiuioaceHim, h CLR CMoaceT 3arpy3iiTb h HcnojiHiiTb co/iep/ivaiiuiiicM b hiix 
ko/p npiuioaceHiie jienco y/uumcica; /pm stoto AOCTaTOUHO y/iajiiiTb cdopKii 113 ero Ka- 
Tajiora. daioice yii])o p pupioich npope/iypbi pe3epBHoro KoniipoBaHim h BOCCTaHOBJieHim 
no/i,o6Hbix cdopoK. 

HecjioacHbiii cucuapiiii ycTaHOBKii/nepeMemeHim/y/i,ajieHim npiuioaceHim CTaji bo3- 
MoacHbiM 6jiaro/i,ap» iianri'iuio b KaacAOii cdopKe MeTa/i,aHHbix. MeTa/i,aHHbie yKa3bmai0T, 
KaKyio coop icy, Ha KOTopyio ohii ccbmaiOTCH, HyacHO 3arpy3iiTb — /urn stoto He HyacHbi 
napaMeTpbi peecTpa. KpoMe toto, odjiacTb bhahmocth cdopKii oxBaTbiBaeT Bee i n p i i>p . 
3to .siia'iiiT, 'no npiuioaceHiie isceiyp,a npiiBH3biBaeTCH ii.vieimo k TOMy THny, c kotophm 
oho 6 buio CKOMnoHOBaHO h npoTecrapoBaHO. CLR He CTaHCT 3arpyacaTb Apyryio cdopKy 
npocTO noTOMy, 'no OHa pi|)C/p,oc'iciiu/ixpc p ran c TeM ace iimcipcm. 3thm CLR OTjnraaeTCH 
ot COM, i/ieranbi peniCTpiipyiOTCH b cuctcmiiom peecTpe, tio /ic/iaer hx /p,ocTy 1111 i>imip 
jiiodoMy npiuioaceHino, padoTaiomeMy Ha Mamime. 

B rjiaBe 3 paccKa3aHO o pa3BepTbiBaHiin cobmcctiio ncnojib3yeMbix coopoic, /loc'iyu- 
Hbix HecKOJibKHM npHjioaceHHHM. 


npOCTOe CpeflCTBO aAMHHUCTpUpOBaHUfl 

(KOH(|)nrypaunOHHbm c^au/i) 

nojib30BaTejm h a/i.vi ip 11 picppapo])in ./lyniie bccx MoryT onpe/je/rnTb pa3Hbie acneKTbi 
padoTbi npiuioaceHim. Hanpimep, aAMiiHiiCTpaTop MoaceT peniHTb nepeMecraTb cjiaiijibi 
cdopKii Ha acecTKiiii aucic 11o. ii>,io iui pcx/ixp hjih 3aMeHiiTb ;p,aiiiii>ie b \iai[ii<})CCTe cdopKii. 
EcTb h /ipyiTie cueHapiiii ynpaBjieHim BepcimMii h y/p/uieimoi o a/iMiiiiiiCTpiipoiiaiPiia, 
o HeKOTopbix ii3 hiix paccKa3aHO b rjiaBe 3. 

J\jm Toro hto6h npeAOCTaBHTb a/iMiiHiiCTpaTopy KOHTpojib Ha a npiuioaceHHeM, MoacHO 
pa3MecraTb b KaTajiore npiuioaceHim KOH4)Hrypan,iiOHHbiH cjiaiui. Ero MoaceT co3/i,aTb 
h ynaKOBaTb iia/iaTC/ii) npiuioaceHim, nocjie ‘tern nporpaMMa ycTaHOBKii 3annmeT koh- 
(|nirypan,HOHHbiH (jpaiiji b 6a30Bbiii KaTajior npiuioaceHim. KpoMe toto, a/iMiiiiiicipaTOp 
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HJIH KOHeHHblii ll(). ; IP)3»OliaTC. IP) ManiHHbl MO>KC'l' CaM C03/Uri'P> HJIH .VT0/P,lic))PIPLll])0isa i Pj 3TOT 

cjiafiji. CLR HHTepnpeTi-ipyeT ero co;i,cp>icn.vioc /yia ii3mciiciiiph iiojihthkh noncKa h 3a- 
rpy3Kii ());iii. : ioii c6opicii. 

KoH4)iirypau,noHHbie cjiarinbi conepacaT XML-Tern h MoryT accou,iinpoBaTbCH 
C IP]) PT./10>PC< 1 1111CM HJIH C KOMnbKPTepOM. Hcn0JIb30BaHHe OTAejIbHOrO ())3 iijia (BMeCTO 
napaMeTpoB, xparaiMbix b peecTpe) no3BonaeT jierKO co3,n,aTb pe3epBHyio Konnio cjjafijia, 
a aa,MHHHCTpaTopy — 6e3 Tpyn,a KonupoBaTb cjiaiiJTbT c MamiiHbi Ha MamiiHy: AOCTaTOHHO 
CKonupoBaTb HyacHbie cjjafijibi — b pe3yjibraTe 6yn,eT TaKace CKonupoBaHa auMiiHiiCTpa- 
THBHaa nojiHTHKa. 

B rjiaBe 3 TaKofi koik})H rypapHOHHbiH dpaikn paccMaTpiiBaeTca iio/ipooiio, a noKa 
BKpaTu,e oocy/iHM ero. /Ioiivci hm, pia/taie./pi» xomct pa3BepHyrb iipujioaccHHc BMecTe 
c (fjaitjiaMH c6opKii MultiFileLibrary, ho b OTAejibHOM KaTanore. JKejiaeMaa CTpyKTypa 
KaTanoroB c 4>aiinaMH BbirjiHAHT cnenyiomHM o6pa30M: 

KaTanor AppDir (coflepxnT 4>aFi/ibi c6opi<n npnnoxeiHnfl) 

Program.exe 

Program.exe.config (o6cy>KflaeTca Hnxe) 

noflKaTayior AuxFiles (coflepxnT 4>aPi/ibi c6opi<n MultiFileLibrary) 

MultiFileLibrary.dll 

FLIT, netmodule 

RUT.netmodule 

IIocKOJibKy cjjafijibi c6opKii MultiFileLibrary 6onee He Haxo/piTCH b 6a30B0M KaTa- 
jiore ii])ii.TO/KCii pih, CLR He c.ypojkct iiairi ii h 3arpy3HTb hx, h npn 3anycKe ii|)ii.to>kciiipm 
6yn,eT creHepupoBaHO HCKmonemie System. 10. FileNotFoundException. I lTo6bi 1136c- 
acaTb 3Toro, H3/i,aTenb co3fl,aeT KOHtjnirypaiiHOHHbiH cjaaiiji b cjiopMaTe XML h pa3MemaeT 
ero b 6a30B0M KaTanore npHjioaceHHH. Hmh 3Toro c))a ii./ia /lo. ivpj i io co is i pa/ia p p> c iimciicm 
rnaBHoro cjiaiina c6opKii h HMeTb pacmiipeHiie config, b a,aHHOM cnynae — Program.exe. 
config. ConepscHMoe 3Toro KOHtJiiirypaiiHOHHoro cjaafijia nonacHO BbirjiHueTb npimepHO 
cjie/ryiomHM o6pa30M: 

<configuration> 

<runtime> 

<assemblyBinding xmlns="urn:schemas-microsoft-com:asm.vl"> 

<probing privatePath="AuxFiles" /> 

</assemblyBinding> 

</runtime> 

</configuration> 

IlbiTaHCb HaiiTH ()>air./p c6opKii, CLR Bcer/ra CHanana iimeT b KaTanore npiinoaceHiiH, 
h ecnn noHCK 3aKaHHHBaeTCH HeynaneH, npo/ronacaeT HCKaTb b nomcaTanore AuxFiles. 
B aTpn6yTe privatePath aneMCHTa, HanpaBnmomero noncK, Moaoio yKa3aTb HecKonbKO 
nyTefi, pa3neneHHbix tohkoh c 3anHToii. CnHTaeTCH, hto bcc nyTH 3aa,aHbi OTHOCHTenbHO 
6a30Boro KaTanora npiinoaceHira. I4/p,en 3;iicno'iacTCM b tom, 'ito pi|)ii. po>kcipitc yio>kct 
ynpaBnHTb cboiim KaTanoroM h ero noAKaTanoraMii, ho He MoaceT ynpaBnuTb npyriiMH 
KaTanoraMH. 
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QiaBa 2. KoMnoHOBKa, ynaKOBKa, pa3BepibiBaHne u aAMUHi/iCTpi/ipoBam/ie npmioxeiHHti 


A/iropuTM noncKa c^au/iOB c6opKH 

B noHCKe c6opKii cpc;i,a CLR npocMaTpHBaeT HecKOJibKO nonicaTajioroB. I IopnnoK npn 
noncKe c6opKn c iiempa./ip>iip>iM 11 periiOHajibHbiMii <:"iaii/i,ap'iaMn TaKOB (npn ycviomm, 
hto napaMeTpbi f irstPrivatePath h secondPnivatePath onpenejieHbi b aTpn6yTe 
pnivatePath KOHtJmrypaiiiiOHHoro (jiaiijia): 

AppDirXAsmName.dll 

AppDir\AsmName\AsmName.dll 

AppDir\firstPrivatePath\AsmName.dll 

AppDir\firstPrivatePath\AsmName\AsmName.dll 

AppDir\secondPrivatePath\AsmName.dll 

AppDir\secondPrivatePath\AsmName\AsmName.dll 


B 3tom npimepe icoipc}) niypaniioiiiii.iii (})aii./i He p 101 ia/p,o6 pipop , ec.;in <})aii./i p>i c6opKii 
MultiFileLibrary pa3BepHyTbi b nonKaTajiore MultiFileLibrary, TaK Kaic CLR aBTOMa- 
THnecKii npoBepjieT nonKaTajior, hmh KOToporo copsi pa/iae i c iimchcm hckomoh c6opKii. 

Ecjih hh b 0 / 1,1 iom H3 yiiOMHiiyTbix KaTanoroB c6opKa He iiaii/ieiia, CLR iia'iiiiiacT noncK 
3aHOBO, ho Tenepb iimeT cjiafiji c pacmupeHiieM EXE bmccto DLL. Ecjiii ii Ha 3tot pa3 noncK 
OKaHHiiBaeTCH HeynaneH, reHepupyercH hckjttohchhc FileNotFoundException. 

B OTHomeHiiii conyTCTByiomux c6opoK jp,e iic puy po p Te ace npaBiuia noncKa 3a o.iiiiim 
HCKJHOHeHiieM: oac u/tac'i'ca, mto c6opKa iiaxo/piTCM b nonKaTanore 6a30Boro KaTajiora 
npiuioaceHiiH, hmh KOToporo coiiiia/i,acT c Ha3BaHiieM pemoHajibHoro CTaii/uipTa. Ha- 
npiiMep, ecjiH /yin cjianjia AsmName.dll Ha3HaneH pemoHajibHbiH CTaHnapT «en-US», 
nopHAOK npocMOTpa KaTajioroB TaKOB: 

C:\AppDir\enUS\AsmName.dll 

C:\AppDir\enUS\AsmName\AsmName.dll 

C:\AppDir\firstPrivatePath\enUS\AsmName.dll 

C:\AppDir\firstPrivatePath\enUS\AsmName\AsmName.dll 

C:\AppDir\secondPrivatePath\enllS\AsmName .dll 

C: \AppDir\secondPrivatePath\enllS\AsmName\AsmName.dll 

C:\AppDir\enUS\AsmName.exe 

C: \AppDir\enllS\AsmName\AsmName. exe 

C:\AppDir\firstPrivatePath\enUS\AsmName.exe 

C:\AppDir\firstPrivatePath\enUS\AsmName\AsmName.exe 

C:\AppDir\secondPrivatePath\enllS\AsmName .exe 

C: \AppDir\secondPrivatePath\enllS\AsmName\AsmName.exe 

C:\AppDir\en\AsmName.dll 

C:\AppDir\en\AsmName\AsmName.dll 

C:\AppDir\firstPrivatePath\en\AsmName.dll 

C: \AppDir\firstPrivatePath\en\AsmName\AsmName.dll 

C:\AppDir\secondPrivatePath\en\AsmName.dll 

C:\AppDir\secondPrivatePath\en\AsmName\AsmName.dll 

C:\AppDir\en\AsmName.exe 
C:\AppDir\en\AsmName\AsmName.exe 
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C:\AppDir\firstPrivatePath\en\AsmName.exe 
C:\AppDir\firstPrivatePath\en\AsmName\AsmName.exe 
C:\AppDir\secondPrivatePath\en\AsmName.exe 
C:\AppDir\secondPrivatePath\en\AsmName\AsmName.exe 

KaK BiiAHTe, CLR iimeT cjiaHJibi c pacmiipeHiieM EXE hjih DLL. IIocKOJibKy noncK 
.viO/KC'i' 3aHiiMaTb 01 laa me./i i>i me lipc.via (oco6eHHO Koiypi CLR iibnacTca iiaiini (})aii./ii>i 
b ceTH), b KOHc|)HrypaLi,HOHHOM XML-cjyafuie mojkho yKa3aTb o/pm hjih HecKoabKO ;x : ie- 
MeHTOB peniOHajibHbix caai 1/p.ap-pon culture, 'nocmi orpamrim b Kpyr npoBepneMbix 
KaTanoroB npn noncKe conyTCTByiomux c6opoK. Microsoft npe/rocTaBjuieT nporpaMMy 
FusLogVw.exe, npn noMomu KOTopoii mojkho yBimeTb, KaK CLR ocymecTBjiaeT npiiBH3Ky 
c6opoK bo BpeMH liuiio. iiieiPiiH. /foiio. ii pptic.p i>ii;ps-i HiicfiopManHa /i,oc'iyi[iia no a/ipecy 
http://msdn.microsoft.com/en-us/library/e74a18c4(v=vs.110).aspx. 

Hmh h paciiojio/icciinc ic()i[())iii'vpaniioiiiiom XML-cjiaiijia mo/icct paajiii'iaTbca b 3a- 

BHCHMOCTH OT THna 1 1 | )l1. : IO>Kei I I P M. 

□ /fjia hciio. iipmc.vppjIx npHjioaceHHH (EXE) Koii())iii'vpan,ii()iiiii>iii (jiariji AOJiaceH pac- 
iia/iai a'i bCM b 6a30B0M KaTajiore npHjioaceHHH. Y Hero aojdkho 6biTb to ace hmh, hto 
h y EXE-cjiaiijia, ho c paciniipemieM config. 

□ /fjiH npHjioaceHHH Microsoft ASRNET Web Form KOHtjmrypauiiOHHbiH (ftaiiJr Bcer/ra 
AOJiaceH iiaxo/u-n bCM b BHpTyajibHOM KopHeBOM KaTajiore bc 6-npHjToaccnna h Ha- 
3biBaTbca Web.config. KpoMe Toro, b Kaac/roM BJioaceHHOM KaTajiore MoaceT 6biTb 
cobcTBeHHbiii cbaiiji Web.config c yHacjie/iOBaHHbiMH napaMeTpaMH K0H4)iirypan,iiii. 
Hanpimep, Bed-npiuioaceraie, pacnojioaceHHoe no a/rpecy http://www.Wintellect.com/ 
Training, 6yn,eT Hcnojib30BaTb napaMeTpbi H3 (JpaiuiOB Web.config, pacnojioaceHHbix 
b BiipTyajibHOM KopHeBOM KaTajiore h b noAKaTaaore Training. 

KaK yace 6buio CKa3aH0, napaMeTpbi icoipcjiiiiypannn npiiMemnoTCH k KOHKpeTHOMy 
npimoaceHino h KOHKpeTHOMy KOMnbiOTepy. IIpH ycTaHOBKe njiaTcjiopMa .NET Framework 
C03/raeT 4)aiiji Machine.config. CymecTByeT no OAHOMy cjiaHjiy Machine.config Ha Kaac- 
Ayio Bepcino cpe/ibi CLR, ycTaHOBJieHHyio Ha a,aHHOH Mamime. Oaiiji Machine.config 
pacnojioaceH b ejiCAViomcM KaTajiore: 

%SystemRoot%\Microsoft. NET\Frartiework\6epain\C0NFIG 

EcTecTBeHHO, %SystemRoot% — 3 to KaTajior, b kotopom ycTaHOBjieHa cucTeMa 
Windows (odbiHHO C:\Windows), a eepcun — HOMep Bepcnn, H/teHTHiJiHitHpyiomHH 
onpe/rejieHHyio Bepcino njiaTiJiopMbi .NET Framework (Hanpimep, v4.0.#####). 

IlapaMeTpbi cjiaiTjia Machine.config 3aMeHHiOT napaMeTpbi KOH4mrypan,iiOHHoro 
(JiaiTjia KOHKpeTHoro npiuioacemiH. A/rMiiHiiCTpaTopaM h nojib30BaTejiHM cjie/iyeT 
H36eraTb MOAHijMiKaitHH cjiaHJia Machine.config, nocKOJibKy b hcm xpaHHTCH m nornc 
napaMeTpbi, CBjmaHHbie c caMbiMii pa3HbiMH acneKTaMii paoorbi cucTeMbi, hto cepbe3H0 
3aTpy/i,HHeT opiieHTan,iiio b ero co/repacHMOM. KpoMe toto, K0H4nirypaii,H0HHbie (Jjaiijibi, 
cnen,n4)HnHbie /yin ripwroacciwir, ynpomaiOT opraHii3an,iiio pe3epBHoro KomipoBaHiiH 
h lioccpaiponjiei p uxi KoiKjirirypami ip npiuioacemiH. 



jiaea 3. Cobmgctho ncnojib3yei\/ibie 
cSopKM II c6opKM CO CTpOTMM 
MMeHeM 


B rjiaBe 2 roBopiraocb o iioc'ipocmiii, ynaKOBKe h pa3BepTbiBaHHH c6opoK. 11p h stom 
ocHOBHoe BHiiMamie yAeAHAOCb 3axpumoMy paseepmueanuu) (private deployment), 
npn kotopom cdopKH, iipc/iiia.iiia'ieimbie ncK. iio'iirrcjn.no ana o/inoro npHAoaceHiia, 
iiOMcmaiOT b 6a30Bbiii KaTajior npHAoaceHiia hjih b ero noAKaTanor. 3aKpbiToe pa3- 
BepTbiBaHire cdopoK ikwho. imct b aiia'niTCAbiioii Mepe ynpaBAHTb n.vienaMii, bcpchhmh 
h iiOHCAcmic.vi cdopoK. 

B 9Toii rnaBe mbi 3aiiMeMca coa/ianiiCM cdopoK, KOTopwe MoryT cobmcctho nciio./ib- 
30BaTbca HecKOJibKiiMH 11|)ii. ; io>Keiiiia m ii. BaMCia iCjibiibi ii 11pn.vicp rno6ajibHO pa3Bep- 
TbiBaeMbix coopoic — 3 to cdopKii, nociaii. iMCMbie BMecTe c Microsoft .NET Framework, 
nocKOJibKy non™ Bee ynpaBJiaeMbie iipn. io>Kenna ncnojib3yiOT ranbi, onpcACAemibie 
Microsoft b 6h6ahotckc KJiaccoB .NET Framework Class Library (FCL). 

KaK yace 6mao OTMeaeHO b raaBe 2, onepauHOHHaa cucTeMa Windows nojijmruia peny- 
Tairnio HecTadruibHOH rjiaBHbiM o6pa30M H3-3a Toro, tio a.;i a cosAaima h lecmpoiiami a 
npHjioaceHHH npiixo/nncM iiciio.ib.aoiiaTb ayacoii koa. B icoiihc kohijob, a io6oe npmio- 
acemie &na Windows, KOTopoe bbi numeTe, Bbi3biBaeT koa, coa/umiibiii pa3pa6oTHHKaMH 
Microsoft. Bonee Toro, caMbie pa3Hbie KOMiiamm npoH3BOAAT OACMCinbi ynpaBACHna, 
KOTopbie jiaapadoTMH kh 3aTeM BCTpariBaiOT b cboh npHAoaceHHa. OaKTimecKn TaKoii 
noAxoA CTHMyAripycT caMa i[./ia'[<))0|)Ma .NET Framework, a co BpeMerreM, Bepoamo, 
hhcao npon3BOAHTeAeii 3acmcfitob ynpaBaemia B03pacTeT. 

BpeMa He ctoht Ha MecTe, KaK h paapaooT'niicn H3 Microsoft, KaK h CTopoHHiie npo- 
H3BOAHTeair ajie.viemoii ynpaBAemia: ohh ycTpaHaiOT onmdKH, Ao6aii. : m iot b cboh koa 

HOBbie B03M0ACH0CTH H T. n. B KOHCHHOM CMCTC, Ha ACCCTKHH AHCK 110. l b.'iO I1HTC.T bC KOI () 

KOMnbiOTepanonaAaeT hobmh koa. B pcay.nviaTC baahiio ycTaimb. icimoM h npeKpacHO 
pado'iaiiiiie.vi noAb30BaTeAbCKOM npHAoaceHHH iiaaiinacT ncnoAb30BaTbca yace He tot 
koa, c KOTopbiM oho G03AaBaA0Cb h TecTHpoBaaocb. IIoBeAeHHe TaKoro npHAoaceHiia 
CTaHOBHTca HenpeACKa3yeMbiM, 'no, b cboio oaepcAb, HeraniBHO bah acr Ha CTaon./ib- 
HOCTb Windows. 

PemiiTb ii|X)6.TCMy yupaii./K'ima BepcnaMii (jiaii.TOb 'ipesiibiaaiiiio TpyAHO. FlacaMOM 
ACac, a totob cnopuTb, hto ecAii B3aTb Aiodoii <J)afui h H3MeHHTb b hcm 3Haaemie oahoto- 
eAHHCTBCHHoro 6nTa c 0 Ha 1 hah HaodopoT, to hiikto He CMoaceT rapaim-ipoiiaTb, tio 
nporpaMMbi, HcnoAb30BaBmHe ncxoAHyio Bepcnio stoto (Jtairna, 6yAyT padoTaTb c hoboh 
B epcHeii (JiaiiAa, KaK hii b a cm He Obiisaao. 3 to yTBepatAeHiie BepHO xoth 6bi noTOMy, hto 
MH orne nporpaMMbi cav 'tail no hah npeAHaMepeHHO oiccii.iyaTiipyiOT omndini Apyrnx 


flBa BMfla c6opok — Asa bhab pa3BepibiBaHnn 


95 


nporpaMM. Ecjiii b 6 ojiee 1 10 . 3 / 1,1 leii Bepcioi ico/p,a KaKaM-./moo omiidKa 6 \yp,cr ncnpaBjieHa, 
to ncnojib 3 yiomee ero iipii/ioaceime iiaamiaci pa 6 oTaTb 11 cippcACKa. 3 ye.vfO. 

HTaK, Bonpoc b cjicayioiucM: KaK, ycTpaimri oiiih 6 kh h AodaBAJui k nporpaMMaM 
HOBbie (jiyiiiaiiin, rapaHTnpoBaTb, hto sth Ha.vicucimH He HapymaT pa 6 oTy apyi nx npn- 
jioateHHH? H aojito Ay.vta/i na;i, 3 thm h npnme./i k BbiBOAy — 9 to npocTO hcbo 3 moacho. 
Ho, ohcbhaho, TaKofi otbct He ycTpoHT hiikoto, nocKO/imcy b nociaii. iacMbix <})aii.;iax 
Bcer/i,a 6 ya,yT ohih 6 kh, a pa 3 pa 6 oTHiiKii BcerAa 6 ya,yT OAepacriMbi acejiaHneM AodaBAHTb 
HOBbie fjiyilKUHH. /(OJIACCII lice >KC 6 bITb CnOCo 6 paCnpOCTpaHeHIIH HOBbIX (jiaiijIOB, no- 
3 BOJiaiomHH Ha/ieHTbCH, hto jno 6 oe n|)ii./io>Keime nocjie o 6 i[oii.iemia npoAOJiaciiT 3 aMe- 
aaTCvibim pa 6 oTaTb, a ecjm HeT, to jiei.KO BepHyTb npiuioaceHiie b ii()C. : icvi,iicc coctomipiic, 
b kotopom oho npeKpacHO pa 6 oTajio. 

B 3 toh rjiaBe on near 1 a iiHcjipacTpyKTypa .NET Framework, ii|)ii3BaiiiiaM pemriTb npo- 
6 jieMbi yiipaii.ieima BcpciiMMH. no 3 BO/ibTe cpa 3 y npc/iynpcAin’b: pen, hact o CAoacHbix 
MaTepiiax. HaM r i])ii/lct<‘m paccMOTpeTb Maccy ajiropiiTMOB, npaBiui h hojihthk, BCTpoeH- 
Hbix b o 6 iucm 3 p,iicoh\to iioiio./maininy io cpeAy (CLR). Homhmo 3 Toro, yi pom>i iiy"pp>i MHonre 
IIHCTpyMeHTbl H ymUHTbl, KOTOpblMII npriXOAHTCH n 0 JIb 30 BaTbCH pa 3 pa 6 oTHIIKy. Bee 3 T 0 
AOCTaTOHHO cjioacHO, nocKOJibKy, KaK a yace CKa 3 aji, npod/ieMa yiipaii.ieim a BepcnaMH 
HenpocTa caMa no ce 6 e h to ace moacho CKa 3 aTb o iio;i,xo/i,ax k ee pemeHino. 


Ab a BMAa c6opOK — flea BiAp,a pa3BepTbiBam/m 

CpeAa CLR noAAepacHBaeT Asa Bima c 6 opoK: c h ecmpozimu UMenoMU (weakly named 
assemblies) n co cvipoiUMU UMeHOMU (strongly named assemblies). 

BHMMAHME 

Bbi HkiKorAa He BCTpemTe TepMHH «c6opKa c HecTpormvi mvieHeM» b AOKyMeHTaunn no 
.NET Framework, noneiviy? A noTOMy, hto a caM ero npMAyivian. B AeHCTBHTenbHOCTH 
BAOKyMeHTau,nn HeTTepMHHa abh o6o3HaHeHHH c6opkm, y kotopoh OTcyrcTByeTCTporoe 
hmpp. FI peiiiHn o6o3HaHHTbTaKHe c6opkh cneu,HajibHbiM TepMHHOM, HTobbi noTeKCTy 6bino 
0AH03H3HH0 nOHHTHO, 0 K3KHX CbOpKaX HAOT peHb. 


C6opKII CO CTpOniMII H HeCTpOOIMII HMeHAMH IIMCIOT IIAeHTHHHyK) CTpyKTypy, TO eCTb 
b hhx iiciio./iieycTCM (jraftjiOBbiH <|)0]).\Ta'[ PE (portable executable), 3aro/iOBOK PE32(+), 
CLR-3arojiOBOK, .vic'ia/i,aiiiii,ie, Ta6.niip,i>i Maimcbcc'ia, a Taicace IL-koa, paccMOTpeHHbiii 
b ivianax 1 h 2. 06a THna cdopoK KOMnoHyiOTCH npn noMomu oahhx h Tex ace HHCTpy- 
MeHTOB, Hanpimep KOMini./iM'iopa C# hjih AL.exe. B /iciicT u u pt'./pi>iioc.t pi cbopi/ii co crpo- 
niMH h HecTporriMH iiMCHaMH ora p pi'iaio pcri tcm, hto nepBbie no/umcaiPbi npn noMomH 
napbi k. iio'pch, yHHKajibHO H;p,em ii4)iiuii|)\T0ineii na/iATC/iM coopiai. 3ia napa ka touch 
iiosiio.iMC'i' yHHKajibHO HAem iKjiriuiipoiia'i b cdopKy, oSccne'i insa'i i, ee 6e3onacHOCTb, 
ynpaBJiHTb ee BepcriHMii, a Taicace pa3BepTbiBaTb b jho 6 om mcctc nojib30BaTejibCKoro 
acecTKoro Aucica iijih Aaace b HHTepHeTe. Bo.imojkiioc'i i, yHHKajibHoii iiAcminjiii Kami 11 
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c6opKii iiooisojimct CLR npn nonbiTKe npnrs>T3KH iipii./io>icemiM k c6opKe co CTponiM 
HMeHeM npiiMeHHTb onpe/i,ejieHHbie iiojihthkh, KOTopbie rapaHTHpyiOT 6e3onacHOCTb. 
3Ta iviana nociiaiuciiapaabMcnemno cymHOCTH c6opoK co CTponiM iimchcm ii iiojihthk, 
npHMeHHCMblX K HUM CO CTOpOHbl CLR. 

Pa3BepTbiBaHiie cdopKii MoaceT 6biTb 3aicpbiTbiM hah r. ionaaibiibiM. CdopKii nepBoro 
THna pasiiepTbiHaiOTca b 6a30B0M KaTajiore npiijiO/KemiM hah b 0 , 1,1 iom h3 ero noAKaTa- 
JIOrOB. /I, JIM c6opKII C HCCTpOniM HMCHCM B03M0ACH0 JIIIIHb 3aKpbITOe pa3BCpTbIBaHHe. 

O c6opKax c 3aKpbiTbiM pa3BepTbiBaHiieM pcib rnjia b rjiaBe 2. C6opKy c rjio6ajibHbiM 
pa3BepTbiBaHiieM ycTaHaBjuiBaiOT b KaKOM-jin6o o6meH3BecTHOM KaTaaore, kotophh 
CLR npoBepaeT npn noncKe c6opoK. TaKiie cdopKii moscho pa3BepTbiBaTb KaK 3aKpbiTO, 
TaK h iviooajibiio. B oto ii iviaise oobMCiieno, KaK co3AAK)T h pa3BepTbiBaiOT c6opKH co 
CTponiM HMeHeM. CBeAeHira o THnax c6opoK h cnoco6ax hx pa3BepTbreaHH m npeACTaB- 
jieiii.i b xa6./i. 3.1. 


Ta6/uiL(a 3.1. Bo3MO>KHbie cnoco6bi pa3BepTbiBamiM c6opoK 
co CTpormviM v \ HecTpori/iMi/i mvieHaivm 


Tun cSopKM 

3aKpbiToe 

pa3BepTbiBaHne 

rno6a/ibHoe 

pa3BepTbiBaHue 

C6opKa c HecTponiM HMeHeM 

d,a 

HeT 

C6opKa co CTponiM hmchcm 

d,a 

d,a 


Ha3HaneHne c6opKe CTpororo umghh 

Ecjih c6opKa AoaacHa iiciio. ibaobaTbCM 11ecK0.ibia1.Yi 11 iipiijiO/Koim mm 11, ee cjicavct no- 
MecTHTb b o6meH3BecTHbifi Kaiajior, kotophh cpe/ta CLR AOAACHa ainoMa'i H'iecKii npo- 
BepHTb, ooiiapyaaiis ccbuiKv Ha c6opKy. O/piaKO npn atom B03HiiKaeT iipoojie.Yta — /pse 
(hjih 6o.Ti)iiie) KOMnaHiiii MoryT BbinycTHTb c6opKii c o.piiiaKoiibiMii HMeHaMH. Tor^a, 
ecan o6e .oth c6opKii 6yayT CKoniipoBaHbi b o/pm o6meii3BecTHbiH KaTajior, < l iio6e;piT» 
nocjieAHHH 113 hhx, a pa6oTa npiuioAcemiH, ncnoAb30BaBiHHx nepByio, HapymHTca — BCAb 
iiepnaM npn KormpoBaiiini aa.Yien jicicm BTopoii (oto h mh.imctcm npHHiiiioif <<KoniMapa 
DLL» b coBpeMCHHbix c itcTCYiax Windows — bcc 6h6.thotckh DLL KomipyiOTCH b nanKy 
System32). 

OneBiiAHO, oahoto iiMeHii (jiaiLia Majio, hto6h paojiiiaaTb /pie cdopKii. CpeAa CLR 
AOA/KHa nOAACpACHBaTb HeKHH MexaHH3M, n03B0AHK>mHH yHIIKaAbHO HAeHTH(J)HI[HpOBaTb 
cdopKy. HMeHHO ajim 3toto h CAyacaT cmpoiue imeua. y cdopKii co CTponiM HMeHeM 
neTbipe aTpndyTa, yHHKaAbHO ee HAeHTiKjnmupyiomHx: hmh dpaiuia (6e3 pacmiipeHim), 
HOMCp BepCHH, HACHTHCjlIIKaTOp peTHOHaAbHOrO CTaHAapTa H OTKpblTblli KABOA. IIOCKOAb- 
Ky OTKpbiTbie KAiomi 1 ipeAC'iaici m iot co6ofi oaeiib oo.Tbiinie Miicjia, hyiccto iiocic/piem 
aipudy'ia iiciiojuavctcm neoojibiiioii xem-KOA otkphtoto KAiona, kotophh Ha3biBaioT 
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MaptcepoM omupumoio Kjimua (public key token). Cjie/tyiomHe ueTbipe CTpoKii, KOTopbie 
it [ [0r/ta Ha3biBaiOT OTodpascaeMbiM iimciicm cbopKH (assembly display name), n;iein n- 
(biinnpyroT coBepmeHHO pa3Hbie 4>aiijibi c6opi<n: 


"MyTypes, 

"MyTypes, 

"MyTypes, 

"MyTypes, 


Version=l.0.8123.0, 
Version=l.0.8123.0, 
Version=2.0.1234.0, 
Version=l.0.8123.0, 


Culture=neutral, 

Culture="en-US", 

Culture=neutral, 

Culture=neutral, 


PublicKeyToken=b77a5c561934e089" 
PublicKeyToken=b77a5c561934e089" 
PublicKeyToken=b77a5c561934e089" 
PublicKeyToken=b03f5f7flld50a3a" 


IlepBaH CTpoKa HueHTHcjiHiiHpyeT cjiaiiii cbopKii MyTypes.exe hjih MyTypes.dll (Ha 
caMOMnene, no CTpoKe n;i,cm n<j)iiKauiiii iie.ibaa y3HaTb pacmiipcimc cjaafijia cbopKii). 
KoMnaHHH-npoH3BO/uiTejib Ha3HanHjia cbopKe HOMep Bepciiii 1.0.8123.0, b Hen HeT 
KOMnoHeHTOB, 3aBHCHMbix ot peniOHajibHbix c raii/iap ro h , TaK KaK arpnOyT Culture 
onpeaejieH KaK neutral. Ho c/tejiaTb cbopKy MyTypes.dll (hjih MyTypes.exe) c homc- 
poM Bepciiii 1.0.8123.0 h HeiiTpajibHbiMH peniOHajibHbiMH C'['an;i,ap'ia.viu mojkct jno6aa 
KOMnaHHH. 

/lo.TJKCll 6bITb cnocob OTJIHHHTb c6opKy ('03/13111 IVK) 3TOH KOMnaHIieH, OT c6opOK 
npyrnx KOMnamiH, kotophm cjiyuaiiHO 6bum iia.iiia/ieiibi Te >kc aipuoy'i'bi. B cimy puna 
npimiiH KOMiiamiM Microsoft npennonjia apyniM cnocobaM h/um rr ii(:))iiivaiinn (npn no- 
Momu GUID, URL h URN) CTaibiapTHbic KpunTorpacjiHuecKHe TexHOJioniH, ocHOBaH- 
Hbie Ha nape 113 3aKpbiToro 11 OTKpbiToro K. iio'ieii. B uacTHOCTH, KpunTorpacjuiuecKHe 
TexHOJioniH no3BOJuiK)T npoBepHTb u,eji0CTH0CTb /i,am 11,1 x cbopKH npn ycTaHOBKe ee Ha 
acecTKiiii /u-ick, a TaiOKe naaiia'iari, paapememiii nocTyna k cbopKe b 3aBiiCHMOCTii ot 
ee H3naTe/iH. Bee 3tii MexaHH3Mbi oocy/K/iaiOTCM najiee b stoh r/iaBe. HTaK, KOMiiamiM, 
/Kc/iaiomaa ciiao/urn, cboii cdopKii yniiica.Tbiioii mctkoO, AOJiacHa nojiyuiiTb napy kjho- 
'ieii — OTKpbiTbiii h 3aKpbiTbiii, noc/ie uero OTKpbiTbiii k.tio'i mo/kiio ovact CBimaTb co 
c6op ko ii. y Bcex KOMnaHHH by/tyr pa3Hbie napbi K. iio'ieii, iio.3TO.viy ohh CMoryT co3/ta- 
BaTb cbopKH c OAHHaKOBbiMH HMeHaMii, BepcHHMH h peniOHajibHbiMH CTaH/tapTaMH, He 
onacaacb iio.'siiuktioiktiii/i k()ik)).tiiictoii. 


nPMMEHAHME 

BcnoMoraTenbHbm K/iacc System.Reflection.AssemblyName no3BonneT nerico reHepu- 
poBaTb mvi5=i Arm cbopKn, aTaicxe nonynaTb OTAe/ibHbie nac™ ur/ieHi/i cbopicn. Oh noAAep- 
>KHBaeT pan OTKpbiTbix 3K3eMnrmpHbix cbouctb: Culturelnfo, FullName, KeyPair, Name n 
Version — n npenocTaB/meT OTKpbiTbie MeTOAbi 3K3eMn.rmpoB, Taxne iok GetPublicKey, 
GetPublicKeyToken, SetPublicKey n SetPublicKeyToken. 


B r/iaBe 2 a noKa3aji, KaK iia.iiia/nnb hmh (jiaii/iy cbopKii, KaK aa/urn, HOMepaBepciiii 
h HAeHTiitjiHKaTop peniOHajibHoro CTaH/iapTa. Y cbopKii c HecTponiM hmchcm aTpiidyTbi 
HOMepa Bepciiii h peniOHajibHbix CTaH/tapTOB MoryT 6biTb iiK. iio'iCHbi b Mcra/iyu 111 bie Ma- 
HiicjiecTa. O/uiaico b stom cjiyuae CLR Bcer/ta iirHopupyeT HOMep Bepciiii, a npn noncKe 
conyTCTByiomnx cbopoK ncnojib3yeT jiumb n/yiiTiicjiiiKaTop peniOHajibHbix CTaH/tap- 
TOB. noCKOJIbKy COOpiCH C HCCTpOrilMH HMeHaMH IK'C 1/1,3 pa.'iliCpTbl liaiOTCTI B 33KpbIT0M 
peatiiMe, /pin noncKa (jiaii./ia cbopKn b 6a30B0M i/aTa/iore npiuioaceHiia hjih b o/uiom 113 
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ero noAKaTajioroB, yKa3aHHOM aTpridyTOM pnivatePath KomjmryparuiOHHoro XML- 
cjaafijia, CLR npocTO 6epeT hmh cdoprai (nodaBjiaa k HeMy paciiinpeime DLL iijih EXE). 

KpoMe iimchii cjiaiijia, y c6opicii co CTponiM iimchcm ecTb HOMep Bepcnii h it/ictitikIpii- 
KaTop peniOHajibHbix CTaimapTOB. KpoMe Toro, OHa no/troicaHa npn noMomii 3aKpbiToro 
k'. IIO'ia H3/l,aTC./l}I. 

IlepBbiH orau C037ianiT>T TaKofi cdopKii — nojiyuemie K.iio'ta npn no.vioiun yTHjiHTbi 
Strong Name (SN.exe), iiocTaicmcMOii b cocTaBe .NET Framework SDK h Microsoft 
Visual Studio. 3ia ymnriTa no/mepao-maeT MHoacecTBO ckyiiKUuir, kotopmmh nojib3y- 
iotch, .3 a; urn an b ico.Yiai 1 / 1,1 ioii cTpoKe cooTBeTCTByiomrie napaMeTpbi. 3aMeTbTe: bcc napa- 
MeTpbi KOMaimHOH CTpoKii SN.exe 'iyiiCTiuiTC. : ip,iii.i k peniCTpy. l Ito6p,i creHepupoBaTb 
napy K/noueii, Bbino/miiTe cnenyiomyio KOMaimy: 

SN -k MyCompany.snk 

3ia KOMaH/i,a 3acTaBirr SN .exe C03,a,aTb cjjaiiji MyCompany.snk, conepacamnii OTKpbiTbiii 
H 3aKpbITbIH K.IIO'tll B flBOHUHOM (jjop.ViaTC. 

L lncjia, o6pa3yiomiie OTKpbiTbiii kjiioh, o'ioiii. iscjiuku. IIpH ii(‘o6xo/i,hmocth nocjie 
co.37iaiin>T 3Toro <))aii./ia moscho pici po./pi>; jo lifii p> SN.exe, uTodbi VBU/iCTb OTKpbiTbiii k. iiom. 
/fjia 3Toro HyacHO BbinojimiTb SN.exe /maac/mi: CHauajia c napaMCTpoM -p, UTodbi co3/i,aTb 
4>aHJi, coAepacamriH TO/ibKO OTKpbiTbiii kjiiou (MyCompany. PublicKey) 1 : 

SN -p MyCompany.keys MyCompany.PublicKey 

3aTeM SN.exe isiai po. piphcpcm c napaMeTpoM -tp c yKa3amieM cjaafijia, conepacamero 
OTKpbiTbiii k. iiom: 

SN -tp MyCompany.PublicKey 

Ha CBoeM KOMnbiOTepe a nojiymui c. : ie/i,yioiniiii peay/iinar: 

Microsoft (R) .NET Framework Strong Name Utility Version 4.0.30319.17929 
Copyright (c) Microsoft Corporation. All rights reserved. 

Public key (hash algorithm: sha256): 

00240000048000009400000006020000002400005253413100040000010001003f9d62lb702111 
850be453b92bd6a58c020eb7b804f75d67ab302047fc786ffa3797b669215afb4d814a6f294010 
b233bac0b8c8098ba809855da256d964c0d07fl6463d918d651a4846a62317328cac893626a550 
69f21al25bc03193261176dd629eace6c90d36858de3fcb781bfC8b817936a567cad608ae672b6 
Ifb8@eb0 

Public key token is 3db32f38c8b42c9a 

npu 3TOM HeB03M0aCH0 3aCTaBHTb SN.exe il lPil. PO1 11'III l>l\I o6pa30M OTo6pa3HTb 3a- 
KpblTblii l(. IIO‘[. 


1 B 3tom npuMepe ncnojiB3yeTCH Mexami3M Enhanced Strong Naming, noaBUBmiiiicH b .NET 
Framework 4.5. 3to6m co3naTb cdopKy, coBMecTHMyio c npeflbi/iymnMH BcpciWMir .NET Framework, 
BaM TaKace npn/ieTCH C03aaTb no/miicb apyroft CTopoHbi (counter-signature) c ncnojib30BaHiieM 
aTpudyTa AssemblySignatureKey. 3a no/ipodHOCTHMH odpamaiiTecb no anpecy http://msdn. 
microsoft.com/en-us/library/hh415055(v=vs. 110).aspx. 
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Bojibinofi pa3Mep OTKpbiTbix i/.iio'ieii aa'ipy/uincr pa6oTy c hiimii. l Ito6p>i od/ieruHTb 
»CH3Hb pa3pa6oT i niKy (n koiici iiomv no/ib30BaTe/no), 6 mjih coa/ia hh Mapxepbi om- 
rcpumozo KJimua. MapKep OTKpbiToro K/noua — 3 to 64-pa3pjiyi,HbiH xem-KO/i, OTKpbiToro 
1 c.no 1 pa. Ecjih Bbi3BaTb yTHjiHTy SN.exe c napaMeTpoM -tp, to iiocjic aiia'icmiM ic.no'ia 

OHa BblBOAHT COOTIiCTC'l liVlOIHIlii MapKCp OTKpblTOTO KVIlO'Pa, 

Tenepb mh 3HaeM, KaK co3/i,aTb KpimTorpac])HHecKyio napy i/.no'icii, h iio/iy'ienne 
c6opKii co CTponiM HMeHeM He /pp/iacHO Bbi3biBaTb 3axpy/i,iiemn’i. IIpn komhhjihuhh 
c6opKii Heo6xo/i,HMO 3a/i,aTb KOMnHjiHTopy napaMeTp /keyf ile: UMH_(paujia\ 

esc /keyfile:MyCompany.snk Program.es 

Ooiiapy^Kiiii b ncxo/pio.vi TeKCTe 3tot napaMeTp, icoMim/i/nop C# OTKpbiBaeT 3a/p,aii- 
Hbift cjjafui (MyCompany.snk), no/rnucbiBaeT c6opKy 3aKpbiTbiM kjhohom h BCTparmaeT 
OTKpbITblH K. l 10'I B Mai[l1(}X‘CT c6opKII. 3aMeTbTe: IPO/UPHCbPISaCTCH JIIIHIb (|);iii. : l c6opKH, 
coAepacamnii MamicjrecT, /rpyrne (jraii/ibi cdoprai He/ib3H noyrnncaTb hbho. 

B Visual Studio noisaa napa ic. i lo'peii co3/taeTcn b OKHe cbohctb npoeKTa. JXjih stoto 
nepeii/i,HTe Ha BKJiaAKy Signing, ycTaHOBHTe (JwiaacoK Sign the assembly, a 3aTeM b none 
co craicKOM Choose a strong name key file Bbidepme BapnaHT <New...>. 

CjiOBa <'' 110 / 1,1 mean lie 4)aii. : ia» oana'iaior 3/tecb cjie/tyiomee: npn komhohobkc cdopKii 
co CTponiM iimchcm b Ta6jinuy MeTa/iaHHbix MaHHtJpecTa FileDef 3aH0CiiTCH cmicoK Bcex 
cjjaiijiOB, cocTaB/iHiomHx 3Ty cdopKy. Kaacp,bni pa3, Korp,a k MaHiicjrecTy /todaBJiaeTCH iimh 
cjraiijia, paccuHTbiBaeTcn xem-KO/i, coaepacHMoro stoto ejaaiijia, h no/iyueHHoe 3HaueHHe 
coxpaHaeTCH BMecTe c hmchcm cjraiijia b Ta6jnm,e FileDef. Moauro 3aMCHHTb aaropHTM 
xemupoBaHHH, Hcnojib3yeMbiii no yMO/iuaHiiio, Bbi3BaB AL.exe c napaMeTpoM /algid 
hjih 3a/i,aB Ha ypoBHe cdopKii cjie/i,yiomHH axpudyT, onpe/re/uieMbni no/ib30BaTejieM, — 
System. Reflection. AssemblyAlgorithmldAttribute. IIo yMOJiuaHino xem-KO/i, bm- 
'iiic.'imctch no ajiropHTMy SHA-1. 

I loc/ie KOMnoHOBKii PE-cjraiijia c .YiaiPinjiecTOM paccuHTbreaeTca xem-KO/t Bcero co- 
AepacHMoro stoto (jrafuia ( 3 a HCKJiioueHHeM noanriCH Authenticode Signature, CTpororo 
HMeHII cdopKII H KOHTpOJIbHOli CyMMbI 3arOJIOBKa PE), KaK nOKa3aHO Ha pHC. 3.1. J\j .ih 
3toh onepau,Hii iipiiMenae'ica a/iropriTM SHA-1, 3/tecb ero iie./ip>3a 3aMeHHTb HiiKaKiiM 
/ppyniM. 3iia'[eiine xeni-ico/pa iPo/pnnciaiiaeTOi 3aKpbiTbiM k. iio'pom 11 3/pa'i’e/ia, a no- 
/lypeimaa b peay.nnaTe nnrfipoisaa no/pniicp, RSA .iaiiocii ica b 3ape3epBiipoBaHHbiii 
paa/pe/i PE-pjiaiLia (npn xeniiipoBaHiin PE-cJjaftjia stot paa/pe/i itcic.iio'iacTca), h b 
CLR- 3aro/iOBOK PE-cjaaii/ia aaiiiiCbiiiaeTcn a/tpec, no KOTopoMy nc'ipoeimaa nit())poisan 
p io/[,i p iicu> iiaxo/u-nca b (Jrafuie. 

B 3tot PE-cjjaiui TaKace liC'ipanisae'ica oTKpbiTbiii kjhou pr,3/i,a'iC‘./iM (oh ,3a pi 11 c iai liaeacap 
b Tad/iimy As semblyDef MCTa/raHHbix MamicjrecTa). KoMdiiHaniin HMeHii cjraiiaa, Bepcrai 
cdopKii, pemoHajibHbix CTaH/tapTOB h 31 pa/rci p ip a OTKpbiToro i/.iiona coc'iaii.iMC'i' CTporoe 
IMS cdopKH, KOTOpOe rapaHTHpOBaHHO Mli.lHCTCM yHIIKa/IbHblM. /I ISC pa3HbIX KOMnaHIIH 
hh npn KaKnx odcTOHTe/ibCTBax He CMoryT co3/i,aTb / 1 ,lie o/umaicoiipae cdopKii, cKaaceM, 
c HMeHeM Calculus, c toh ace napoii kjiiohch (6e3 hbhoh nepe/raun K/Houeii). 

Tenepb cdopKa h Bee ee cjaaiiabi roTOBbi k ynaKOBKe h pacnpocTpaHeHino. 
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Calculus.dll 



Pmc. 3.1. floAnncaHue c6opkm 


KaK oi'MC'fciio b rjiaBe 2, npn komiih./imhhii mcxo/uioi o TeKCTa komiih.thtop o6Ha- 
pyacHBaeT Bee Tirnbi h uieHbi, Ha KOTopbie ccbuiaeTca hcxoahmh tckct. Taiotcc kom- 
nHjiHTopy ncooxo/piMO yKa3aTb Bee c6opKii, Ha KOTopbie ccbuiaeTca .aaimaxi c6opKa. 
B cjiynae KOMnujiHTopa C# /pra axoro iipiiMCiiacTOi napaMeTp / reference. B aa/pixy 
KOMmijiHTopa bxoaht mieApeime Ta6;imi,i.i MeTa.xaiiiibix AssemblyRef b pe3ynbTii- 
pyiomnii ynpaBJiaeMbiH moava i>. Ka>i</i,a>i sainicb Ta6jnm,bi Mcxa/uu 111 bix AssemblyRef 
onucbiBaeT cjaafui c6opKH, Ha KOTopyio ccbuiaeTca / i,a i maxi c6opKa, h coctoht h3 iimciiii 
4>aHJia c6opKii (6e3 pacmupeHira), HOMepa Bepcini, pemoHajibHoro CTaH^apTa h aiiaxe- 
HIIH OTKpbITOrO K. IIO'ia. 

BHMMAHME 

llocKoabKy 3HaneHne OTKpbiToro xaiOHa Beai/ixo, b tom caynae, Korfla c6opi<a ccbiaaeTca Ha 
MHOxecTBO APymx cbopoK, 3HaHeHna OTKpbiTbix Kaionen Moryr 3aH3Tb 3HaHMTexibHyK3 nacTb 
pe3y/ibTnpyK)LAero <&ai\na. flaa skohomhm MecTa b KOMnaHi/in MicrosoftxeLLinpyiOTOTKpbi- 
TbiM ktiioh i/i SepyT nocaeAHne 8 6aPfr noayneHHoro xem-KOAa. B Tabanpe AssemblyRef Ha 
caMOM Ae/ie xpaHHTcn HMeHHO Tame yceneHHbie 3HaHeHna OTKpbiToro K/nona — Mapxepbi 
OTpbuoro K/iiOHa. B obmeM caynae pa3pa6oTHi/iKn n KOHenHbie noab30BaTean HaMHoro 
naiAe BCTpenaiOTCs c MapxepaMn, neM c no/iHbiMi/i 3HaHeHi/iaMn KaiOHa. 

BMecie c TeM Hy>KHO nMeTb b Bi/iAy, hto cpeAa CLR Hi/ixorAa He ncnoab3yeT MapKepbi ot- 
KpbiToro KxiiOHa b npopecce npi/iHHTna peineHi/iM, KacaioiAi/ixca 6e3onacHOCTn mtim AOBepna, 
noTOMy hto OAHOMy Mapxepy MOxeT cooTBeTCTBOBaib HecxoabKO OTKpbiTbix Kaionen. 


/],ajiee iipinse/p'iibi Mcxa/pmiibic Ta 6 jnm,bi AssemblyRef (iio.Tyieimbie cpe/icxisa\i h 
ILDasm.exe) jum cj)aHJia MultiFileLibrary.dll, o 6 cyacAaBmeroca b raaBe 2: 
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AssemblyRef #1 (23000001) 

Token: 0x23000001 

Public Key or Token: b7 7a 5c 56 19 34 e@ 89 

Name: mscorlib 

Version: 4.0.0.0 

Major Version: 0x00000004 

Minor Version: 0x00000000 

Build Number: 0x00000000 

Revision Number: 0x00000000 

Locale: <null> 

HashValue Blob: 

Flags: [none] (00000000) 

M 3 3thx CBeneHiiii is 11 , 1110 , tio (jiaii.i MultiFileLibrary.dll ccbijiaeTca Ha Tin, pacnono- 
aceHHbiii b c6opKe co cjienyiomHMii aTpH6yTaMH: 

"MSCorLib, Version=4.0.0.0, Culture=neutral, PublicKeyToken=b77a5c561934e089" 

K coacajieHiiio, b yTHjiHTe ILDasm.exe ncno. ibaycTCH TepMiiH Locale, xoth HacaMOM 
nejie TaM hojkscho 6biTb cjiobo Culture. 

B3rjiHHyB Ha conepaciiMoe Ta6.'HTHbi MeTanaHHbix AssemblyDef cjiafuia MultiFileLibrary. 
dll, mm yBH/LHM cjienyiomee: 

Assembly 

Token: 0x20000001 
Name : MultiFileLibrary 
Public Key : 

Hash Algorithm : 0x00008004 
Version: 3.0.0.0 
Major Version: 0x00000003 
Minor Version: 0x00000000 
Build Number: 0x00000000 
Revision Number: 0x00000000 
Locale: <null> 

Flags : [none] (00000000) 

3to .'iKTsuisa.Teimio c.Te.iyioiHcii CTpoKe: 

"MultiFileLibrary, Version=3.0.0.0, Culture=neutral, PublicKeyToken=null" 

3flecb OTKpbiTbiH KJiiOH He onpenejieH, noacojibicy c6opKa MultiFileLibrary.dll, C03- 
naHHaH b ruaBe 2, He 6buia no/umcaiia OTKpbiTbiM kjhohom h, cjie/tOBaTejibHO, his.thctcm 
c6opKoii c HecTponiM iimciicm. Ecjih 6bi a co3naji <}>aii.T c KjnoaaMH npn iiomoiuii yra- 
jiHTbi SN.exe, a3aTeM CKOMniunipoBaji c6opKy c iiapa.vieTpo.M /keyf ile, to i lo./ry'rrr./iacb 
6bi nonnucaHHaji c6opKa. Ecjih npocMOTpeTb MeTanaHHbie nojiyaeHHOti TaKHM o6pa30M 
c6opKii npn noMomii yTHjiHTbi ILDasm.exe, b cooTBeTCTByiomeH .aainiCH Ta6jiHU,bi 
AssemblyDef o6Hapy»CHTca 3anonHeHHoe none Public Key, roBopamee o tom, hto 3to 
c6opKaco CTponiM hmchcm. KcTaTH, 3anncb Ta6jiinibi AssemblyDef isccnaxpaHHT 110 . 1 - 
hoc 3HaHeHiie OTKpbiToro Kjnoaa, a He ero MapKep. IIojrHbiH OTKpbiTbiii kjhoh rapaHTiipyeT 
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ii,ejiocTHOCTb <|)aii./ia. I Io3>kc h oiri.acmo npiTiinim, .acacamnii b ochobc ycToii'iiiisoci'H 
K HeCaHKI],IIOHIipOBaHHOH M0/l,H<))llKail,l1l1 c6opOK CO CTpOOIMII HMeHaMH. 


rno 6 a/ 1 bHblM K 3 LU c 6 opOK 

Tenepb bh 3HaeTe, KaK C03,a,ai0TCH cbopKii co CTponiM iimchcm — nopa HaymiTbcn 
pa3BepTbiBaTb TaKi-ie cbopKii h y3HaTb, KaK CLR ncnojib3yeT .viCTa;i,aiiiibic /pia noncKa 
h 3arpy3Kii cbopKii. 

Ecjih c6opKa iipc/uiaaiia'icna /p/rai coBMecTHoro ncnojib30BaHiiH hcckojibkiimh npn- 
jioaceHiiHMii, ee ii v/kiio noMecTHTb b o6men3BecTHbiH KaTajior, KOTopbifi cpe/ui CLR 
/lo./i>Kiia ainoMai ii'iccKn npcmepHTb npn o6napy>Kcmin ccbuiKii Ha c6opKy. MecTO, 
rue pacnojiaraiOTCH cobmcctho Hcnojib3yeMbie cbopKii, Ha3biBaiOT tJio6ajibHUM K9iueM 
c6opoK (global assembly cache, GAC). Toanoc MecTOHaxoacneHHe GAC - iio/qaooiiocTP) 
peajiH3au;HH, KOTopaa mo/icct ua.vieimTbCM b oy/tymux uepcuax .NET Framework. TeM 
He MeHee o6bi i mo GAC iiaxo/paxcM b Kaiaaiore 

%SystemRoot%\Microsoft.NET\Assembly 

GAC iimcctH epapximecKoeCTpoemre h conepaciiT mhcpkcctbo BjioaceHHbix KaTaaioroB, 
HMeHa KOTopbix reHepupyiOTCH no onpenejieHHOMy ajiropuTMy. Hh b kocm cjiynae He 
oienyeT KormpoisaTb cjaafuibi c6opoK b GAC BpynHyio — bmccto 3Toro Hano ncnojib30BaTb 
HHCTpyMeHTbi, co3AaHHbie cnerpiajibHO /yia 3 toh uejin. 3 th HHCTpyMeHTbi «3HaiOT>> BHy- 
TpeHHioio CTpyKTypy GAC h yMeiOT reHepupoBaTb Ha/pieacamHe HMeHa nonKaTajioroB. 

B neprio/i, pa3pa6oTKii h TecTHpoBamra cbopoK co crporiiMH HMeHaMH rjisi ycTaHOBKii 
hx b KaTaaor GAC name Bcero iipii.vienM iot HHCTpyMeHT GACUtil.exe. 3anymeHHbrii 6e3 
napaMeTpoB, oh OTo6pa3HT c. : ie/i,yioiniie CBc/iemia: 

Microsoft (R) .NET Global Assembly Cache Utility. Version 4.0.30319.17929 
Copyright (c) Microsoft Corporation. All rights reserved. 

Usage: Gacutil <command> [ <options> ] 

Commands: 

/i <assembly_path> [ /r <...> ] [ /f ] 

Installs an assembly to the global assembly cache. 

/il <assembly_path_list_file> [ /r <...> ] [ /f ] 

Installs one or more assemblies to the global assembly cache. 

/u <assembly_display_name> [ /r <...> ] 

Uninstalls an assembly from the global assembly cache. 

/ul <assembly_display_name_list_file> [ /r <...> ] 

Uninstalls one or more assemblies from the global assembly cache. 

/I [ <assembly_name> ] 

List the global assembly cache filtered by <assembly_name> 
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/lr [ <assembly_name> ] 

List the global assembly cache with all traced references, 
/cdl 

Deletes the contents of the download cache 
/ldl 

Lists the contents of the download cache 


/? 

Displays a detailed help screen 
Options: 

/r <reference_scheme> <reference_id> <description> 

Specifies a traced reference to install {/i, /il) or uninstall (/u, /ul). 


/ f 

Forces reinstall of an assembly. 

/nologo 

Suppresses display of the logo banner 
/silent 

Suppresses display of all output 

Bbi3BLLB yTHJiHTy GACUtil.exe c napaMeTpoM /±, mojkho ycTaHOBHTb c6opKy b Ka- 
Taiior GAC, a c napaMeTpoM /u c6opKa 6v/ict y/ia/icna H3 GAC. 06paTHTe BHiiMaHiie, 
hto c6opicy c HecTponiM HMeHeM iic.i noMecraTb b GAC. Ecjih nepcaai i) GACUtil. 
exe (Jianji c6opKH c HecTponiM HMeHeM, yTiuiiiTa BbmacT cjie/tyioin,ee coodmemie 
06 omndice (oimidica aooaiticim^i c6opKii b koiii: nonbinca ycTaHOBHTb c6opKy 6e3 
CTpororo hmchh): 

Failure adding assembly to the cache: Attempt to install an assembly 
without a strong name 


nPMMEHAHME 

no yMO/iHaHMio MaHnny/iaitMM c KaTanoroM GAC Moryr ocymecTBaaTb numb saeHbi rpynnw 
Windows Administrators. GACUtil.exe He CMOxeT ycTaHOBHTb nan yflaanTb cdopKy, ecan 
Bbi3BaBLunti yTnanty noab30Bateab He bxoaht b ety rpynny. 


IlapaMeTp /i yTHjniTbi GACUtil.exe oneHb ya,o6eH ahh pa3pa6oTHHKa bo BpeMH 
TecTHpoBaHiia. 0/i,i iaiai npn iicnojib30BaHiin GACUtil.exe ajih pa.3iiepTi>iiiaim a cdopicii 
b pa6o'ieii cpe/te pckomcilivctcm npn.\ieimTb napaMeTp /r b /yiiio/memie k /i — npn 
ycTaHOBKe h /u — npn y/ta/iemi 11 cdopicii. IlapaMeTp /r ooeciiC'iinsacT mnerpannio 
c6opKH c Mexami3M0M ycTaHOBKii h yaa/ieima nporpaMM Windows. IIo cym bm30b 
yTHjiHTbi c 3thm napaMeTpoM coodmacr cuctcmc, jum KaKoro npmioaceHim rpedycTCFi 
3ta coopica, h CBH3biBaeT hx .vie>K/i,y codoii. 
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nPMMEHAHME 

Ecjim c6opKa co ciporuM HMeHeM ynaKOBaHa b CAB-c^ann v\s in oxaia i/iHbiM cnoco6oM, 
to, npexfle aeM ycTaHaB/iMBaib c^aim c6opkh b KaTa/ior GAC npn noMomn yiwnvnu 
GACUtil.exe, c/ieAyeT pacnaKOBaTb ero bo BpeMem-ibm cJsaCia, kotopnm HyxHO yAa/iMTb 
nocne ycTaHOBKi/i cbopKn. 


ymjiHTa GACUtil.exe He bxoaht b cocTaB cbo6oaho pacnpocTpaHaeMoro naKcra .NET 
Framework, npeAHasHancHHoro /pm koiic'iiioio no/ib30BaTejifl. Ecjih b ii|)ii.TO>Kemin 
ecTb c6opicii, KOTopbie AOJiacHbi pa3BepTbiBaTbca b KaTajiore GAC, ncnojib3yHTe npo- 
rpaMMy Windows Installer (MSI), TaK KaK dto e/piiirmemibm HHCTpyMeHT, cnocooiibiii 
ycTaHOBHTbcdopKii b GAC h rapaHTiipoBaHHO npucyTCTByiomiiHHaMamime Koncanom 
nojib30BaTejiH. 

BHMMAHME 

QioSanbHoe pa3BepTbiBaHne c6opkm nyreM pa3MemeHna ee b KaTanor GAC — 3to oahh n3 
bmaob pemcTpapnn cSopicu b cucTeivie, xota 3to Hm<aK He3aipamBaeT peecip Windows. 
YcTaHOBKa cdopoK b GAC Ae/iaeT HeB03M0>KHbiMu npocTbie ycTaHOBKy, xonnpoBaHue, 
BOCCTaHOBJieHne, nepeHOC n yAa/iem/ie npmio>KeHMa. no stow npunuHe peKOMeHAyeTca 
M36eraTb mo6a/ibHoro pa3BepTbiBaHna n ucno/ib30Baib 3aKpbuoe pa3BepTbiBaHne cdopox 
BCKDAy, TAe 3T0 TO/lbKO B03M0>KH0. 


3a 1 (cm «penicTpHpoBaTb» cdopicy b KaTanore GAC? I ipcAC'iaiiPvrc cede, hto /pse kom- 
naHiin caejiajiH KaacAaa cboio cdopicy OurLibrary, cocToamyio H3 e/uiHCTBeHHoro (jtaiuia: 
OurLibrary.dll. Oaemppio, oth (jiaii.Tbi iie/maa aaimcbinaTb b oahh KaTajior, nocKO/ibicy 
4>aiiji, KonripyeMbiir nocjie/pm.vi, nepe3aniimeT nepBbiir h tcm caMbiM HapymriT padoTy 
KaKoro-HiidyAb npHjioaceHHH. Ecjih /pin ycTaHOBKii b GAC ncnojib30BaTb ciKTina.ibiibiii 
HHCTpyMeHT, oh co3/i,acT b KaTanore %SystemRoot%\Microsoft.NET\Assembly OTAejibHbie 
nanKii /pia Kaac/tOH H3 othx cdopoK h CKomipyer Ka>K/i,yio cdopKy b cboio nanicy. 

OdbiHHO nojib30BaTejni He npocMaTpiiBaiOT CTpyKTypy KaTa/ioroB GAC, noaTOMy 
/pin Bac OHa He hmcct peajibHoro aiia'icima. /loiio. ibiio Toro, tio CTpyKTypa KaTanoroB 
GAC H3BecTHa CLR h HHCTpyMeHTaM, padoTaiomHM c GAC. 


riocTpoeHiie c6opkm, ccbuiaiomePicfl 
Ha c6opi<y co CTpomM MMeHeM 

KaKyio dbi cdopicy bbi hii CTpoiuin, b pe3yjibTaTe Bcer/ia nojiynaeTCH cdopKa, ccm- 
./laiomaaca Ha /ipyrnc cdopKii co CTponiMH iiMeHaMii. 3 to yiix/pac/p/niie BepHO xoth 
dbi noTOMy, tio K/iacc System.Object onpe/tejieH b MSCorLib.dll, cdopice co CTponiM 
HMeHeM. O/piaico iseam/a BcpoamocTb Toro, hto cdopKa TaiOKC dy/tCT ccbuiaTbcn Ha 
Timbi H3 apyriix cdopoK co CTponiMH HMeHaMH, ips/pmiibi.vni Microsoft, ctopohhhmh 
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pa.'spaooT'iiiica.vi h jiii6o coa/uii 1111 , 1 m h b nameii opraiiH3apHM. B raaBe 2 noKa3aHO, KaK 
Hcnojib30BaTb KOMnujiHTop CSC.exe c napaMeTpoM / reference aaa onpeAeaemia 
c6opKii, Ha KOTopyio AO. : r'/Kiia ccbiaaTbcn coa/puiac.via^i c6opKa. Ecaii BMecTe c hmciicm 
<|)aii./ia 3a/prn> no.iiibiii nyTb k HeMy, CSC.exe 3arpy3HT yKa3aHHbiii (jiaii.a h iicrio. ri>3ycT 
ero .\ieTa/i,amiP)ie /p/ra nocTpoeram c6opKii. KaK otmcmcipo b rjiaBe 2, ecaii 3»a;p:u io hmh 
cfiaHJia 6e3 yica.iaiina nyra, CSC.exe iibnacrca HaitTH iiV/Kiiyio c6opKy b cjie/tyiomnx 
KaTanorax (npocMaTpuBaa hx b nopHAKe i[epe i nic. : iemia). 

1. Paoo'ibiii KaTajior. 

2. KaTajior, r/ie HaxoAHTCH 4>aiia CSC.exe. 3tot KaTaaor TaKace coAepaciiT DLL- 
6h6jihotckh CLR. 

3. KaTanora, ;sa/i,aiiiip>ie napaMeTpoM /lib KOMaii.'i.iioip CTpoKii KOMmpiHTopa. 

4. KaTaaoni, yKa3aHHbie b nepeMeHHofi oicpyaccima LIB. 

TaKiiM o6pa30M, hto6h CKOMnoHOBaTb c6opKy, ccbi.'iaiomyiooi Ha (jiaft a System. 
Drawing.dll pa3pa6oTKii Microsoft, npn Bbi30Be CSC.exe Moaoio 3aaaTb napaMeTp 
/reference: System. Drawing.dll. KoMniiAHTop npoBepiiT nepeaHcaeHHbie Ka- 
Tajiorn h o6iiapya<nT (Jjafta System.Drawing.dll b o/piiom KaTaaore c cjiaftaoM CSC. 
exe — tom ace, KOTopbift coAepacirr 6ii6jiiiOTeKii DLL Bepcnn CLR, KOTopyio caM 
Hcnojib3yeT /up a co.3/pa 1 1pi a c6opKii. O/piia ko HecMOTpn Ha to, mto npn komhipihiuih 
c6opKa iiaxo, : pii'ic>i b stom KaTaaore, bo ispe.Ma hi,pipoxiiici i pp>i ora c6opKa aai pyacae'i’oi 
H3 /ppyi oi o Ka'ixuioi a. 

/feao b tom, M'l o bo lipe.via ycTaHOBKii .NET Lramework bcc ())aii./i bi c6opoK, cojahii- 
Hbix Microsoft, ycTaHaBaiiBaiOTCH b aisvx oicae.Mii.Mapax. Oaiih Ha6op (jiait ioii aaiiocmcH 
b ayuiii KaTajior c CLR, a Apyroft — b KaTaaor GAC. Oaftabi b KaTajiore CLR oSaernaioT 
nocTpoeHiie noab30BaTeabCKiix c6opoK, a hx Koniiit b GAC npeAHa3HaaeHbi /pin 3arpy3Kii 
bo BpeMH BbinoaHeHiia. 

CSC.exe He iimeT HyacHbie rji h komhohobkh c6opKii b GAC, noTOMy mto /pm 3Toro 
BaM iipiiipi. ioci) 6bi .3a,aaiia:i P) nyTb k cjiaftay c6opKii, a CTpyKTypa GAC He AOicy.viem ii- 
poBaHa. TaKace MoacHO 6biao 6bi aa/puia'i P) c6opKii npn noMomu He .vieiiee /pihhhoh, ho 
nyTb 6ojiee ii3HiitHoft CTpoKii Bima: 

System.DraiA/ing, Version=4.0.0.0, Culture=neutral, PublicKeyToken= b03f5f7flld50a3a 

06a cnoco6a 6 p>i.tu iiacm. iijco HeyKAioacHMH, 'no 6biao pemeHO pi|)C/i,ppo’iccppj hm 
ycTaHOBKy Ha p io. p Ij.io iia i eji p>ck pi ii acecTKHii ;i,hci< aisyx Konrift cjiaiinoii c6opoK. 

KpoMe Toro, c6opKii b KaTajiore CLR He iipiibM3aiPi)i k MamiiHe. Hipaae roBopa, 3th 
c6opKii coa,epacaT ToabKO MeTaAaHHbie. TaK KaK koa IL hc HyaceH Ha ctaahh nocTpoeHiia, 
b 3tom KaTajiore lie HyacHO xpaHiiTbBepcHH cftopKii aahx86, x64 h ARM. C6opKii b GAC 
coAepacaT MeTaAaHHbie h IL, noTOMy hto koa HyaceH ToabKO bo BpeMH ii p>i pio. ii popppt ai . 
A nocKOAbKy koa MoaceT onTiiMH3iipoBaTbCH aah KOHKpeTHOii apxiiTeKTypbi npopeccopa, 
b GAC MoryT xpaHiiTbCH iiecico. ii.ico Bepciift oahoh c6opKii; ohii HaxoAHTCH b pa3Hbix 
noAKaTaaorax, cooTBeTCTByiomux pa3HbiM apxHTeKTypaM npopeccopoB. 
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YCTOMHHBOCTb c6opOK CO CTponiMM MMeHOMM 
K HeCaHKI4MOHIipOBaHHOM UMM 

1 lo/iimcaimc cjianjia 3aKpbiTbiM kjhohom h mie/tpcimc no/pmcii h OTKpbiToro K. iio>ia 
b c6opKy iio.3ho. imct CLR yoc/piTbCH b tom, 'no c6opKa hc 6bma \io/i,i'ic))iinii|:)OHai[a hjih 
iioii|)C>K;i,eiia. IIpn ycTaHOBKe c6opKii b GAC cucTeMa xenmpyeT coflepatHMoe cjjaitjia 
c MaHi«J)ecTOM h cpaBHHBaeT nojiyHeHHoe 3HaHeHiie c iiHcjipoBOH noamicbio RSA, 
BCTpOCHHOH B PE-cjiaHJI (nOCJie IISB. IC'iemiM 110/1,1111 CM C nOMOmblO OTKpbiToro K. IIO'ta). 
M,a,eHTHHHOCTb 3iiaHCTniH 03HaHaeT, hto co/iepacHMoe (fiaii/ia He 6hjio MOAHtjnmiipoBaHO. 
KpoMe toto, cucTeMa xenmpyeT co/iepacHMoe Apynix cjiaiuiOB c6opKii h cpaBHHBaeT no- 
jiyieiim.ie 3iiaHcnitH c TaKOBbiMii H3 Ta6jmu,bi MaHiicjiecTa FileDef. Ecjih xoTb o/pio H3 
3HaHeHiTii He C0Bna/i,aeT, 3HaHHT xoth 6bi o/imh h3 cjjaiijiOB c6opKii 6bui MOAiicjiHuiipoBaH 
h nonbiTKa ycTaHOBKH c6opKii b KaTajior GAC okohhhtch iicy/ui'ieii. 

Koraa npHJioaceHino TpcoycTca npiiBH3Ka k c6opKe, Ha KOTopyio oho ccbuiaeTCH, CLR 
Hcnojib3yeT /pi a noncKa oroii c6opKii b GAC ee CBoiiCTBa ( n m a, Bepcino, peniOHajibHbie 
CTair/i,apTbi h OTKpbiTbiii k.iio i i). Ecjih iiy/Kiiaa c6opKaooiiapy/Ki'iiiae'ica, isoaiipamacTca 
nyTb k KaTanory, b kotopom OHa iiaxo/pnca, h 3arpyKaeTCH (jiaii.a c ee Mami()x:CTOM. 
TaKoii MexaHH3M noncKa c6opoK rapaHTiipyeT Bbi3biBaiomeH crapoHe, hto bo ape .via 
BbinojiHeHiia 6 v/ict 3arpy>i<ena c6opKa 113 /piTejiH, cos/taiiiiiero Ty c6opKy, c KOTopofi 
KOMniiJiiipoBajiacb nporpaMMa. Taiaia l apamna B03M05KHa o./iaro/pipa cootbctctehio 
M apKepa OTKpbiToro K/nona, xpamimerocH b Ta6jHiu,e AssemblyRef ccbuiaiomeHCH 
c6opKII, OTKpbITOMy KJIIOHy H3 Ta6jIHH,bI ASSertlblyDef c6opKII, Ha KOTOpyiO CCblJiaiOT- 
ca. Ecjih Bbi3biBaeMoii c6opKii hct b GAC, CLR ciia'ta/ia iimeT ee b 6a30B0M KaTanore 
npiuioaceHiia, 3aTeM npoBepaeT Bee 3aicpbiTbie nyTH, yKa3aHHbie b KOHtJmrypaijHOHHOM 
(jiaii./ie iipii/io/Keima; noTOM, ecjrn npHjioateHiie ycTaHOBJieHO npn noMomu MSI, CLR 
npocHT MSI HaiiTH iiy>Kiiyio c6opKy. Ecjih hii b o/uiom 113 3thx BapnaHTOB c6opKa He 
Haxo/iHTCH, npiiBH3Ka 3aKaiii|iiiiacrca iiey/ia'ieii h isbi/iaei'ca mcic.iio'kmiiic System. 
10.FileNotFoundException. 

nPMMEHAHME 

Koraa cSopxa co CTpomM mvieHeM 3arpyxaeTCfl M3 KaTaaora GAC, cucTeMa rapaHTiipyeT, 
hto cpaFmbi, coAepxamue MaHMpecT, He noABepnm/icb HecaHKu,noHnpoBaHHoFi moah<I)h- 
KapHM. 3ia npoBepKa npoi/icxoAHTTO/ibKO oahh pa3 HaaTaneycTaHOBKM. flna y/iyHLueHi/ia 
np0M3B0AHTe/ibH0CTM cpeAa CLR He npoBepaeT, 6bmn an cJiaFiabi HecaHKu,i/iOHi/ipoBaHHO 
MOAn<t>nu,npoBaHbi, i/i 3arpy>xaeT mx b AOMeH npi/i/ioxeHHfi c noaHbiMH npaBaMM. B to xe 
BpeMa, KorAa cbopKa co CTpormvi HMeHeM 3arpyxaeTca He 1/13 xaTaaora GAC, cpeAa CLR 
npoBepaeT (pawn MaHi/KpecTa cbopKH aabbi yAOCTOBepi/iTbca b tom, hto oh ycToi/Mi/iB k 
H ecaHKu,noHnpoBaHHOM MOAi/i<t>nKau,m/i, 3aHHMaa Aono/iHMTe/ibHoe BpeMa ana npoBepKH 
KaxAbiia pa3 bo BpeMa 3arpy3KM 3 toto c^awia. 


IIpn 3arpy3Ke c6opiai co CTponiM iimchcm He H3 GAC, a 113 apyroro KaTajiora 
(6a30Boro KaTajiora npiuioaceHiiH hjiii KaTajiora, 3a/i,aHHoro ojicmchtom CodeBase 
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b KOHc|)HrypaLi,iiOHHOM (jiaiijic) CLR npoBepneT ee xem-KOAbi. 14 i iaue roBopa, b /laimo.vi 
cjiyiac xemiipoBaHiie <})ai ; L : ia isiiIiio. iiimcicm npn KaACAOM 3anycKe ii|)ii./io'/KcmiM. Ilpn 
3T0M OPjICTpOaCiiCTIUIC HeCKOJIbKO Cim'/KaC'ICM, HO MOACHO rapaHTIipOBaTb, HTO COAep- 
acHMoe c6opKn He noABeprnocb HecaHKu,iiOHiipoBaHHOH mo/ph<))ii 10111,1111. Ooiiapy/Kiin 
bo BpeMH m.mo. memiM HecooTBeTCTBue xchi-koaob, CLR isbi/pacr iioiciio'icime System. 
10.FileLoadException. 


OTiio>KeHHoe noAnucai-me 

PaHee b stoh iviaise odcyACAajiCH cnoco6 nojiyiemiM KpimTorpacjmuecKofi napbi KJiioncii 
npn iiomoihh yTHjiHTbi SN.exe. 3Ta yTHjiHTa reHepupyeT kjiiohh, Bbi3breaH (jjyHKLuiii 
npeAOCTaBjieHHoro Microsoft KpunTorpacjiHuecKoro API-iiii're|)())eiica 110/7 iiaabaimc.vt 
Crypto. I lo. iyaemibie b pe3yjibraTe union it MoryT coxpaHHTbCH b <f)aii./iax Ha niodbix3a- 
noMiiHaiomHx ycTpoiiCTBax. HanpriMep, b KpynHbix opi aim.iaupiHx (apo/pc Microsoft) 
reHepupyeMbie 3aKpbiTbie union 11 xpaHHTCH Ha annapaTHbix ycTpoiiCTBax b ceficjiax, 
h jiiiuib HecKOJibKO nenoiicu h 3 uiTaTa KOMnaHiiii hmciot AOCTyn k 3aKpbiTbiM K.niooa.Yt. 
3 th Mepbi npeAOCTopoacHOCTH npeAOTBpanpaiOT KOMnpoMeTaruiio 3aKpbiToro K.iiona 
h odecneuriBaiOT ero penocTHOCTb. Hy, aOTKpbiTbifi union, ecTecTBeHHO, ooine/pociyueii 
h pacnpocTpaHHeTCH cbo6oaho. 

noAroTOBHBiHHCb k KOMnoHOBKe c 6 opKii co CTponiM HMeHeM, iia/ 1,0 iio/pimca'i b ee 
3 aKpbiTbiM uniono.vi. O.yiauo npn pa3pa6oTKe h TecTupoBaHini cdopKii onem> 1 icy/ 1 , 06 - 
HO TO H AC.'IO AOCTaBaTb 3aKpbITbIH K. IIO'P, KOTOpblH XpaHHTCH «3a CCMblO lICnaTHMIln, 
noaTOMy .NET Framework noAAepncHBaeT omnoMenme nodnucanue (delayed signing), 
Taioi/c itiior/pa Ha3biBaeMoe uacmunnuM (partial signing). OrnoAcemioe iio/iimcaiiiie 

II03IS0.THCT nOCTpOHTb c6opKy C OTKpbITbIM UOIOnOM KOMnaHIIH, He TpeSyH SaUpblTOlO 
Kjnona. OTKpbiTbifi muon AaeT B03M0ACH0CTb BCTpaimaTb b 3amicii Ta6jmrpbi AssemblyRef 
cdopKii, ccPii.iaioimiccM Ha Bamy coop icy, nonyuaTb iipaisnnbiioe .piianemte OTKpbiToro 
uniona, a '['aioice KoppeKTHO pa3MenpaTb ;:mi coopioi bo BHyTpeHHeii CTpyKType GAC. 
He noAnHCbiBaa (jiaiin 3aKpbiTbiM kjhohom, bm nonHOCTbio juimaeTecb 3airpHTbi ot He- 
caHKrpi-iOHiipoBaHHoii MOAHcjuiKarpim, TaK KaK npn atom hc xemupyiOTCH (Jpaiinbi cdopKii, 
a rpiitj/poBan noAnucb hc BKmonaeTCH b (Jpafin. OAHaKO Ha aahhom 3Tane 3 to hc npodneMa, 
nocKOJibKy noAmicaHiie cdopKii OTKnaAbiBaeTCH numb Ha BpeMH ee pa3pa6oTKii, a roTOBaH 
k ynaKOBKe h pa3BepTbiBaHiiio cdopKa noAnucbiBaeTCH 3aKpbiTbiM kjhohom. 

OdbIHHO OTKpbiTbifi K.TIO'I KOMnaHIIH IlOJIV 1 PaiOT B BHAC cjiaflAa H nepCAaiOT ero yTH- 
AHTaM, KOMnoHyiomriM cdopKy. (KaK ynce OTMenanocb b stoh rnaBe, aah H3BneueHiiH ot- 
KpbiToro unionaH3 (jiaiiaa, coAepncairpero napy k.iiomc it, moacho Bbi3BaTb ymnHTy SN.exe 
c napaMeTpoM -p.) CneAyeT TaKAce yKa3aTb nporpaMMe nocrpoemiH cdopKy, noAniicaHne 
KOTopofi 6yAeT otaoacciio, to ecTb Ty, [ ito 6yAeT CKOMnoHOBaHa 6e3 3aKpbiToro uniona. 
B KOMnHAHTope C# aah 3Toro cnyACHT napaMeTp /delaysign. B Visual Studio b okhc 
CBoiicTB npoeKTa HyACHO ncpcuTH Ha BKnaAKy Signing h ycTanoBiiTb cjuiaACOK Delay sign only, 
npn Hcnojib30BaHiiH yTHAHTbi AL.exe hco6xoahmo 3aAaTb napaMeTp /delay [ sign]. 
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Oonapyaciiis, 'no iio/pmcaime c6opKH OTKJiaAbreaeTCH, komiihjihtop iijiii yiH.'iina 
AL.exe reHepupyeT b Tananii,c \iCTa;i,aiiiib[x c6opKii AssemblyDef 3anncb c OTKpbiTbiM 
kjhohom c6opKn. KaK 6buio CKa3aHO paHee, iia./mane OTKpbiToro K. iioaa no3BOJBieT pa3- 
MecTHTb 3Ty c6opKy b GAC, a xaioKC coa/unsaTh apynie c6opKii, ccbuiaiomHecH Ha Hee, 
npn 3tom y hhx b 3anncHx Ta6jiiii],bi Mexa/iamibix AssembyRef 6y/t,c'[ BepHoe .iiiaaciuic 
OTKpbiToro K. no'ia. IIpn nocTpoeHiiii c6opKii b peay.TbTiipyiome.Yi Pl£-<))aii. : ie ocTaeTCH 
MecTO ajih iiiKjipoiioii no/pmoi RSA. (IIporpaMMa nocapocima onpenejiHeT pa3Mep He- 
o6xo;i,hmoi'() cbooo/iiioio MecTa, ncxo/oi H3 pa3Mepa OTKpbiToro K. iio'ia.) KcTaTH, h Ha 
3tot pa3 xemupoBaHHe conepxcHMoro (jiaii.ioii He iipoiiano/priCM. 

Ha 3tom 3Tane peayabTiipyiomaa c6opKa He HMeeT AeiicTBiiTejibHOH nwifipoBOH iio/i,- 
nucH. ITonbiTKaycTaHOBKii Taicoii c6opKii b GAC okohhiitch iicy/taaeii, TaK KaK xciii-ko/i, 
co/lc])>khm(> io (jiaiina He 6bui pacc'imaii, 'no coa/[,acT bh/iitmoctb noiipoKyeimH (jiaii.'ia. 
J\nsi Toro ‘iTo6ia ycTaHOBHTb TaKyio c6opKy b GAC, iiy>i<iio 3anpeTHTb CHCTeMe npoBep- 
Ky u,eji0CTH0CTH 4>afuiOB c6opKii, Bbi3BaB yTHjiHTy SN.exe c napaMeTpoM KOManaiioii 
CTpoKii -Mr. Bbi30B SN.exe c TaKHM napaMeTpoM TaKace m,iiiy>i<;i,aeT CLR nponycTHTb 
npoBepKy xem-Koya /lym Bcex (jiaii./ioii c6opKii npn ee 3arpy3Ke bo BpeMH isbiiio. inemoi. 
C TOHKii spcii hm BHyTpeHHeii pea. : maaiiiin CHCTeMbi napaMeTp -Mr ymnuTbi SN.exe o6e- 
ciiC'iiiBacTpa3MemeHHe n;i,cm ii())iiKamioiiiioii HHiJiopMauHHc6opKii b paa/tcaepeecTpa 
HKEY_LOCAL_MACHINE\SOFTWARE\Microsoft\StnongName\Venification. 

BHMMAHME 

ripu i/icnoab30BaHnn n\o6o\/\ yTM/iMTbi, MMeiomePi flOCTyn k peecipy, HeoOxoAMMO y6e- 
AMTbca b tom, hto aha 64-pa3paAHoFi ruiaTcbopMbi ncnojib3yeTca cooTBeTCTByiOLAaa 
64-pa3paAHaa yiwnwra. no yMonnai-mio yiwnvna noA 32-pa3paAHyio ruiaTcbopMy x86 
ycTaHOBTieHa b KaTaxiore C:\Program Files (x86)\Microsoft SDKs\Windows\v8.0A\bin\ 
NETFX4.0 Tools, ayrmvrta noA64-pa3PHAHyio naaict3opMyx64— b xaTaaore C:\Program 
Files (x86)\Microsoft SDKs\Windows\v8.0A\bin\NETFX 4.0 Tools\x64. 


OKOHHaTeubHO npoTecTHpoBaHHyio c6opKy iia/i,o oclwnnaabiio no/pmca'ib, hto6m 
caejiaTbB03MoacHbiMHeeynaKOBKy h pa3BepTbiBaHne. Hto6h no/pmcaTbc6opKy, CHOBa 
Bbi30BHTe yTHjiHTy SN.exe, ho Ha stot pa3 c napaMeTpoM -R, yKa3aB hmh cjiaii.Ta, co- 
Aepacamero iiacTOMimiii 3aKpbiTbiii K. iioa. IlapaMeTp -RaacTanaacT SN.exexenmpoBaTb 
coAepacHMoe cfiafuia, nommcaTb ero 3aKpbiTbiM kjhohom h BCTpoHTb uncjipoByio nommcb 
RSA b 3ape3epBiipoBaHHoe cnono/u ioc mccto. nocjie stoto iio/pmcaiiiiaM no bccm npa- 
BHJiaM c6opKa roTOBa k pa3BepTbiBaHHio. He aaoypbTC CHOBa bkaioahtb BcpucjinKaunro 
3toh c6opKii Ha ManiHHax pa3pa6oTKH h TCC'i n|)Obaima, Bbi3BaB SN.exe c napaMeTpoM 
-Mu ium -Vx. 

I lo. inaa iioc.TC/yiiia'ic.TbiKic'i b achctbhh no coa/piiinio c6opKH c OT. : io>KcmibiM no/i;- 
nucaHHeM BbirjiHAHT (yiiyiyiomiiM o6pa30M. 

1. Bo BpeMH pa3pa6oTKH c6opKH c.TC/iyc'i nojiynuTb cjaafiJi, coAepacamufi jmnib ot- 
KpblTblH K'.TIO'I KOMnaHHH, H /yjOaiiHTb B CTpOKy KOMnUJIHAHH c6opKH napaMeTpbl 
/keyfile h/ delaysign: 

esc /keyfile:MyCompany.PublicKey /delaysign MyAssembly.es 
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2. Ilocjie nocxpoemi h cdopiai Ha/ 1,0 BbinojiHiiTb noKa3aHHyio Aa/ice KOMan/i,y, hto6m 
nojiyHHTb B03M0acH0CTb TCCTH|)oiiai in a 9toh c6opKii, ycTaHOBKn cc b KaTajior GAC 
h KOMnoHOBKH Apynix c6opoK, ccbi.iaioiunxcM Ha Hee. 3Ty KOMaH/iy /[.ocTai'OMiio 
HcnojiHiiTb .1111111) pa3, He HyacHO AejiaTb 3to npn tcaac/ioir KOMnoHOBKe c6opKn. 

SN.exe -Vr MyAssembly.dll 

3. nOArOTOBIIBHIIICb K yiiaKOBKC H pa3BepTbIBaHIIK) c6opKII, Ha/1,0 IIOAV'IHTb 3aKpbITblii 
kjhoh KOMnaHHii h BbinojiHiiTb npiiBe/ieHHyio Aanee KOMaH/iy. I Ipn ace/iaii hh mo>kiio 
ycTaHOBHTb HOByio Bepcrno b GAC, ho He nbiTaHTecb 3to c/te/iaTb /i,o iibiiio. ineima 
mara 4. 

SN.exe -R MyAssembly.dll MyCompany.PrivateKey 

4. TCCTiipoiiaima cdopiai b peaiibHbix yc/ioBHHX CHOBa mcno'iine npoBepKy c/ie- 
AyiomeH KOMaH/iofi: 

SN -Vu MyAssembly.dll 

B naxaiic pa3/iejia miiopii.'ioci, o xpaHeHHH kjhohch opraHH3aiiHH Ha annapaTHbix 
HOCHTejiax, iiaiijiuMcp Ha CMapT-KapTax. /I, am Toro hto6m ooecnc'iii'i b 6e3onacHOCTb 
K.iio'ieii, neo6xo/i,n.\io c/ie/iHTb, hto6m ohii HiiKor/ia He 3anHCbiBajincb Ha /hick b mi/i,e 
4/aHJiOB. KpunTorpacjuraecKHe npoBaii/iepbi (Cryptographic Service Providers, CSP) 
onepau,HOHHoii cucTeMbi iipc/iocTaii./m fot KOHmeunepu, no3BOJi5Horn,He adcTparnpo- 
BaTbca ot (|)H3H'iccKom MecTa xpaHeHHH K.iio'ieii. HanpHMep, Microsoft Hcnojib3yeT 
CSP-npoBaii/iepa, KOTopbiii npn o6pauieHHH k KOHTeiiHepy cim biisacT 3aKpbiTbiir k.iio'i 
c ycTpoiicTBa. 

Ecjih napa icno'ieii xpaHHTCH b CSP-KOHTeiniepe, iicooxo/himo ncnojib30BaTb/qiymc 
napaMeipbi npn odpaiueiiiiii k yTiuiinaM CSC.exe, AL.exe h SN.exe. npri komhhjihhhh 
(CSC. exe) bmccto /keyfile Hyamo 3aAeiicTBOBaTb napaMeTp /keycontainer, npn 
KOMnoHOBKe (AL.exe) — napaMeTp /keyname bmccto /keyfile, a npn Bbi30Be SN.exe 
A/ih /yioaii./icimM 3aKpbiToro icno'ia k c6o|)kc, iio/nmcaiine KOTopoii 6IjI.to OT/ioaceHO, — 
napaMeTp -Rc bmccto -R. SN.exe no/mepacriBaeT /(oiio.iiiirie.ibiibie napaMeTpbi ajih 
padoTbi c CSP. 

BHMMAHME 

Omo>KeHHoe noAnncaHne yao6ho, KorAa HeoOxoAHMO BbinoriHnTb xaxMe-/in6o AencTBna 
HaA c6opxon ao ee pa3BepTbiBaHna. Hanpniviep, MO>xeT noHaAoSnTbca npnwieHnTb k c6op- 
Ke3aiAMTHbieyTmiMTbi, MOAnctmi/npyioiAne ao Hey3HaBaeMOCTn koa- rioc/ie noAnncaHne 
cSopxn 3 to CAeaaTb y>xe He yAacTca, Tax xax xeiu-xoA CTaHeT HeAOi/icTBi/iTe/ibHbiM. Tax 
hto ecnn nocne xoMnoHOBxn cQopxn Hy>xHO ee 3auj,nTHTb ot AexoMnnjiai4nn win Bbino/i- 
HiaTb HaA Hen APyme aohctbhm, hbao npmvieHMTb onepaunx) omoxeHHoro noAnncaHiaa. 
B xoHpe HyxHO 3anycTHTbyTHJinTy SN.exe c napaMeTpoM -R hjih -Rc, htoSw 3aBepujnTb 
noAnncaHiae c6opxn h paccHHTaTb Bee Heo6xoAHMbie xem-xoAbi. 
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3aKpbuoe pa3BepTbiBaHne c6opoK 
CO CTpOniMM MMeHaMM 

YcTaHOBKa c6opoK b KaTajior GAC /uict HecKO/ibKO npenMymecTB. GAC noano. iacT 
HeCKOJIbKHM npHJIOaCeHHJIM COBMeCTHO HCn0JIb30BaTb c6opKIl, COKpamaa B U,ejIOM 
KOJinaecTBO o6pameHiiH k (^H.anaccKOH naMHTH. KpoMe Toro, npn iiomoiuh GAC acme 
pa3BepTbiBaTb HOByio Bepcino c6opKii h 3acTaBi-iTb Bee npiuioacemiH ncnojib30BaTb HOByio 
Bepciiio c6opKii nocpe/i,CTBOM pea.aii;sami n iiojihthkh H3/iaTca>i (cm. /place). GAC raioKC 
o6eci[C'(niiacT coBMecTHoe ynpaiiaeime HecKOJibKiiMii rscpcrwMH c6opKii. O/uiaico GAC 
o6bIHHO HaXOAHTCH 110/1, 3amHTOH MexaHII3MOB 6e30naCH0CTH, n03T0My yCTaHaBJIHBaTb 
c6opKH B GAC MO/KCT TOJIbKO aAMHHIICTpaTOp. KpoMe Toro, yCTaHOBKa c6opKH B GAC 
/y/iaCT HeB03M0/KHbIM pa3BepTbIBaHIie c6opKII npOCTbIM KOnupOBaHIieM. 

Xoth c6opKii co CTporHMH HMCHaMH MoryT ycTaiiaii. iniiaTbCM b GAC, sto BOBce He 
oflMSaTC/lbllO. B fleHCTBUTe/IbHOCTH |:K'K()MCI[/l,yCTC!-l pa3BepTbIBaTb c6opKII B GAC, TOJIbKO 
ecjiH OHii iipe/nia/siia'ieiibi /yin cobmccthoto iiciio.ibooiiamia HecKOJibKiiMii npiuioace- 
hhhmh. Ecjih c6opKa He iijic/uia.3[r/i'ici id / 1 ,/ia 3 toto, cac/pvcT pa3BepTbiBaTb ee 3aKpbiTO. 
3 tO 1103 HO./IMCT COXpaHHTb IS03M0/KI lOCTb yCTaHOBKH liyTCM «npocToro» KO11 ll|)0 liai [11 'A 
h jiyarne H30JinpyeT iipiiao/Kcmie c ero c6opKaMH. KpoMe toto, GAC He .sa/iy.vian KaK 
3aMeHa KaTajiory C:\Windows\System32 b KaaecTBe «o6mefi noMOHKH» /yia xpaHeHiia 
o6hihx <))aii. : iob. 3 to iioobo.imct H36eacaTb aa™ paima o/pnix c6opoK /ipyrmvin nyTeM 
ycTaHOBKH hx b pa3Hbie KaTanorH, ho «OTT,c/i,acT>> /piiioamiTC.ibiioc mccto Ha amcicc. 

nPMMEHAHME 

Ha caMOM Aeae a/ieivieHT CodeBase KOHcJn/irypam/ioHHoro cpaPi/ia 3aAaeT URL-aApec, 
KOTopbm MOxeT ccbmaTbca Ha jiio6oh KaTa/ior noab30BaTe/ibCKoro xecTKoro aucio i/ini/i 
Ha aApec b Web. B c/iynae Be6-aApeca CLR aBTOMaTi/inecKi/i 3arpy3i/iT yi<a3aHHbiM cjiafiji 
n coxpaHHT ero b lowe 3arpy3Ki/i Ha no/ib30BaTeribCKOM xecTKOM AHCKe (b noAKaiaaore 
C:\Documentsand Settings\<UserName>\Local Settings\ApplicationData\Assembly, rAe 
<UserName> — mmh yneTHOH 3anncn no/ib30Baieaa, BomeALuero b cncTeMy). B Aa/ibHen- 
meM npH ccbi/iKe Ha 3Ty c6opKy CLR CBepnT MeTKy BpeMeHi/i aoKa/ibHoro cjianjia m cpaCiJia 
no yKa3aHH0My URL-aApecy. Ecjih nooneAHHti HOBee, CLR 3arpy3HT cfiaHJi TO/ibKO pa3 (3 to 
CA eaaHO ajih noBbiLueHHn npoi/i3BOAHTe/ibHOCTi/i). llpi/iMep KOHcJjnrypauHOHHoro cJjaiLna 
c aneMeHTOM CodeBase 6yAei npoAOMOHdpnpoBaH no3>Ke. 


IIomhmo paaiicpTbiiiaiiiiM b GAC hjih 3aKpbiToro paaBepibiiiaimn, c6opKii co CTpo¬ 
rHMH HMCHAMH M0/KT10 pa3BepTbIBaTb B npOH3BOJIbHOM KaTajIOre, H3BeCTH0M JIHIHb He- 

6ojibinoH rpynne npn/io>KeiiHH. /(onycTiiM, bh coa/pia 11 Tpn iipiiao/Kemui, cobmcctho 
H cno/ib3yiomHe 0 / 1,1 iv h Ty ace c6opKy co CTponiM iiMeHeM. Iloc/ie ycTaHOBKH mo/ktio 
C 03AaTb no OAHOMy KaTa/iory ajih KaacAoro npn/ioaceHiiH h Aono/iHHTejibHbiH KaTajior 
AJiH CoBMecTHO Hcnojib3yeMOH c6opKH. ITpir ycTaHOBKe npii./iojicemiii b hx KaTanorH 
TaiOKe .lainiciaiiacTCM k<> iicjinry])aii,no 1111 bi 11 XML-cjjafbi, a b oacmciit CodeBase aah co- 
BMecTHO Hcno/ib3yeMOH c6opKii 3aH0CHTCH nyTb k Heii. B pe3y/ibTaTe npn BbinojmeHHH 


KaK ncnojiHniomafl cpefla pa3pemaeT ccbi/iKn Ha Tnnbi 111 


CLR 6v;tCT 3HaTb, tio cobmcctho iiciio. ; ip,;!ye.viyio c6opKy Ha/ 1,0 HCKaTb b i<;iTa./iorc, co- 
AepacameM c6opKy co CTponiM imeHeM. YnTHTe, hto stot cnoco6 npiiMCHHeTCfl aoboamio 
pe/i,KO h b CH/iy paya npiiHHH He peKOMeHAyeTCH. /],ejio b tom, tio b TaKOM cucriapHW hii 
OAHO OTAeAbHO B3HTOe npHAO/KCHIie He B COCTOHHIIH OnpeACAHTb, KOTAa HMeHHO HyACHO 
yAajiHTb (jiaii.Tbi cobmcctiio Hcnojib3yeMofi c6opKii. 


KaK Mcno/iHqiOLLvad cpefla pa3peiuaeT 
CCblJIKM Ha THFlbl 

B iia'ia,TC rAaBbi 2 bbi bmacah CACAViomiiii hcxoahmh tckct: 

public sealed class Program { 
public static void Main() { 

System.Console.WriteLine("Hi"); 

} 

} 

/JonycTHM, b pe3yAbTaTe komhhaahhh h nocTpoemiH 3Toro koaa noAyHHAacb c6opKa 
Program.exe. I Ipii 3anycice ii|)ii.to>kchiim nponcxoAHT 3arpy3Ka h iiimmia.Tiisamia CLR. 
3aTeM CLR CKamipyeT CLR-3aroAOBOK c6opKii b noncKax axpiioyTa MethodDefToken, 
HAeHTH4)HH,iipyiomero mctoa Main, npeACTaBAJuouiHH TOHKy bxoas b npiiAOAceHiie. 
CLR HaxoAHT b Ta6nHH,e MeTaAaHHbix MethodDef CMemeraie, no KOTopoMy b (jiaitTC Ha- 
xoahtch IL-koa 3toto MeTOAa, h KOMraunipyeT ero b MamiiHHbiH koa npoiieccopa npn 
noMOHin JIT-KOMmiAHTopa. 3 tot npou,ecc HK. no'iacT b cc6h npoBepKy 6e3onacHOCTH 
THnoB b KOMraunipyeMOMKOAe, nocAenero ini'1 111 laencM iicno. meniic noAyneHHoro Ma- 
miiHHoro KOAa. /I,ajiee noKa3aH IL-koa MeTOAa Main. L l ro6i>i iio.Tyim b ero, a 3anycTHA 
ILDasm.exe, Bbi6paA b MeHio View KOMaHAy Show Bytes h ABaacAbi meAKHyA na MeTOAe 
Main b AepeBe npocMOTpa. 

.method public hidebysig static void Main() cil managed 
// SIG: 00 00 01 
{ 

.entrypoint 

// Method begins at RVA 0x2050 
// Code size 11 (0xb) 

.maxstack 8 

IL_0000: /* 72 I (70)000001 */ 

ldstr "Hi" 

IL_0005: /* 28 I (0A)000003 */ 

call void [mscorlibJSystem.Console::WriteLine(string) 

IL_00@a: /* 2A | */ 

ret 

} // end of method Program::Main 

Bo BpeMH JIT-KOMnHAHH,HH 3TOrO KOAa CLR OOliapy/KHISaCT Bee CCblAKH Ha THnbI 
h 'i.tci 1 bi h aarpy/icacT c6opKii, b kotophx ohii onpeAeAeHbi (ecAH ohii eme He 3arpy- 
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aceHbi). KaK bhahtc, noKa3aHHbin koa coAepatHT cci,i.i kv Ha mctoa System.Console. 
Write-Line: KOMaHfla Call ccbiaaeTca Ha Mapicep MCTa/i,aiiiii,ix 0A000003. 3 tot Mapjcep 
H/i,eHTH(|)iiu,iipyeT 3anncb 3 Ta6.11111.bi MCTa/iamibix MemberRef (rafiji nita 0A). IIpocMa- 
TpHBaa 3Ty 3anncb, CLR bhaht, tio o/pio H3 ee nojieii ccbiaaeTca Ha oa extern Ta6fliin;bi 
TypeRef (omiobiisaioiuim Tim System.Console). 3aroicb Ta6.Timi,i TypeRef iiaiipaB.TMCi' 
CLR k cae/iyiomcti aai i nc n b Ta6jmu,e Assembly Ref: 

MSCorLib, Version=4.0.0.0, Culture=neutral, PublicKeyToken=b77a5c561934e089 

Ha 3 tom 3 Tane CLR yace 3HaeT, icaicaa c6opKa 1 1 y >k 11a, h eii ocTaeiCTi .imiii, Haimi 
h 3arpy3iiTb 3Ty c6opKy. 

npn pa3pemeHiiii ccbijiKH Ha Tim CLR xioacct iiai’n n HyacHbift Tim b oahom h3 Tpex 
MeCT. 

□ B tom ace (jiaiLie. 06pameHiie k thiiv, paciio.TO/Keiino.vty b tom ace cjiaiuie, onpe/ie.TM- 
eioi npn KOMmuiHAHH (.Tamibiii npopecc mimvia Ha3biBaiOT paHHUM ceR3U6aHueM). 
Tim 3arpyacaeTca iipaxto H3 stoto cjiaitjia, h iicnoAHemie npoAOAAcaeTCH. 

□ B ApyroM (jiaiijie toh ace c6opKH. Mciio.iiiMiomaa cpcfla npoBepaeT, tio cjiaii.T, Ha 
KOTopbiH ccbuiaiOTCH, onucaH b Ta6.THnc FlleRef b xtamKjiecTC to icy men c6opKn. 
npn 3 tom iieiio.maiomaa cpe^a iimeT ero b Kaia/iore, OTicy/ia 6bui 3arpyaceH (jiaii.T, 
eo/iepacaiunii MamicjiecT c6opKn. OaiiJi 3arpyacaeTCH, npoBepaeTCH ero xein- ko/i, 
hto6h rapaHTiipoBaTb ero n,eji0CTH0CTb, 3aTeM CLR iiaxoflirr b i le.vt HyacHbifi 't.ien 
Tima, h ncnojiHeHiie npoAoaacaeTCH. 

□ B (jiaiiae Apyroft c6opKH. KorAa Tun, Ha KOTopbifi ccbuiaiOTCH, iiaxo/imcTi b (jiati.Te 
Apyrofi c6opKH, ncnojiHHiomaH cpeAa 3arpyacaeT cjiafui c MamicjiecTOM stoh c6opKH. 
Ecjih b (fiaiuie c MaHiiijiecTOM Heo6xoAHMoro Tima hct, 3arpyacaeTca cooTBeTCTByiomiiii 
cjiawA, CLR iiaxoAitT b i le.vt HyacHbifi n.icn Tima, h iicnojiHemie npoAoaacaeTCH. 

nPMMEHAHME 

Ta6ai4u,bi MeTaflaHHbix ModuleDef, ModuleRef n FileDef ccbiaaiOTCfl Ha cjian/tbi no mvieHi/i 
n pacmnpeHMio. OflHaKO Ta6anu,a MeTaflaHHbix AssemblyRef ccbuiaeTca Ha cbopKn TOJibKO 
no nMeHn, 6e3 pacinnpeHH9. Bo BpeMn npnB93Kn xcbopice cncTeMa aBTOMaTnnecKn flo- 
baBTisieT k nMeHn cpaFiaa pacLiinpeHne DLL nan EXE, nbrraacb HatiTn cpaFm nyreM npoBepKia 
xaTaaoroB no aaropnTMy, onncaHHOMy b raaBe 2. 

Ecjiii bo BpeMn pa3pemeHira ccmakh Ha Tim B03HiiKai0T omit 6km (iic yAaeTCH iiaiini 
hah 3arpy3HTb cjiaim, He coBnaAaeT .siia'tciittc xem-KOAa h t. n.), BbmaeTCA cootbct- 
CTByiomee iicK.iiO'teiiite. 

nPMMEHAHME 

npn xeaaHnn moxho 3aperncTpnpoBaTb b BarneM KOfle MeTOflbi obpaTHoro Bbi- 
30Ba c co6biTHHMn 143 System.AppDomain.AssemblyResolve, System.AppDomain. 
ReflectionOnlyAssemblyRessolve n System.AppDomain. TypeResolve. B MeraflaxobpaT- 
Horo Bbi30Ba bn MOxeTe BbinoaHnTb nporpaMMHbiti koa, KOTopbiti petnaeT 3Ty npobaeMy 
n no3BoaaeT npnaoxeHnio BbinoaHaTbca 6e3 Bbi6pacbiBaHna ncxaiOHeHna. 
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B npeAbi/iymeM npimepe cpe/ia CLR o6napyaciiBajia, >ito ran System.Console pea- 
jm30BaH b cjjafijie Apyroii c6opicii. CLR AOJiaoia Haftra 3Ty c6opKy n 3arpy3HTb PE-cjiaiui, 
coflepacamiiii ee .viamKjiecT. Ilocjie stoto MamnJiecT CKamipyeTCH b noiicicax cbc/ichhh 
o PE-cjiaiuie, b kotopom peajiii30BaH hckomhii Tim. Ecjih Heo6xoAHMbiH Tim coAepaciiTCH 
b tom ate cjia ii./ie, tio 11 MamicjiecT, bcc aaMcaaTeaiaio, a ecaii b ApyroM (jiaiLie, to CLR 
3arpyacaeT am cjiaiLi 11 npocMaTpimaeT ero MCTa/umiibie b noncKax HyatHoro Tima. 
I Iocjie 3toto CLR coa/iaer cboio BHyTpeHHioio CTpyKTypy aaHHbix /ijih npeACTaBJiemm 
Tima ii JIT-KOMnnanTop 3aBepmaeT KOMnujunjino MeTOAa Main. B 3aBepmeHiie npopecca 
HammaeTca hciio. iiktiiic mcto/ui Main. 

PiicyHOK 3.2 inunocTpupyeT npon,ecc npun 11.3 kii k TimaM. 



Pnc. 3.2. EaoK-cxeMa aaropHTMa noncxa MeiaAaHHbix, ncnoab3yeivibix CLR, cjianaa c6opkh, 
rfle onpefleneH Tun nan MeTOA, Ha KOTopbin ccbiaaeTca IL-koa 


Ecjih KaKaa-./moo onepan,imaaKaii'iimacTCM iiey/tancii, to ma/iac'ica cooTBeTCTByio- 
mee HCKjnoneHHe. 

EcTb eme oahh HioaHc: CLR HACHTjnfjinuipycT bcc c6opKii no hmchii, Bepcim, penio- 
HajibHOMy CTan/iap'iy 11 OTKpbiTOMy K. iioav. O/piaico GAC paa./m'iacT c6opKii no hmciiii, 
BepcHH, peniOHaabHOMy CTaiiaapiy, OTKpbiTOMy K. iio'iy 11 npon,eccopHOii apxiiTeKType. 
ITpii noiicKe c6opKii b GAC cpc/ia CLR bbiacnacT, b KaKOM npopecce Hbino./macTca npii- 
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./io>kciihc — 32-|)a3|)M/uio\i x86 (bo3mo»cho, c Hcnojib30BaHneM TexHOJiorioi WoW64), 
Gi-paspa/uio.vi x64 hjih 64-pa.3pn/uio,\i ARM. CHanajia isbiim. iiiacica iiohck cGopien 
b GAC c yacTOM npopeccopHofi apxHTeKTypbi. B cjiyiae ney/yui nporicxo/tHT noncK 
c6opKii 6e3 yieia npoiteccopHoii apxHTeKTypbi. 

BHMMAHME 

Ciporo roBopn, npnBeAeHHbin npniviep He nBnneTcn CTonpopeHTHO BepHbiM. Ann ccbmoK 
Ha MeTOAbi n TMnbi, onpeAe/ieHHbie b cGopKe, He nocTaBnneMOH b cociaBe .NET Framework, 
Bee CKa3aHHoe BepHO. OAHara cGopkh .NET Framework (btom nncne MSCorLib.dll) TecHO 
CB33aHbi c paGoTaiomeFi Bepcnen CLR. TIioGan cGopKa, ccbinaiomancn Ha c6opi<n .NET 
Framework, BcerAa npnBn3biBaeTcn k cooTBeTCTByiomen Bepcnn CLR. 3 tot npopecc Ha- 
3biBaiOT yHHctTHKaunen (unification), n Microsoft ero noAAepxnBaeT, noTOMy hto b stoh 
KOM naHnn Bee c6opi<n .NET FrameworkTecTnpyiOTcncKOHKpeTHOH Bepcnen CLR. nosTOiviy 
yHncJjnKau.nn cieKa koa 3 rapaHTnpyeT KoppeicmyK) paGoTy npnnoxeHnn. 

B npeAbiAyuaeM npniviepe ccbmKa Ha MeTOA WriteLine oGbeicra System.Console npnBn- 
3biBaeTca k Bepcnn MSCorLib.dll, cooTBeTCTByiomen Bepcnn CLR, He3aBncnMO OTToro, 
Ha KaKyio Bepcnio MSCorLib.dll ccwnaeTcn TaGnnpa AssemblyRef b MeiaAaHHbix cGopKn. 


H 3 oioro pa3Aejia mh yona.Tii, KaK CLR iimeT cGopKii, Kor/pi /yiicTisycT iio.iiith i<a, 
npe/aiaracMaa no y.vioji'iamno. O/uiaKO a/UYtrimiCTpaTop hjiii na/pnc./i b coopim mo>kct 
3aMeHHTb 3Ty nojiiiTHKy. CnocoGy h.3MCHciihm nojiHTHKH npHBH3KH CLR no yMO.i'iaiinio 
nocBJimeHbi cjicayiomne ana pa3aejia. 

nPMMEHAHME 

CLR noAAepxnBaeT B03M0XH0CTb nepeMemeHnn Tnna (K/iacca, cipyKTypbi, nepe- 
HHC/wMoro Tnna, nHTepcfienca nnn AeneraTa) H3 oahoh cGopKn b APyryio. Hanpniviep, 
b .NET3.5 Knacc System.TimeZonelnfo onpeAeneH b cGopKe System.Core.dll. Ho b .NET 
4.0 KOMnaHna Microsoft neper/iecm/ia 3tot Knacc b cGopKy MsCorLib.dll. B CTaHAapTHon 
cnTyapnn nepeMeLAeHnemna n3 oahoh cGopKn b APyryio HapymaeT paGoiy npnnoxeHnn. 
OAHara CLR npeAnaraeT BOcnonb30BaTbcn aipnGyTOM System.Runtime.CompilerServices. 
TypeForwardedToAttribute, KOTopbin npnivieHneTcn b opnrnHanbHon cGopKe (Hanpn- 
Mep, System.Core.dll). KoHCTpyKTopy aipnGyia nepeAaeTcn napaMeip Tnna System. 
Type. Oh o6o3HanaeT HOBbin run (KOTopbin Tenepb onpeAeneHHbin b MSCorLib.dll), ko- 
Topbin Tenepb AonxHO ncnonb30BaTb npnnoxeHne. C Toro MOMeHTa, KaK KOHCTpyKTop 
TypeForwardedToAttribute npnHHMaeT stot mn, coAepxaman ero cSopKa GyaeT 3aBnceTb 
ot cGopkh, b KOTopon oh onpeAeneH. 

Ecnn Bbi BOcnonb3yeTecb sthm npenMyuiecTBOM, HyxHO TaKxe npnMeHnTb aipnGyT 
System.Runtime.CompilerServices.TypeForwardedToAttribute b hoboh cGopKe n yKa3aTb 
KoHCTpyKTopy aipnGyia no/iHoe nM« cGopKn, KOTopan cnyxnT Ann onpeAeneHnn Tnna. 
Otot aTpnGyT oGbiHHO ncnonb3yeTcn Ann HHCTpyMeHTanbHbix cpeACTB, yTnnm n cepna- 
nH3au,HH. KaK TonbKO KOHCTpyKTop TypeForwardedToAttribute nonynaei CTpoKy c 3TnM 
nMeHeM, cGopKa, coAepxauian stot aTpnGyT, CTaHOBnTcn He3aBncnMon ot cGopkh, 
onpeAenniOLuen Tnn. 
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Aono/iHMTe/ibHbie aAMi/n-mcTpaTiiBHbie 
cpeACTBa (KOH(t>MrypauMOHHbie c^aitribi) 

B pa3Aejie «ITpocToe cpencTBO aAMHHHCTpHpoBaHHfl (KOHtfmrypaiiiiOHHbiH cj}aiiji)>> raa- 
bli 2 mh KpaTKO no3HaKOMiiJiiicb co cnoco6aMii H3MeHeHiiH aAMiiHHCTpaTopoM anropiiTMa 
noncKa h npiiBH3Kii k c6opKaM, Hcnonb3yeMoro CLR. B tom ace paa/ieae a noKa3aji, KaK 
nepeMemaTb (jjaHJibi c6opicii, Ha KOTopyio ccbijiaiOTCfl, b no/ucaxajior 6a30Boro KaTajiora 
npiuioaceHHH h KaK CLR ncnojib3yeT K()i[())iirvpan,iioimi.iii XM L-cjiaHJi npii.TO>Kcmia 
Ana noHCKa nepeMemeHHbix 4>aiiJiOB. 

IIocKOJibKy b rjiaBe 2 o6cyacAajica Jiiirnb aipnoyi' privatePath ojie.vtema probing, 
3Aecb mm paccMOTpuM ocTajibHbie aaeMCHTbi KOH(J)iirypaLi,iiOHHoro XML-cjaaiuia: 

<?xml version="1.0"?> 

<configuration> 

<runtime> 

<assemblyBinding xmlns="urn:schemasmicrosoftcom:asm.vl"> 

<pnobing privatePath="AuxFiles;bin\subdir" /> 

<dependentAssembly> 

<assemblyIdentity name="SomeClass Library" 

publicKeyToken="32ab4ba45e0a69al" culture="neutral"/> 

<bindingRedirect 

oldVersion="l.0.0.0" newVersion="2.0.0.0" /> 

<codeBase version="2.0.0.0" 

hnef="http://www.Wintellect.com/SomeClasslibrary.dll" /> 

</dependentAssembly> 

<dependentAssembly> 

<assemblyIdentity name="Typelib" 

publicKeyToken="lf2e74e897abbcfe" culture="neutral"/> 

<bindingRedinect 

oldVersion="3.0.0.03.5.0.0" newVersion="4.0.0.0" /> 

<publishenPolicy apply="no" /> 

</dependentAssembly> 

</assemblyBinding> 

</runtime> 

</configuration> 

XML-cjiaiui npenocTaBjiaeT CLR o6mnpHyio iiii(})op.\iaii,iiio. 

□ 3jieMeHT probing. OnpenejifleT noncK b no/iKaTajiorax AuxFiles h bin\subdir, pacnoao- 
aceHHbix b 6a30B0M KaTajiore npiuioaceHHH, npii nonbiTKe Haft™ cbopKy c HecTponiM 
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HMeHeM. CbopKii co CTpooiM HMeHeM hiuvtcm b GAC n. iii no URL-a/ipecy, yKa3aH- 
HOMy ajie.viem o.vi CodeBase. CLR nmeT cbopKH co CTpooiM hmchcm b 3aKpbiTbix 
KaTanorax npiuioaceHiiH TOJibKO b tom cjiynae, ccjih ajie.viem CodeBase He yKa3aH. 

□ IlepBbiH Ha6op ajieMeHTOB dependentAssembly, assemblyldentity n binding- 
Redirect. Ilpn nonbiTKe iianTH cbopKH SomeClassLibrary c HOMepoM Bcpcnn 
1.0.0.0 n HenTpajibHbiMH pemoHajibHbiMH c i cui/uip ia.Mn, n.3/i,am[bie opraHii3an,HeH, 
BjiaAeiomen OTKpbiTbiM kvifomom c MapKepoM 32ab4ba45e0a69al, CHCTC.via bmccto 
3toto 6y/i,eT HCKaTb aiia.ionrmvio cbopKy, ho c homcpom BepcHH 2.0.0.0. 

□ 3jieMeHT codebase. Ilpn nonbiTKe HaiiTH cbopKy SomeClassLibrary c HOMepoM 
BepcHH 2.0.0.0 h HeiiTpajibHbiMii peniOHajibHbiMii CTaH/iapTaMii, H3/i,aHHyio oprami3a- 
Ltneii, Bjia/ieiomeH OTKpbiTbiM kjiiohom c MapKepoM 32ab4ba45e0a69al, cucTCMa bya,eT 
nbiTaTbCH BbinojiHiiTb npiiBH3Ky no aa,pecy, 3a/i,aHHOMy b URL: http://wwwWintellect. 
com/SomeClassLibrary.dll. Xoth h h hc roBopmi 06 3tom b rjiaBe 2, bjicmcht CodeBase 
mo5kho iipn.vienHTi) h k cbopKaM c HecTponiMii HMeHaMH. Ilpn stom HOMep Bepcnn 
c6opKii iirHopiipyeTCH h ero oieayeT onycTHTb npn onpeAejieHini sjieMeHTa CodeBase. 
URL-a/tpec, aa/uu111 i>i ii ajie.viem o.vi CodeBase, aojiaceH ccbuiaTbCH Ha noAKaTajior 
6a30Boro KaTanora npiuioaceHira. 

□ BTopoft Hadop ajieMeHTOB dependentAssembly, assemblyldentity n binding- 
Redirect. Ilpn nonbiTKe iiaiini cbopKy TypeLib c HOMepaMii Bepcnii ot 3.0.0.0 no 
3.5.0.0 BKJiiOHHTejibHO h HeiiTpajibHbiMii peniOHajibHbiMii CTaiiyapTa.YiH, uayaimvio 
opraHii3au,HeH, luiayeiomeii OTKpbiTbiM kjiiohom c MapKepoM If2e74e897abbcfe, 
CHCTeMa 6v/tCT HCKaTb Bepcino 4.0.0.0 Toii ace cbopKH. 

□ 3jieMeHT publisherPolicy. Ecjih opraHii3aH,iiH, iipoii.iBO/nncjih cbopKH TypeLib, 
pa3BepHyjia 4)aiiji hojihthkh H3/i,aTejiji (omicaHiie stoto (jiafuia cm. b cjie/iyiomeM 
paaycjie), cpcya CLR AoaacHa iiraopiipoBaTb stot (jiaibi. 

Ilpn KOMniijumiiii Mcro/ta CLR onpe/pviacT THnbi h >i./ici iia, Ha KOTopbie oh ccbi- 
jiaeTCH. Hcnojib3ya 3th .lamibie, nciio. iiiaiomaM cpe/ia onpeAejuieT (nyTeM npocMOTpa 
Ta6jiiiu,bi AssemblyRef isbiabibaiomeii cbopKii), Ha KaKyio cbopKy ncxo/pio ccbuiajiacb 
Bbi3biBaiomaH cbopKa bo ii|)c.\ia KOMnoHOBKii. 3aTeM CLR iimeT CBe/ieHim o cbopKe 
b KOHtjHirypaLuiOHHOM 4>aHjie npHjioaceHim h cjie/iyeT jiiobbiM H3MeHeHiiHM HOMepa 
Bepcnii, aa/pu m i>i m b stom cjiafuie. 

Ecjih 3HaHeHiie aTpnbyTa apply ajieMeHTa publisherPolicy paBHO yes hjih ot- 
cyTCTByeT, CLR npoBepaeT iia. iuaue b GAC hoboh cbopKii/Bepcim h iipu.YieiiacT bcc 
nepeHanpaBjieHiiH, KOTopbie chcji HeobxoAiiMbiM yKa3aTb H3,a,aTejib cbopKH (o nojuiTiiKe 
H3AaTejiH paccKa3biBaeTCH b cjieayiomeM paa/icjie); /price CLR iimeT hmchho 3Ty cbop- 
Ky/Bepciiio. Hai/oiieii CLR npocMaTpHBaeT cbopKy/Bepcmo b cjiaiijie Machine.config 
h npiiMeHneT Bee yKa3aHHbie b hcm nepeHanpaBjieHHH k ApyriiM isepcmi.M. 

Ha 3tom 3Tane cpe/pi CLR 3HaeT HOMep Bepcnii cbopKii, KOTopyio OHa ao/iama 3a- 
rpy3iiTb, h iibi rae rcH 3arpy3iiTb cooTBCTCTByiomyio cbopKy ii3 GAC. Ecjih cbopKH b GAC 
HeT, a ajie.Yiein CodeBase He onpe/iejieH, CLR iibnaeiCM iiairm cbopKy, KaK onucaHO 
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b raaBe 2. Ecah laiiicjiiirypaipioimi.iii cjiaiiA, 3»a;i,aiomiiii iiocacaucc H3MeHeHiie HOMepa 
BepcHH, coaepacHT ajic.vicm CodeBase, CLR iii.nacTCH 3arpy3iiTb c6opKy c URL-aApeca, 
aa/iymiioio hm 3jie.vieiiTO.vi. 

3tii KOHtjHirypauiiOHHBie (jiaii.ibi o6ecneAHBa iot a/iMiiiinc'i’paTopy HacToumHH 
KOHTpojib 11 a/ 1 , pememieM, npHHHMaeMbiM CLR oTiiocincAi.iio 3arpy3Kii toh hah hhoh 
c6opKii. Ecjih b npinioaccHnn o6HapyaciiBaeTCH onm6Ka, aAMHHHCTpaTop MoaceT cbh- 
3aTbca c H3AaTejieM c6opKii, coAepacameii omn6Ky, nocjie Aero H3AaTejib npumaeT HOByio 
c6opKy. IIo yMo.iaaimio cpe/pi CLR He MoaceT 3arpy3iiTb HOByio c6opKy, noTOMy ato yace 
cymecTByiomaH c6opKa He coAepaaiT ccmakii Ha HOByio Bepciiio. OflHaKO aAMHHHCTpaTop 
MoaceT 3acTaBiiTb CLR 3arpy3iiTb HOByio c6opicy, MOAiiiJiimiipoBaB KOHcjmrypauHOHHbiii 
XML-cjiafiji iipn.ioacemia. 

Ecjih aAMHHHCTpaTop xoact, ato6h Bee c 6 opKH, ycTaHOBjieHHbie Ha KOMnbiOTepe, 
Hcnojib30BajHi HOByio BepcHio, to BMecTO Koi[(|)iirypaii,iiom[om (jiaiLaa iipiiaoaccmia 
oh MoaceT MOAHcjHmiipoBaTb cjiafiji Machine.config ajih AaHHoro KOMnwoTepa, h CLR 
6 yAeT 3arpyacaTb HOByio Bepciiio c6opKii npn KaacAOii ccbijnce 113 npHAoaceHHH Ha CTa- 
pyio Bepciiio. 

Ecjih b hoboh Bepciin CTapaa omn 6 Ka He ncnpaBjiCHa, AAMiiHiiCTpaTop MoaceT yAa- 
jiHTb H3 KOH(jnirypaH,noHHoro cjianjia CTpoKH, onpcACJia io iunc Hcnojib30BaHHe stoh 
c 6 opKH, h npHAoateHHe CTaHeT pa 6 oTaTb, KaK paHbine. BaacHO, ato cucTeMa iioaiuviac'i' 
Hcnojib30BaTb c 6 opKy c BepciieH, otjihahoh ot yKa3aHH0ii b MeTaAaHHbix. TaKaa ao- 
nojiHiiTejibHan rii 6 icocTb OAeHb yAo 6 Ha. 

YnpaB/ieHne Bepcmnvm npu noMomu no/inTUKu M3AaTe/in 

B CHTyan,iiH, oniicaiiHoit b npeAbiAymeM pa3Aejie, H3AaTejib c6opKii npocTO npHCbijiaji 
HOByio Bepciiio c6opiai aAMiiHiiCTpaTopy, kotopmh ycTaHaBjuiBaji c6opicy h BpyAHyio 
peAaKTiipoBaji KOHcJ)Hrypau,HOHHbie XML-cjiaiuibi MamiiHbi hah npiuioaceHiiH. Boo6me 
roBopa, nocae HcnpaBAeHiia ohih6kh b c6opice H3AaTeAio noHaAo6HTca npocTOH Mexa- 
HH3M ynaKOBKii h pacnpocTpaHeHim hoboh c6opKii no bccm iio.Tb3.oiiaie.aa.vi. KpoMe 
Toro, HyacHO KaK-TO 3acTaBHTb cpeAy CLR KaacAoro noAb30BaTeAH 3aAeiiCTB0BaTb 
HOByio Bepciiio c6opKH BMecTO CTapoii. EcTecTBeHHO, KaacAbiH noAb30BaTeAb MoaceT 
caM H3MeHiiTb kt) 11 (jini vpainioi 111 i.i c XML-cjiaiiAbi Ha cbohx MamiiHax, ho 3tot cnoco6 
KpaiiHe HeyAo6eH h HeHaAeaceH. H3AaTeAio HyaceH MexaHii3M, KOTopbiii ho3boaha 6bi 
eMy onpeACAHTb cboio <<noAHTHKy» h ycTaHOBHTb ee Ha noAb30BaTeAbCKiiii KOMnbiOTep 
C HOBOH c6opKOH. B 3T0M pa3ACAe nOKa3aHO, KaK H3AaTeAb c6opKII MoaceT C03AaTb no- 
Ao6HyiO nOAHTHKy. 

/I,onycTHM, Bbi — H3AaTeAb, TOAbKO ato C03aabihhh HOByio BepcHio CBoeii c 6 opKii, 
B KOTOpOH HCnpaBAeHO HeCKOAbKO OIHI 160 K. Yl laii'Oli I.I liAM HOByio c 6 opKy AJIH paCCblAKH 
noAb30BaTeAHM, HaAO C03AaTb KOHtjnirypauHOHHbiii XML-tjaaiiA. Oh OACHb noxoac Ha Te, 
ato mm o 6 cyacAaAii paHbine. Bot npirnep KOHcjnirypaunoHHoro cfaaiijia SomeClassLibrary. 
config ajih c6opKH SomeClassLibrary.dll: 

<configuration> 

<runtime> 

npodojincenue & 
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<assemblyBinding xmlns="urn:schemasmicrosoftcom:asm.vl"> 

<dependentAssembly> 

<assemblyldentity name="SomeClassLibrary" 

publicKeyToken="32ab4ba45e0a69al" culture="neutral"/> 

<bindingRedirect 

oldVersion="l.0.0.0" newVersion="2.0.0.0" /> 

<codeBase version="2.0.0.0" 

href="http://www.Wintellect.com/SomeClassLibrary.dll"/> 

</dependentAssembly> 

</assemblyBinding> 

</runtime> 

</configuration> 

Konc'ino, na/uricjii) mojkct onpenejinTb iio.;iiitii icy mnbKO /yia cboiix c6opoK. KpoMe 
Toro, noKa3aHHbie 3/pec i> ;). : ic.vicinp>i — c/lh i pcp isci p i i p>ic, KOTopbie MoacHO .aa/raTb b kohc|)h- 
rypaiLiiOHHOM cjiaHJie hojihthkh H3flaTejiH. Hanpimep, b KOHtjiiirypaiLiiOHHOM cjiaHJie 
nojiHTHKH Hejib3H 3anaBaTb ajieMeHTbi probing h publisherPolicy. 

3tot KOHtJiiirypaiiiiOHHbiH cjiaiiji 3a<:"iaii./i!>iCT CLR iipn Kaac/LOii ccbuiKe Ha Bepcnio 
1.0.0.0 c6opKii SomeClass Library 3arpyacaTb bmccto Hee Bepcnio 2.0.0.0. Tenepb bh, KaK 
H3naTejib, MoaceTe co3naTb c6opKy, conepacamyio KOHtjjurypaiiHOHHbiH cjiaHJi hojihthkh 
H3naTejiH. /[./ip -1 coa/puiiia c6opKH c hojihthkoh ii3/u:itc.;i!.i h p>i:i i>i isacic j-p yTHjiHTa AL.exe 
co cjienyiomHMH napaMeTpaMii: 

AL.exe /out:Policy.1.0.SomeClassLibrary.dll 
/version:1.0.0.0 
/keyfile:MyCompany.snk 
/linkresource:SomeClassLibrary.config 

11 ip >kc iipiiiicya'iii.i KpaTKHe oil iicai in a napaMeTpoB KOMaii.iiioii CTpoKii AL.exe. 

□ IlapaMeTp /out npiiKa3biBaeT AL.exe C03/iaTb hobmh PE-ijiaHji c hmchcm 
Policy. 1 .0.SomeClassLibrary.dll, b kotopom hct mnero, KpoMe MaHiicjiecTa. Hmh stoh 
c6opKii HMeeT oneiii, 6ojn>moe aiiajieiiite. I Iepisaa nacTb ipmciiit, Policy, coooinacT 
CLR, hto c6opKa conepacHT iii[())()|).\iaii,ii io hojihthkh iia/paTCJia. B’lopaa h ipc i bM 
'pacTii HMeHii, 1.0, coooinaio'i CLR, 'no 3Ta nojiHTHKa u.3/i,aTe./ia iipc/uia.'iiia'peiia.via 
jno6oii BepcHH c6opKii SomeClassLibrary, y KOTopoii CTapmuii h MjiaauiHH HOMepa 
BepCHH paBHbl 1.0. IIOJIHTHKH U3/l,aTC. : l!>l I [] )ll MCI I M lOTCTI TOJIbKO K CTapiHCMy H MJia/P,- 
rneMy ilOMepa.vt Bepcini c6opKii; i[C.tp>3m co.3/i,a , n> nojiimiKy H3/LaTejiH ;ltli o i/lc. pp>ppp>ix 
nocTpoeHiiii hjih pc/paiap,iiii c6opKii. MensepTaii nacTb hmciph, SomeClassLibrary, 
yKa3biBaeT hmh c6opKii, KOTopoii cooTBeTCTByeT nojiHTHKa ua/urTCJia. I Ln aa h no- 
cjie/LHHH nacTb hmciph, dll, — sto npocTO pacmiipeHiie, naHHoe pe3yjibTHpyiomeMy 
(jiafuiy c6opKii. 

□ IlapaMeTp /version HueHTHcjniitiipyeT Bepcnio c6opKii c hojihthkoh iia/iaTCJiri, 
KOTopaa He HMeeT niiaei o o6mero c licpcueu caMOH coopiai. KaK iph/uitc, isepcmi.vin 
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c6opoK, coaepacamiix nojiHTHKy H3AaTejia, Toace MoacHO ynpaBjmTb. Ceirtac iia/iaxc- 
jiio HyacHO co3AaTb nojiHTHKy, i[cpci[aii|)aB. ; iMiciinyio CLR ot BepciiH 1.0.0.0 cOoprai 
SomeClass Library k Bepcmi 2.0.0.0, a b 6y/iyiue.\f MoaceT noTpeOoBaTbca nojiHTHKa, 
i[cp<‘iiaii|)aii. ; iMi(iinaM ot Bepcnn 1.0.0.0 cOopKii SomeClassLibrary k Bepcini 2.5.0.0. 
CLR iiciio./iprsycT HOMep Bepcnn, 3AAaHHbiH othm napaMeTpoM, ato6h Bbi6paTb caMyio 
noc. ie/imoio Bepcmo c6opKH c nojniTHKoii n.3/iaTC.TM. 

□ IlapaMeTp /keyf ile aacTais.TMCT AL.exe no/pmca'i b c6opKy c no./imuKoii H3,a,aTejm 
npn noMomu napbi K. iioacii, ii|:)iiiia/u : ic>Kamcii iia/iaTe.no. 3Ta napa kvmohcm TaKace 
ao./i'/KTia comia/anT) c napoii, ncnojib30BaHHOH /lym iio/pmcaima Bcex BepcHii c6op- 
kh SomeClassLibrary. B KOHiie kohuob, hmchho sto coBnaneHiie no3BOjmeT CLR 
ycTaHOBHTb, ato c6opKa SomeClassLibrary h cjiaHJi c nojiiiTHKoli H3,a,aTejiH /yia stoh 
c6opKII CO.'i/Ulllbl OAHHM 1'1.3/l.a'ICJICM. 

□ IlapaMeTp /linkresource 3acTaBjmeT AL.exe cmiTaTb KOH(J)iirypai],iiOHHbiH 
XM l.-()iaiiji OT/ie. ibiibiM cjiaHJiOM c6opiai. IJp h stom b pe3yjibraTe komiiohobkii 
nojiyaaciCM c6opKa H3 /psyx (jiaiuioi!. 06a cae/iycT ynaKOBbiBaTb h pa3BepTbiBaTb 
Ha noab30BaTejibCKHx KOMnbiOTepax c hoboh BepcHeil cOoprai SomeClassLibrary. 
MeacAy nponiiM, k~(> ir(]>ni y]>aiinoinir>iii XML-cj)afui i ic./ii>3m BCTpaimaTb b c6opKy, bbi- 
3biBaa AL.exe c napaMeTpoM /embedresource, h co3,a,aBaTb TaKiiM o6pa30M c6opKy 
H3 o/pioro cfiaiuia — CLR 'ipeoycT, mto6i>i cise/iemm o Koi[(j)iirypan,nn b cj)opMaTe 
XML pa3MemajiHCb b OT/ax/naiOM (jiaii./ic. 

C6opKy, CKOMnoHOBaHHyio c nojiHTHKoit n.3;iaTe;ia, MoacHO ynaKOBaTb c (jiaiuio.vi 
hoboh Bepcnn c6opKii SomeClassLibrary.dll h nepe/uiTb iio.ibaoiiaiejiMM. C6opKa c no- 
jihthkoh ii3/ane.;ia AOJiacHa ycTaHaBJiiiBaTbca b GAC. CaMy c6opKy SomeClas sLibrary 
MOaCHO ycTaHOBHTb B GAC, HO 3TO He 06a.3aTC. lblK). Ee MOaCHO pa3BepHyTb B 6a30B0M 
KaTajiore npiuioaceHim hjih b /tpyro.vi Kaia.Torc, aa/iamiOM b U RL-a/ipccc H3 o.Te.vieina 
CodeBase. 

BHMMAHME 

M3AaTeab AO/ixceH co3AaBaTb cbopxy co CBoen no/inTni<on anLUb Ana pa3BepTbiBai-ma 
ncnpaB/ieHHoPi Bepcnn cbopxn nan naxeTOB ncnpaB/ieHnn A-na Hee. YcTaHOBKa HOBoro 
npnaoxeHna He AO/iacHa TpeboBaTb c6opi<n c noanTnKon n3AaTeaa. 


H r ioc.tc/u ice o nojiHTHKe H3AaTejiH. /lonycTHM, na/anc. ib pacnpocTpaHiui c6opicy 
C nOJIIITHKOH II3AaTeJIH, HO B HOBOIT c6opKe 110'IC.Viy-JI Il6o OKa3ajIOCb 6o.-|bl[IC HOBbIX OHIII- 
6 ok, kcm ncnpaBJieHOCTapwx. B stom cjiynaea/yvinmiCTpaTopy i[eo6xo;i,ii.\io, hto6h CLR 
IITHOpupOBajia c6opKy C nOJIHTHKOH H.3/l,a'l'C.T!>I. j{j\'A 3TOTO OH MoaceT OipC/UlinTipObaTb 
KOH4)Hrypaii,HOHHbiH 4>aiui npiuioaceHim, A,o6aBiiB b Hero ajieMeHT publisherPolicy: 

<publisherPolicy apply="no"/> 

3tot a.TCMcm MoacHO pa3MecTHTb b KOH(|)Hrypau,HOHHOM cjiaiuic npiuioaceHim KaK 
AonepHiiii no OTHomeHiiio k .ajic.vtemy <assemblyBinding> — b stom cjiynae oh npn- 
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.vKMiMC'iCM ko BceM ero c6opKaM. Ecjih ojic.vicm paa.viCiuacTCM KaK /lOHcpmiH no otho- 
meHino k <dependantAssembly>, oh iiiin.viciiacica k ox/[,e./ri>iioii c6opKe. 06pa6aTbiBaa 
Kviiajiinypaiiiioimi.m cjaafui npn. : io>KCima, CLR «bh/iptt», hto He cac/tycr HCKaTb b GAC 
c6opKy c nojiHTHKOH iiaaaxe.xa, h iipoao.maex pa6oTaTb c 6ojiee era poft Bepcneft c6op- 
kh. OaiiaKO a a. vi cay, xro CLR bcc paBHO npoBepaeT h i i ]) ix vtci s mci .xiofiyio nojiHTHKy, 
3a/i,aHHyK) b cjaaftjie Machine.config. 

BHMMAHME 

Mcno/ib30BaHne c6opkh c no/inn/iKon n3AaTenn cJjaKxnnecKn nB/inexcn 3anB/ieHneM n3- 
Aaie/ia o cobmgcxhmoctu pa3Hbix Bepcnft c6opi<n. Ecnn HOBan Bepcnn HecoBMecmMa 
c 6o/iee paHHeft Bepcneft, i/i3AaTejib He AO/ixeH co3AaBaib c6opi<y c noni/iTHKOi/i i/i3AaTe- 
nn. BoodiAe, cneAyeT ncno/ib30Baib c6opkh c noxii/m/iKoft n3AaTenn, ecnn KOMnoHyeicn 
HOBan Bepcnn c ncnpaBJieHnsiMn olui/i6ok. HoByio Bepcnio c6opkh HyxHO npoxecxnpo- 
BaTb Ha obpaTHyio coBMecTMMOCTb. B to xe BpeMa, ecnn k c6opi<e AoOaBximoTcn HOBbie 
c(>yHKu,nn, cneAyeT noAyMaib o tom, HTodbi OTKa3aTbcn ot cbh3i/i c npe>KHHMn cbopKaMn 
i/i ot npnMeHeHnn c6opkh c no/ii/m/iKoft M3AaTean. KpoMe Toro, b 3tom c/iyaae OTnaAei 
Heo6xoAHMOCTb TecTnpoBaHnn Ha oOpaTHyio coBMecTi/iMOCTb. 
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B 3 toh rjiaBe npe/tCTaBjiemi ocHOBHbie npiimiimbi ncnojib 30 BaHiiH TimoB n ooineitibiico- 
boh HCim./iiiMiomcii cpenbi (Common Language Runtime, CLR). B nacraocra, Mbi pac- 
CMOTpi-iM MiiHimajibHyK) <J)yHKniiOHajibHOCTb, npncymyio BceM Ti-maM, h Taniie Bonpocw, 
KaK KOHTpOJIb THnOB, npOCTpaHCTBa HMeH, c 6 opKII H pa 3 JIHUHbie CnOCo 6 bI I[])I 1 lie/LCI[IIa 
TimoB o 6 beKTOB. B KOHn,e rnaBbi a oonMCinno, KaK bo BpeMH isbiiio. iiiemia i!aau\Kj/i,cii- 
CTByioT npyr c /tpyroM i m r r i>i , o 6 beKTbi, ctckh noTOKOB h ynpaBJiaeMaa Kyna. 


Bee Tunbi — npon 3 BOAHbie ot System.Object 

B CLR Kaacflbift o6beKT npmvio hjih kocbchho HBJiaeTca npon3BOAHbiM ot System. 
Object. 3to 3HanHT, tio CJicnyioiniic oiipcytejieiuui TimoB n/icimi'mi.i: 

// Tun, HeflBHO npOM3BOAHblM OT Object 
class Employee { 

} 

// Tun, bbho npon 3 BOAHbifi ot Object 
class Employee : System.Object { 

} 

Bnaronapa TOMy, tio Bee rami, b kohouhom cictc, mb.tmiotcm iipoiiaiio/ijibi.viii ot 
System.Object, jno6oii oouckt jho6oto Tima rapaHTiipoBaHHO umcct MHHHMajibHbiii 
Ha6op MCTO/yjii. OTKpbiTbie ; ; )K3eMi[.TM|)iibie mcto/iki Kiiacca System.Object nepenne- 
JKTIlil b Ta6n. 4.1. 


Ta6/iMi^a 4.1. OTKpbiTbie MetOAbi System.Object 


OTKpbITbIM MeTOfl 

Onncamie 

Equals 

Bo3BpamaeT true, ecjin a.ua odueKTa HMeiOT ounHaKOBbie 3HaueHiia. 
rto/ipodHee 06 stom MeTone paccKa3biBaeTca b pa3nejie «PaBeHCTBO 
h ToxcaecTBo o6i>eKTOB» rjiaBBi 5 

GetHashCode 

Bo3BpamaeT xem-Kon jjjih 3HaueHiiH AaHHoro odueKTa. Otot mctoa 
cjienyeT nepeonpenejiiiTB, ecjin odueKTH Tima iicnojib3yioTCH b Kaue- 
CTBe KJiioua xem-Tadjimj. Boo6me roBopa, Kjiacc Object BbidpaH /yia 
pa3MemeHiia 3Toro MeTOna HeynauHO, noTOMy uto 6 ojibiiiiihctbo TimoB 
He HcnojiB3yeTca b KauecTBe Kjnoueft xeui-Tadjnm; stot mcto/i yMecT- 
Hee 6buio 6 h onpenejiHTb b iiHTepcjieiice. Eto/ipodHee 06 stom MeTone 
paccKa3biBaeTca b pa3,a,ejie «Xem-Ko/ii>i o6teKTOB>> rjiaBbi 5 
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OTKpblTblM MeTOfl 

OnncaHne 

ToString 

IIo yMOjraaHHio B03BpanjaeT nojiHoe iimh Ti-ma (this.GetType(). 
FullName). Ha npaKTHKe stot MeTOA nepeonpeaejiaiOT, HTobti oh 
B 03Bpaman obteKT String, conepacamiiii cocTOHHiie obteKTa b Bime 
CTpoKH. HanpiiMep, nepeonpeAeAeHHtie MeTOABi aah Taraix (jiyHAa- 
MeHTaABHBix Ti-moB, KaK Boolean h Int32, B03Bpamai0T 3HaneHHH 
obneKTOB b CTpoKOBOM Biifle. KpoMe Toro, k nepeonpeflejieHHio Mera- 
Aa nacTO npuberaiOT npn OTAaAKe: bbi30b Taxoro MeTOAa B03BpamaeT 
CTpoKy, coAepacamyio 3HaneHHa noAeii obteKTa. npeAnoAaraeTcn, 
hto ToString ymiTtiBaeT imcjiopMaitiHO Culturelnfo, CBH3aHHyio c bbi- 
3BiBaioinHM noTOKOM. noApobHee o MeTOAe ToString paccKa3biBaeTCH 
b rAaBe 14 

GetType 

Bo3BpamaeT 3K3eMnAnp obteKTa, npon3BOAHoro ot Type, KOToptiii 
HAeHTiicjtiiijHpyeT Tun obteKTa, Bti3BaBiiiero GetType. Bo3BpamaeMtiii 
obteKT Type MoxeT ncnoAt30BaTtcH c KAaccaMH, peaAii3yiomiiMit ot- 
paxceroie aah noAyneHiiH iiHcjiopMaitim o Tune b BHAe MeTaAaHHtix. 
OTpaxemie paccMaTpimaeTca b rAaBe 23. MeTOA GetType HeBiipTy- 
aAbHtiii, ero HeAt3H nepeonpeAeAHTb, nosTOMy KAaccy He yAacTcsr 
HCKa3HTb cBeAeHHH o CBoeM Time; takiim obpa30M obecnemiBaeTCH 
be3onacHOCTt TimoB 


KpoMe Toro, TiinaM, npoH3BOAHbiM ot System.Object, AOCTyimbi HeKOTopbie 3a- 
mumeHHbie MeTOAbi (Ta6ji. 4.2). 


Ta6/iiiL(a 4.2. 3aLnmu,eHHbie Metoflbi System.Object 


3auj,MLLi 1 eHHbm 

MeTOfl 

OnucaHMe 

Memberwise- 

Clone 

3tot HeBHpTyaAbHbiii MeTOA C03AaeT hobbih 3K3eMnAnp Tima ii npn- 
CBaiiBaeT noAiiM hoboto obteKTa cooTBeTCTByiomne 3HaneHiiH obteKTa 
this. Bo3BpamaeTcn cctuiKa Ha co3AaHHtiii sraeMnAsip 

Finalize 

3tot BiipTyaAbHbiii MeTOA Bti3tiBaeTCH, KorAa ybopmiiK Mycopa onpe- 
AeAHeT, HTO obteKT HBAHeTCH MyCOpOM, HO AO B03BpameHIIH 3aHHTOH 
obteKTOM naMHTii b Kyny. B Timax, Tpebyiomux ohiictkh npn cbopKe 
Mycopa, CAeAyeT nepeonpeAeAHTb stot mctoa. noApobHee o HeM cm. 
TAaBy 21 


CLR Tpe6yeT, 'noobi bcc ooteicrbi co;:i/UHia. : mcb onepaTopoM new. Hanpimep, obteKT 
Employee co3/taeTCH cjie/tyiomHM o6pa30M: 

Employee e = new Employee("ConstructorParaml"); 

OnepaTop new BbinojiHHeT ciie/tyiomiie achctbiih: 
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1. BPjI'IIICJICIIIIC KO./lll'ICC'llia 6aHTOB, Heo6xOAHMbIX /I,.; I 'A XpaHeHIIH Bcex 3K3C.YI I [. I ap- 
hmx nojieii rana h Bcex ero 6a30Bbix ranoB, isK.iio'iaa System.Object (b kotopom 
OT cyTCTByioT co6cTBeHHbie 3K3eMii. iM|)iii.ie nojia). KpoMe Toro, b KascAOM o6beKTe 
Kyiii /[.O.I >K11 hi npucyTCTBOBaTb flonojiHiiTejibHbie 'uiem.i, Ha3biBaeMbie yK,a3amejieM 
na o6beKm-mun (type object pointer) h undeKCOM 6jiona cuHxpoHU3au,uu (sync block 
index); oral HeobxoAHMbi CLR .yui ynpaBJieHim ooneiCTOM. BaiiTbi arax noiio. iiin- 
TejibHbix nneHOB AobaBJimoTca k baiiTaM, Heo6xo/i,HMbiM /via pa3MemeHira caMoro 
oo'beicra. 

2. Bbi/nvieime na.viHTii ,ym oobeicra c pe3epBiipoBaHiieM iicooxo/himoio j\jia .raimom 
Tnna KOJiiraecraa baiiTOB b ynpaBJiaeMOii kvic. Bbineaeimbic daii'i bi MiiHi(HajTH3H- 
PyiOTCH HyjIHMH (0). 

3. HHiin,iiajiH3an,iiJi yKaaaTejia Ha obneKT-THn h iniacKca bjioica cHHxpoHH3an.nn. 

4. Bbi30B KOHCTpyKTopa .')K3CMii. : m|)a rana c napaMeTpaMH, yica3aHHbiMH npn Bbi30Be 
new (b npeAbiAymeM npriMepe 3to CTpoKa ConstructorParaml). EojibimiHCTBO 
KOMnHJIHTOpOB aiiTOMaTH'ieCICII IIIC. IIO'iaCT B KOHCTpyKTOp KOA BbI30Ba KOHCTpyKTOpa 
6a30Boro KJiacca. KaacAbiii KOHCTpyKTOp BbinojunieT HHHpHajiH3aipno onpeAejieHHbix 
b cooTBeTCTByionieM Traie rio./icii. B nacraocra, m.iobiiiacTCM KOHCTpyKTOp System. 
Object, ho oh mi'iem He AeaaeT h npocTO B03BpamaeT yiipaisjiemic. 

BbinojiHiiB Bee 3th onepan.HH, new B03BpamaeT ccbijiKy (hjih yKa3aTejib) Ha BHOBb 
coa/uii 111 bi ii oo'bdCT. B npe/i,bi/i,yiucM npriMepe KOAa 3Ta ccbuiKa coxpaiiacTca b nepe- 
MeHHoii e rana Employee. 

KcTara, y onepaTopa new HeT napw — onepaTopa delete, to ecTb HeT HBHoro cnocoba 
ocBoboacAeHHH na.viHTii, aaiiaToii oObeicroM. ybopKoii Mycopa aarin.viacTca cpe;i,a CLR 
(cm. rnaBy 21), KOTopaa aBTOMaraaecKH naxo;i,nT oobeicibi, CTamime HeHyacHbiMii hjih 
HeAOCTynHbiMii, h ocBoboacAaeT 3aHHMaeMyio hmh naMara. 


npuBeAenne tmihob 

O^Ha H3 BaacHeiiinux oco6eHHOCTeii CLR — 6e3onacmcmb munoe (type safety). Bo BpeMa 
BbinojiHeHHH nporpaMMbi cpeae CLR Bceraa H3BecTeH ran o6beKTa. IIporpaMMHCT Bceraa 
mo/KCt to' 11 io onpeAejiiiTb Tnn oo'bCK'ra npn noMomu mctoah GetType. IIocKOJibKy sto 
HeBIipTyajIbHblH MCTOA, HIIKaKOH THn He CMO/ICCT COo6lHHTb O Ce6e JIOaCHbie CliC/teilllM. 
HanpiiMep, ran Employee He MoaceT nepeonpeAemiTb mctoa GetType, HTodbi tot BepHyji 
ran SuperHero. 

IIpH pa3pa6oTKe nporpaMM aacTO npn6erai0T k npiiBCACHHio o6beicra k apyriiM ranaM. 
CLR pa3pemaeT npimecTH THn oobeicra k ero coocTiseimo.viy THny hjih .tiooomv h 3 ero 
6a30Bbix TimoB. B KaacAOM a.ibiKe nporpaMMiipoBaHiia ii|)in«yi,eiiiie ranoB peajni30Ba- 
ho no-CBoeMy. I [aiipn.viep, b C# iict cneniiajibHoro ciiHTaKcuca /utii 1 1 1)niie/icii itxi rana 
ofrbcicra k ero 6a30B0My THny, nocKOJibKy TaKoe npHBCACiinc c'linacTca 6e3onacnbiM 
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HeHBHbiM npeo6pa30BaHiieM. O/inaico ;\j\a npHBeneHHH THna k r i|)o n;.i iui/li lo.viy ot Hero 
THny paapaoo'i'i u k' Ha C# /io/i/kch bisccth onepan,mo HBHoro iipiiiscyiemia thhob — He- 
HBHoe npeo6pa30BaHiie npiiBeneT k oum6Ke. C/ienyiomiiH npimep neMOHCTpiipyeT 
iipiiiie/iemie k 6a30B0My h r i])oh 3 h o /l 1 1o m y THnaM: 

// 3tot Tun HeflBHO HacneAyeT ot Tuna System.Object 
internal class Employee { 

} 

public sealed class Program { 
public static void Main() { 

// npuBefleHne Tuna He Tpe6yeTcn, t. k. new B03BpamaeT o6beKT Employee., 

// a Object - 3 to 6a30Bbm Tun Ana Employee. 

Object o = new EmployeeQ; 

// npMBefleHkie Tuna o6a3aTenbHO, t. k. Employee - npon3BOAHbifi ot Object 
// B flpyrux H3biKax (Taxinx xax Visual Basic) KOMnimaTop He noTpe6yeT 
// HBHoro npHBefleHHH 
Employee e = (Employee) o; 

} 

} 

3tot npimep noKa3biBaeT, tio iicooxo/ihmo icoMim/i/nopy /pin komhhjihiihh Kona. 
Tenepb nocMOTpiiM, hto npoii3ofifleT bo bpcmh Bbino/iHeHira nporpaMMbi. CLR npoBepiiT 
onepan,iiii 11 |)ii isc/eci i hm , 'non 1,1 ripi-nic/icnnc thiiob ocyuiecTBjiHJiocb jhi6o k (jiaicm- 
'icckomv Tuny o6beKTa, jih6o k 0,1 homy h 3 ero 6a30Bbix thiiob. Hanpimep, c.Tcayio- 
ihhh Ko/1 ycneuiHO KOMnii/iiipyeTCH, ho b nepiio/i miiiio. iiieiiiia isbi/iacr hckjiiohctihc 
I nvalidCastException: 

internal class Employee { 

} 

internal class Manager : Employee { 

} 

public sealed class Program { 
public static void Main() { 

// Co3AaeM o6beKT Manager h nepeflaeM ero b PromoteEmployee 
// Manager BB/lBETCfl nponi3BOAHbiM ot Employee, 

// nosTOMy PromoteEmployee pa6oTaeT 
Manager m = new ManagerQ; 

PromoteEmployee(m); 

// Co3AaeM o6beKT DateTime m nepeAaeM ero b PromoteEmployee 
// DateTime HE BB/lflETCfl npon3BOAHbiM ot Employee, 

// nosTOMy PromoteEmployee Bbi6pacbiBaeT 
// HCKAioneHHe System.InvalidCastException 
DateTime newYears = new DateTime(2013, 1, 1); 

PromoteEmployee(newYears); 

} 


npodojiwemie & 
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public static void PromoteEmployee(Object o) { 

// B 3 tom MecTe KOMnn/iflTop He 3 HaeT tohho, Ha iokom Tun o 6 beKTa 

// ccbmaeTcn o, noaTOMy CKOMnMnnpyeT 3 tot koa 

// OflHaKO b nepwofl Bbino/iHeHHH CLR 3HaeT, Ha iokom Tun 

// ccbmaeTCH o 6 beKT o (npnBeAeHMe Tuna BbinonHaeTCfl KaxAbiM pa 3 ), 

// m npoBepneTj cooTBeTCTByeT ah Tun o 6 beKTa Tuny Employee 

// ham ApyrOMy TMny, np 0 M 3 B 0 AH 0 My ot Employee 

Employee e = (Employee) o; 

} 

} 


MeTOA Main co3AaeT o6beKT Manager h nepe^aeT ero b PromoteEmployee. 3 tot 
koa KOMmumpyeTCH h BbinojiHaeTCH, TaK KaK THn Manager HBAneTCH npoH3BOAHbiM ot 
O bject, Ha KOTopbiii paccmiTaH PromoteEmployee. BHyTpn PromoteEmployee CLR npo- 
nepacT, Ha tio ccbuiaeTCH o — Ha ootckt Employee hjih Ha o6'i>ckt rana, npoii3BOAHoro 
ot Employee. IIocKOJibKy Manager — npoH3BOAHbiH ot Employee THn, CLRBbinojiHaeT 
npeo6pa30BaHiie, h PromoteEmployee npoAOAacaeT pa6oTy. 

Ilocjie toto KaK PromoteEmployee B03BpamaeT ynpaBjieHiie, Main co3AaeT o6beKT 
DateTime, KOTopbiii nepe^aeT b PromoteEmployee. 06beKT DateTime raace hbahctch npo- 
h3boahhm ot Object, noaTOMy koa, Bbi3biBaiOHiHH PromoteEmployee, KOMniumpyeTCH 
6c.3 ri])o6./re.vi. Ho npn BbinojiHeHim PromoteEmployee CLR isbiMCiiMCT, 'no o ccbinaeTcn 
Ha o6beKT DateTime, He >tba>tioihhhc>t hii thtom Employee, hii ApyniM TiinoM, npoii3- 
boahmm ot Employee. B stot momciit CLR He b coctohhiih BbinojiHiiTb npiiBeAeHiie 
ranoB h reHepiipyeT hckaiohciihc System. InvalidCastException. 

Eca ii pa3peniHTb noAo6Hoe npeo6pa30BaHHe, pa6oTa c THnaMH cthhct He6e3onac- 
Hofi. nocAeACTBHH MoryT 6biTb HenpeACKa3yeMbi: ho.3mo>ktioc aBapniiHoe 3aBepmeHiie 
npiIAOaCeHIIH, B03HIIKH0BeHIie yH3»BH.V10CTCit B CHCTeMe 3amHTbI, o6yC.TOH.Temil>IX B03- 
MoacHOCTbKi TimoB BbiAaBaTb ce6a 3a Apyme Timbi. fDa. : ibcii())iiic;uiiia TiinoB no/nscpracT 
cepbe3HOMy pncKy ycToiimiBOCTb pa6oTbi npiuioaceHiin, nosTOMy CTOJib npucTajibHoe 
BHiiMaHiie b CLR yAC./iMCTCM 6e3onacHOCTH thiioh. 

B AaHHOM npiiMepe 6buio 6bi npaBiuibHee Bbi6paTb aah MeTOAa PromoteEmployee 
b KanecTBe Tima napaMCTpa He Object, a Employee, hto6m omn6Ka npoHBiuiacb Ha craAHH 
KOMniTAAHHH, a pa3pa6oTmiKy He npiiiimocb 6bi acAaTb HCKjnoHeHim, hto6w y3HaTb o cyme- 
CTBOBAHIIH npo6AeMbI. A o6bCKT Ob j ect H IICn0Ab30BajI TOAbKO AAH TOTO, HTo6bI nOKa3aTb, 
KaK o6pa6aTbiBaiOT onepaiinii npiiBeAemm thhob komiihahtop C# h cpeAa CLR. 


npiiBeAeHiie Ti/inoB b C# c noMOLUbio onepaTopoB is m as 

B C# cymecTByiOT /ipyrae MexaHii3Mbi ri ])hijc/loi i it n TimoB. Hanpmviep, onepaTop is 
lipOliOpHCT COBMeCTHMOCTb OO'bCKTa C AaHHbIM THnOM, a B Ka'ICCTBC pCayAbTHTa BbmaeT 
.inane Fine THna Boolean (true iiah false). OnepaTop is HiiKorAa He reHepiipyeT hc- 
KAiOHeHiie. Bai.miiine Ha cure/iylorunii koa: 

Object o = new ObjectQ; 

Boolean bl = (o is Object); // bl paBHO true 
Boolean b2 = (o is Employee); // b2 paBHO false 
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/(jin null-ccbuioK onepaTop is Bceiyia B03BpamaeT false, TaK KaK o6beKTa, Tun 
KOToporo iiv'/K'iio npoBepuTb, He cymecTByeT. 

06mhho onepaTop is iiciio. ; ii>;iycTC>i c. : ie/i,yioiniiM o6pa30M: 

if (o is Employee) { 

Employee e = (Employee) o; 

// Hcno/ib3yeM e BHyTpn MHCTpyKLtMM if 

} 

B 3tom KO/te CLR no cyra npoBepaeT THn o6beKTa /usa/ic/tbi: cnanajia b onepaTope 
is onpenejiaeTCH coBMecTHMOCTb o c TunoM Employee, a 3aTeM b Tejie onepaTopa if 
aHajiH3HpyeTCH, Mb.meTca jih o ccbijtkoh Ha Employee. KoHTpojib thhob b CLR yKpe- 
II. IMCT 6e30naCH0CTb, HO npH 3TOM npiIXOAHTCH /KCpTliOliai b npOH3BOAHTejIbHOCTbIO, 
TaK KaK cpe/ta CLR nojiacHa BbiacHHTb (jiaicrHHixaain THn o6beKTa, Ha KOTopbiii ccm- 
jiaeTca nepe.viemiaii (o), a 3aTeM npoBepHTb bcio Hepapxino nacjicaobamiH Ha 1 ipc/fviCT 
HajHiHim cpenH 6a30Bbix THnoB aaxaimoro Tuna (Employee). IIocKOJibKy TaKaa cxeMa 
HCTpctacTCM b nporpaMMiipoBaHiTii 'lacTO, b C# npe/yioaceH Mexami3M, nobbiiiiaioimiii 
3(j)4)eKTHBHOCTb Kona c noMOipbio onepaTopa as: 

Employee e = o as Employee; 
if (e != null) { 

// Hcno/ib3yeM e BHyTpn MHCTpyKLinn if 

} 

B 3tom k'o/lc CLR npoBepaeT coBMecTHMOCTb o c TimoM Employee. Ecjiii o h Employee 
coBMecTHMbi, as lioaispamacT HCHyjieBoii yicaaaTCJib Ha stot 06'bdcr, aecuii HeT — onepa¬ 
Top as B03BpamaeT null. 3aMCTbTe: onepaTop as 3acTaBJiaeT CLR BepiiiJiiiuiipoBaTb Tim 
o6beKTa TOJibKO ofliiH pa3, a if jiimib cpaBHHBaeT e c null — TaKaa npoBepKa HaMHoro 
acjxjieKTHBHee, neM onpenejieHiie THna o6beKTa. 

Ilo cyTH, onepaTop as oiviii'iaeica ot onepaTopa npiiBeneHim Tima TOJibKO tcm, 
hto 1111 Koiypi He reHepiipyeT hckjito’ictthc. Ecjiii npiiBeneHiie Tima HeB03M0acH0, pe- 
3yjibTaTOM HBjmeTCH null. Ecjiii He cpaBHHTb 11 ojry'icm 11 >[ii onepaTopoM pe3yjibTaT 
c null h iioiibiTaTbCH pa6oTaTb c nycTofi ccbijiKOH, B03HiiKHeT ncKViio'iemie System. 
Null Reference Exception. Hanpimep: 

System.Object o = new ObjectQ; // Co3flaHne o6beKTa Object 
Employee e = o as Employee; // npuBefleHue o k Tinny Employee 
// npeo6pa30BaHkie HeBbino/iHHMO : MCK/noHeHine He B03HMK/10, ho e paBHO null 
e.ToString(); // 06pameHne k e BbBbiBaeT MCKinoHeHine NullReferenceException 

/(aisaihe npoBepiiM, KaK bbi ycBOium MaTepnaji. /(oiivcthm, cymecTByiOT oniicamm 
cjie/iyiomux KJiaccoB: 

internal class B { // Ea30Bbiii K^acc 

} 

internal class D : B { // npon3BOAHbiM K/iacc 
} 

B nepBOM CTOJi6u;e Ta6ji. 4.3 npiiBC/icn koh Ha C#. nonpo6yHTe onpenejniTb pe3yjibTaT 
o6pa6oTKII 3THX CTpOK KOMmiJIHTOpOM H CLR. ECJIII KOH KOMnilJIIipyeTCH H BbinOJIHHeTCH 
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6e3 oihii6ok, c/i,ejiaHTenoMeTKy b rpacj)e OK, ecjm iipoH3oit/i,eT onffl6Ka komiih.thhhii — 
b rpacj)e CTE (compile-time error), a ecjin omn6Ka BpeMerm Hbino. inemi a — b rpacj)e 
RTE (run-time error). 


Ta6/iML(a 4.3. TecT Ha 3HaHne kohtpoah tmitob 


OnepaTop 

OK 

CTE 

RTE 

Object ol = new Object(); 

JX a 



Object o2 = new B(); 

fla 



Object o3 = new D(); 

a a 



Object o4 = o3; 

a a 



B bl = new B(); 

a a 



B b2 = new D(); 

fla 



D dl = new D(); 

a a 



B b3 = new Object(); 


a a 


D d2 = new Object(); 


a a 


B b4 = dl; 

a a 



D d3 = b2; 


a a 


Dd4 = (D)dl; 

fla 



D d5 = (D) b2; 

a a 



D d6 = (D) bl; 



a a 

Bb5 = (B)ol; 



a a 

B b6 = (D) b2; 

a a 




nPMMEHAHME 

B C# pa3penjeHO onpeAenaTb MeTOAbi onepaiopoB npeo6pa30BaHna npi/i noMomu THnoB, 
06 3tom penb Mflei b pa3Aene «MeTOAbi onepaiopoB npeo6pa30BaHns» nnaBbi 8. 3th Me- 
TOAbi Bbi3biBaiOTca TO/ibKO b cjiynanx, KorAa HMeeT MecTO npnBeA6Hne tmtiob, ia HHKorAa 
He Bbi3biBaiOTca npH Mcnojib30BaHi/in onepaTopoB is m as b C#. 


npOCTpaHCTBa l/lMeH M c 6 opKM 

IlpocTpaHCTBa hmcii iicno.;[i)3yiOTCM ;(J\'A ./lom'iccKoii rpynnripoBKii poACTBeHHbix TirnoB, 
hto6h pa3pa6amHKy 6buio npome Haftra HyacHbiii ran. HanpiiMep, b npocTpancTBe hmch 
System.Text omicaHbi ranbi ,yui o6pa6oTKH ctpok, a b npocTpaHcrae hmcii System. 
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10 — THnbi yjin Bbiiio. iiK'iiiiH oricpanii ii BBoya-BbiBoya. B cyeyyiome.vi icoye co3/i,aiOTCH 
o6beKTbi System.10.FileStream h System.Text.StringBuilder: 

public sealed class Program { 
public static void MainQ { 

System.10.FileStream fs = new System.10.FileStream(...); 

System.Text.StringBuilder sb = new System.Text. StringBuilderQ; 

} 

} 


3tomy Kony He xBaTaeT jiaKOHiiHHOCTH — o6pam,eHHH k TimaM FileStream 
h StringBuilder BbirjiHyHt cjiihhkom ipovioayKO. K ctactbio, mho rue KOMnHJiHTopbi 
npenocTaBjiHiOT nporpaMMHCTaM Mexami3Mbi, iiosiio.mloiunc coKpaTHTb o6beM Ha- 
oiipae.vioro TeKCTa. Hanpimep, b KOMnHjiHTope C# npeyycMoxpeHa yitpeimiiia using. 
CjieyyiomHH icoy, aHanooineH npeybmymeMy: 

using System.10; // noflCTaB/iHTb npecjiHKC "System.10" 

using System.Text; // noflCTaB/iSTb npecfiuKC "System.Text" 

public sealed class Program { 
public static void MainQ { 

FileStream fs = new FileStream(...); 

StringBuilder sb = new StringBuilder(); 

} 

} 


/Jjih KOMnHjiHTopa npocTpaHCTBO HMeH — npocToe cpencTBO, no3BOJiHiomee y/ym- 
HHTb hmh Tuna h cyejiaxb ero yHHKaubHbiM 3a cicx yooaii./iemia k iiaaajiy hmchh rpynn 
chmbojiob, pa3flejieHHbix TOHKaMH. Hanpimep, b yamio m npimepe KOMniuiHTop HHTep- 
npeTupyeT FileStream KaK System. 10. FileStream, a StringBuilder — Kaic System. 
Text.StringBuilder. 

IIpiiMeHHTb yupeKTHBy using b C# He o6H3aTejibHO, npn Heo6xoy,HMOCTH yocTaTOHHO 
BBecTH nojiHoe hmh xmia. /IyipcKTHBa using aacxais.'iMCx KOMrouniTop C# y,o6aBjiHTb 
k HMeH ii yKa3aHHbiii npecjiHKC, noKa He oyycx naiiyeno comiayemic. 

BHMMAHME 

CLR Hnnero He 3HaeTo npocipaHCTBax MMeH. npu oOpameHMM k KaxoMy-a m6o Tuny epefle 
CLR Ha ao npeAOCTaBMTb no/iHoe mmh Tuna (a 3to MOxeT ObiTb AOMCTBMTenbHO A-nuHHaa 
CTpoxa cT0HK3MM) m cOopxy, coAepxamyioonucaHneTuna, HTo6bi bo BpeMB Bbino/iHeHun 
3arpy3Mtb aty cOopxy, Hantu b Hen HyxcHbiu tun m onepnpoBatb mm. 


B iipcybiyyiue.vi npimepe KOMrauiaTop yojiaceH rapaHxnpoBaxb, hto KaacybiH yno- 
MMiiyxbiii b icoye THn cymecTByeT h KoppeKTHO o6pa6aTbiBaeTCH: Bbi3biBaeMbie MOToybi 
cymecTByiOT, hhcjio ii Timbi nepeyaBaeMbix apryvieiixoii yKa3aHbi npaBHjibHO, 3 1ra'iciinxi, 
B03BpamaeMbie .vtcxoya.vni, o6pa6aTbiBaiOTCH iiay;ie>Kaiuii.vi o6pa30M h t. y. He naii/yi 
ran c 3ayaHHbiM imcne.vi b ncxo.yiibix cjiaiijiax h iiepemicyemibix c6opKax, KOMiin.iy- 
Top nonbixaexcn yooaimxb k m. vie iiii THna npecjuncc System. 10 h npoBepHT, comiayacx 
jih iiojiyiemioc hmh c cymecTByiomHM thhom. Ecjih hmh Tima onHTb He o6napy>KnxcH, 
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noiicK noBTopaeTCH c npecjniKCOM System.Text. Baaroaapa aisy.vi anpcKTunaM using, 
noKa3aHHbiM paHee, a CMor orparaiaHTbca HMeHaMH FileStream h StringBuilder — 
KOMmuiaTop aBTOMaTHaecKn pacmupaeT ccbijiKH ao System. 10. FileStream h System. 
Collections.StringBuilder. KoHeaHO, TaKoft Koa, HaMHoro npome BBoaHTca, aeM 

HCXOAHblH, aa H MUTaCTCM ll|)OIUC. 

KoMrauiaTopy Haao coodmiiTb npn noMomu napaMeTpa /reference (cm. raaBbi 2 
h 3), b KaKHx c6opKax HCKaTb onncaHHe THna. B iioucKax iiv/Kiioi o THna KOMnnaaTop 
npocMOTpHT Bee H3BecTHbie eMy c6opKii. Eca ii noaxoaamaa c6opKa ooiiapy'/KiiiiaeTca, 
CBeaemia o Heft h THne noMemaiOTca b .vieTaaamibie pesy.ibTupyioinero ynpaBaaeMoro 
Moayaa. /faa Toro aTodbi HH4)opMai],Ha H3 cdopiai 6biaa aocTymia KOMnnaaTopy, Haao 
yKa3aTb eMy c6opKy, b KOTopofi orrucaiibi yiio.vniiiaeMbie tihim. IIo y.vtoa'iami io KOMnii- 
jiaTop C# aBTOMaTHaecKii npocMaTpi-iBaeT c6opKy MSCorLib.dll, aaace ecan OHa aBHO He 
yica3aHa. B Hefi coaepacaTca on ucai in a Bcex (JiyHaaMeHTaabHbix FCL-thhob, TaKHx KaK 
Object, Int32, String h /ip. 

JlerKO floraaaTbca, hto TaKoii cnoco6 o6pa6oTKii npocTpaHCTBa hmch apeBaT npodae- 
MaMH, ecan ana (h 6oaee) Tima c oamiaKOBbiMii HMeHaMH HaxoaaTca b pa3Hbix c6opKax. 
Microsoft HacTOHTeabHO pcKOMCnayc'i' npn oriHcaiiHH ranoB npimeHaTb yHHKaabHbie 
HMeHa. Ho nopofi 9to HeB03M0acH0. B CLR noompaeTca noBTopHoe iicnoab30BaHiie 
KOMnoHCHTOB. /fonycTHM, b npHaojKCHHH hmciotch KOMnoHCHTbi, co3aaHHbie b Microsoft 
h Wintellect, b kotophx ecTb Timbi c o.tiiiim Ha3BaHiieM, Hanpimep Widget. Bepciia 
Widget ot Microsoft aeaaeT oaho, a Bepciia ot Wintellect - coBepmeHHO apyroe. B otom 
cayaae npon,ecc (jiopMiiponamia mmch TimoB CTaHOBHTca HeynpaBaaeMbiM, h 'nofim 
pa3anaaTb 3th THnbi, npnacTca yKa3biBaTb b Koae hx noaHbie HMeHa. npn odpameHiin 
k Widget ot Microsoft Haao ncnoab30BaTb 3anncb Microsoft .Widget, a npn ccbiaKe 
Ha Widget ot Wintellect — 3aniicb Wintellect. Widget. B caeayiomeM Koae ccbiaKa Ha 
Widget Heoa,H03HaaHa, h KOMnnaaTop C# BbiaacT coodmemie error CS0104: ' Widget' 
is an ambiguous reference (omn6Ka CS0104: 'Widget' — HeoaH03HaaHaa ccbiaKa): 

using Microsoft; // Onpefle/iaeM npe<j)MKC "Microsoft." 
using Wintellect; // Onpefle/iaeM npe<|)m<c "Wintellect." 

public sealed class Program { 
public static void Main() { 

Widget w = new WidgetQ; // HeoflH03HasHafl ccbmica 

} 

} 

/fan Toro hto6h H36aBiiTbca ot HeoaH03HaaHOCTii, Haao hbho yKa3aTb KOMmiaaTopy, 
KaKoii 3K3eMnaap Widget TpedyeTca C03aaTb: 

using Microsoft; // Onpefle/ineM npucTaBKy "Microsoft." 
using Wintellect; // Onpefle/iaeM npucTaBKy "Wintellect." 

public sealed class Program { 
public static void Main() { 

Wintellect.Widget w = new Wintellect.WidgetQ; // HeoflH03HasHOCTM HeT 

} 

} 
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B C# ecTb eme OAHa cjiopMa AnpeKTiiBbi using, no3BOJimomaH C03AaTb hccbaohhm 
A ah OT/i,ejibHoro THna wm npocTpaHCTBa umcii. OHa yAOOiia, ecjiH bm HaMepeHbi hc- 
n0JIb30BaTb HeCKOJIbKO THIIOB 113 IipOCTpaHCTBa IIMeH, HO He XO'ICTCH «3aXAaMAHTb» 
r. rooa. ri>iif»e npocTpaHCTBO hmcii bccmii Hcnojib3yeMbiMii TimaMii. AjibrepHaTHBHbiii 
cnoco6 npeoAOJieHHH neoAiioaiia'inocTH c./ic;tyioimift: 

using Microsoft; // OnpeAenaeM npucTaBKy "Microsoft." 
using Wintellect; // OnpeAenaeM npucTaBKy "Wintellect." 

// Mmb WintellectWidget onpeAenaeTca KaK nceBAOHMM aaa Wintellect.Widget 
using WintellectWidget = Wintellect.Widget; 

public sealed class Program { 
public static void Main() { 

WintellectWidget w = new WintellectWidgetQ; // 0 wm6km HeT 

} 

} 

3th MeTOAbi ycTpanemiM iioo/uiosi la'n iocih xopoum, ho iti[o ryia hx iiCAOCiaTO'ino. 
I IpcACTaiibTC, 'no KOMnaHHH Australian Boomerang Company (ABC) h Alaskan Boat 
Corporation (ABC) C03A,ajm KaatAan cboh ran c rnvreHeM BuyProduct h co6npaiOTCH 
noMecTHTb ero b cootisctci bvioiuuc c6opicii. He uckviio'icho, hto o6e KOMnaHHH co3Aa- 
AVt npocTpaHCTBa hmch ABC, b KOTopbie h isK. iionai mn BuyProduct. /[mi pa3pa6oTKH 
npiuioaceHiiH, onepupyiomero o6ohmh mnaMH, hco6xoahm MexaHH3M, no3BOJiJHomiift 
pa3./ui'iaTb nporpaMMHbiMH cpeACTBaMH He to. ii.ko npocTpaHCTBa u.vieii, ho h c6opKii. 
K cnacTbio, b KOMm-uiHTope C# no/mepaciiBaiOTCJi eueiuHiie nceedommu (extern aliases), 
II03BO.IHIOIUT1C CnpaBHTbCH C 11 p)o6./l C M 0 H . BHeiHHIie nCeBAOHIIMbl /UllOT TaiOICC B03M05K- 
HOCTb o6pamaTbca k OAHOMy Tuny Anyx (hjih 6ojiee) Bepcroi o/uroii c6opKii. noApo6Hee 
o BHemHiix nceBAOHHMax cm. cneu,i«|)HKari,iiio H3biKa C#. 

npn npoeKTiipoBaHiiri TimoB, npiiMeHaeMbix b 6n6jiiiOTeKax, KOTopbie MoryT hc- 
IIO. : ll)30li;iTbCM TpeTbllMII JIHIiaMH, CTapaftTCCb OmiCblBaTb .'T i ll TIHIbl B npOCTpaHCTBC HMCII 
TaK, HTo6bI KOMnilJIHTOpbl MOrjII-I 6e3 TpyAa npeOAOJieTb He0AH03HaHH0CTb THnOB. Bepo- 
HTHOCTb KOI[(}). ll1ICTa 3aMCTH0 CHII3HTCH, CCJI11 B npOCTpaHCTBC HMCH BepXHerO ypOBHH 

yKaobiiiacTCM nojiHoe, a He coKpameHHoe Ha3BaHiie KOMnaHHH. B AOKy.MemanHn .NET 
Framework SDK Microsoft iicnojib3yeT jyisi cboiix TimoB npocTpaHCTBO iimch Microsoft 
(HanpriMep: Microsoft.CSharp, Microsoft.VisualBasic h Microsoft.Win32). 
C’o3/i,aiiaM npocTpaHCTBO hmch, iik. iio'ihtc b koa ero ofrimii. lemie (Ha C#): 

namespace CompanyName { 

public sealed class A { // TypeDef: CompanyName.A 

} 

namespace X { 

public sealed class B { ... } // TypeDef: CompanyName.X.B 
} 

} 

B KOMMeHTapmi cnpaBa ot o6bHBJiemiH KJiacca yKa3aH0 peajibHoe iimh Tima, KOTopoe 
KOMnriAHTop noMecTHT b Ta6.;iniyy MCTaAaHHbix onpcACiiemia THnoB — c tohkii ape hum 
CLR 3to <<HacTOHmee» hmh Tima. 
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Oahh KOMmuiHTopbi BOBce He noAAepxciiBaiOT npocTpaHCTBa HMeH, apyrne rroiniMaiOT 
11 o/i,3 thm TepMHHOM iiono niioc. B C# AHpeicraBa namespace 3acTaii,/i/iCT komiiii. imtop 
Ao6aBAHTb k KaacAOMy hmciih rana onpe/i,ejieHHyio npucTaBicy — sto H36aB/iHeT npo- 
rpaMMHCTa ot Heo6xoflHMOcra micara Maccy . iiiiimcro KOfla. 

CBA3b Me>Kfly c6opKaMn i/i npocTpaHCTBOM mvieH 

IIpocTpaHCTBO HMeH h c6opKa ((jiaii/i, b kotopom pca/maoisaii ran) He oDMaaTe/ibiio 
CBH3aHbi apyr c ApyroM. B nacTHOCTii, pa3JiiiHHbie ranbi, npiiHa/mescaiiuie oaho- 
My npocTpaHCTBy HMeH, MoryT 6biTb peaAH30BaHbi b pa3Hbix c6opicax. Hanpimep, 
Tim System. 10. FileStream peaAimoBaH b c6opKe MSCorLib.dll, a Tim System. 
10.FileSystemWatcher — b c6opKe System.dll. Ha caMOM p,ejie, c6opKa System.l0.dll 
b .NET Framework Aa>i<c He iioc raii. iac'iCH. 

OAHa c6opica MoaceT coAepacara Timw H3 pa3Hbix npooTpaHCTB iimch. Hanpimep, Timw 
System.Int32 h System.Text . StringBuilder HaxoAflTCH b c6opice MSCorLib.dll. 

Baivianyii b /i,oi(yMcm'aii,iiio .NET Framework SDK, bbi ooiiapy/icrnc, tio TaM 'ictko 
o6o3HaHeHO npocTpaHCTBO irneH, k KOTopoMy npiiHaAAeacHT ran, h c6opica, b KOTopofi 
3tot ran peaAH30BaH. H 3 puc. 4.1 biiaho, tio ran ResXFileRef mb/imcicm nacTbio npo- 
CTpaHCTBaHMeH System.Resources h peajni30BaH b c6opice System.Windows. Forms. 
dll. flyra Toro HTo6bi CKOMmiAiipoBaTb koa, ccbi.iaioiuuiicM Ha ran ResXFileRef, He- 
o6xoahmo Ao6aBiiTb AnpeKTiiBy using System. Resources h ncnoAb30BaTb napaMeTp 
KOMniiAHTopa /r:System.Windows .forms .dll. 
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Puc. 4.1. floKyMeHTau.ua SDK c npocTpaHCTBOM HMeH h HHcpopMauneu cbopKH fl/ia Tuna 
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KaK pa 3 Hbie KOMnoHeHTbi B 3 anMOfleMCTByK)T 
bo sper/m Bbino/iHeHMn 

B 3tom pauACAC paccKa3aHO, KaK bo Bpc.vta bbmo.memia B 3 anMOAeiicTByiOT THnbi, 061 >- 
eKTbi, ctck noTOKa h ynpaBJiaeMaa Kyua. KpoMe Toro, o 6 bacHeHO, b hum pa3JiHHHe MeacAy 
BbI30B0M CTaTHMCC KHX, ::)K3CMII./I M|)l[blX H BIipTyaJIbHblX MCIO/ 1,0 IS. A liaXIICM MbI c He- 
KOTopbix 6a30Bbix CBCAemiii o pa 6 oTe KOMnbiOTepa. To, o mom a codupaiocb paccKa3aTb, 
BOo 6 me roBopa, He OTHOCHTca k cii emu}) nice CLR, ho a nanny c o6iuhx hohhthh, a .'saxcM 
i[cpeo/py k o 6 cy>K/i,cmi 10 HHcj)opMau,HH, ornocameiica nacno'uxie.xbno k CLR. 

Ha puc. 4.2 iipc/tcxanaeii o/i,h 11 npopecc Microsoft Windows c 3arpyaceHHoft b Hero 
ncno.nmloiueii cpcpoii CLR. y npopecca moxkct 6 biTb mhoto noTOKOB. I loc.xc coa/uiima 
noTOKy Bb[/[,c;iMexcM ctck pa3MepoM b 1 Moaiix. BhiACviennaa naMaTb Hcnojib3yeTca 
AAa i [cpe/pix n iiapa.vicxpoii b MC'i o/pa h xpaHCHiia onpe/iejieHHbix b npcAC.xax mctoaob 
. lOKa.ibiibix nepeMeHHbix. Ha puc. 4.2 cnpaBa noKa3aHa naMaTb CTeKa o/pioro noTOKa. 
CTeKii aaiio.xiiaioxca ot od.xacxii BepxHefi naManr k od.xacxn hhachch naMani (to ecTb ot 
CT apmux k MJia/uniiM AApecaM). Ha pncymce noTOK yace BbinojmaeT KaKoii-TO koa, h b ero 
CTeKe yace ecTb KaKne-TO .xamibic (ox.vtCMenbi od.xacxbio oo.xcc TeMHoro OTTeHKa BBepxy 
CTeKa). A Tenepb npeACTaBHM, uro noTOK isbiiio.iiiHei koa, Bbi3biBaioiuHH mctoa Ml. 

CieK noTOKa 

f \ • 

void Ml() { • 

String name = "Joe"; _•_ 

M2(name); 

return; 

Vi___ ) 


Pwc. 4.2. CTeK noTOKa nepeA Bbi30B0M MeTOAa Ml 

Bee MeTOAbi, KpoMe caMbix npocTbix, coAepacaT HeKOTopbiir exodnou Kod (prologue 
code), iiHHu,HajiH3HpyioruHH mctoa a o iiaaa. ia ero paooxbi. KpoMe Toro, oth MeTOAbi co- 
AepacaT euxodnou Kod (epilogue code), BbinojmaioiuiiH ouncTKy nocae Toro, KaK mctoa 
3aBepuiHT cboio ocHOBHyio padoxy, uto6m B03BpaTHTb ynpaBaemie Bbi3biBaiomeH npo- 
rpaMMe. B naxa.xe BbinojmeHiia MeTOAa Ml ero bxoahoh koa BbmejiaeT b CTeKe noTOKa 
naMaTb Aaa .xoKa. ibiioii nepeMeHHoii name (puc. 4.3). 

/[a.xee Ml Bbi3biBaeT mctoa M2, iicpcAaisaxi b icaxecxise apryMenra .xoKa.niaiyio nepeMeH- 
Hyio name, npii stom aApec AOKajibHoiinepeMeHHoii name ;iaxa.xKHbacx<:xi b ctck (pric. 4.4). 
BHyTpn MeTOAa M2 MecTonoAoacemie CTeKa xpamiTca b nepeMeHHoii-napaMeTpe s. (Kcra- 
th, b HCKOTopbix npoueccopHbix apxHTeKTypax ajih noBbiuieHiia iiiioi-xaiio/unc.ibiioci n 
apryMeHTbi nepeAaiOTca uepe3 perncxpbi, ho 3to pa.3. : in>inc aah Harnero odcyacAemia 
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HecymecTBeHHO.) IIpn Bbi 30 Be Mexo/ta aApec B03BpaTa b Bbi 3 biBaioiiuiii mcxoa xaiotce 
3aTajiKHBaeTCH b ctck (noKa3aHO Ha puc. 4.4). 


CieK noTOKa 


void M1() { 
String name 
M2(name); 

return; 



} JlOKa^bHbie nepeivieHHbie 
MeTOfla Ml 


Pmc. 4.3. Pa3MemeHne BOKaxibHOM nepeMeHHOfi MeTOfla Ml b CTeKe noTOKa 


CieK noTOKa 


void M1() { 
String name = 
M2(name); 

return; 


void M2(String s) { 

Int32 length = s.Length; 
Int32 tally; 


return; 


name (String) 


s (String) 


[aflpec B03Bpaia] 


IflOKanbHbie nepeMeHHbie MeTOfla Ml 
) riapaMeipbi MeTOfla M2 


Pmc. 4.4. Ilpn Bbi30Be M2 MeTOA Ml 3aTa/iKMBaeT apryMeHTbi 
u aflpec B03BpaTa b cieK noTOKa 


B iia'ia.TC isi.mo./memiM Mcxo/ta M2 ero bxoahoh koa BbmeAaex b cxeice noTOKa naMHXb 
Aah jiOKajibHbixnepeMeHHbix length h tally (puc. 4.5). 3aTeM BbinojiHaeTca koa MeTOAa 
M2. B KOHu,e kohh,ob, BbinojiHemie M2 aoxoaht ao KOMaHAbi B03BpaTa, KOTopaa 3ann- 
CbiBaeT b yKa3aTeAb KOMaHA npoijeccopa aApec B03BpaTa H3 CTeKa, h cxeKOBbift KaAP M2 
B03BpamaeTCH b coctomfihc, noKa3aHHoe Ha puc. 4.3. C 3Toro MOMeHTa npoAOAAcaeTCH 
BbinojiHeHiie KOAa Ml, KOTopbiii cjieAyeT cpa3y 3a bm30bom M2, a cTeKOBbifi KaAP MeTOAa 
HaXOAHTCH B COCTOHHIIH, Heo6xOAHMOM A-TH pa 60 TbI Ml. 

B KOHenHOM cicxc, mctoa Ml boaiipamacx ynpaBJieHiie Bbi3biBaiomeH nporpaMMe, 
ycxaiiaixmiiaa yKaaaxe./ib komaha npou,eccopa Ha aApec B03BpaTa (Ha pncymcax He no- 
Ka3aH, ho b CTeKe oh HaxoAHTCH iiptTMO HaA apryMeHTOM name), h CTeKOBbifi KaAP Ml 
lioanpamacTCM b cocTOHHiie, noKa3aHHoe Ha puc. 4.2. C ototo MOMeHTa npoAOAAcaeTCH 
BbinojiHeHiie koas Bbi3BaBmero MexoAa, npiiMCM ilax it ilaex bbmo.maxbCM koa, HenocpeA- 
CTBeHHO c.TCAyioiunii 3a bm30bom Ml, a CTeKOBbifi KaAP Bbi3BaBinero MeTOAa HaxoAnxcfl 

B COCTOHHHH, Heo6xOAHMOM eTO pa60TbI. 
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> JlOKa/ibHbie nepeivieHHbie Meio/ra Ml 
1 flapaineipbi Merafla M2 


J JlOKa/ibHbie nepeMeHHbie i/ieTOfla M2 


Pmc. 4.5. Bbifle/ieHne b CTeKe noTOKa naiviaTn Ana noKanbHbix nepeMeHHbix MeTOAa M2 

A ceii'iac jiasawie nepeKmomiMCH Ha iicno. muFomyio cpe;i,y CLR. /IpnycTHM, ecTb 
c./iCAyiomite /psa oiipe/tcjiemia KJiaccoB: 

internal class Employee { 

public Int32 GetYearsEmployed () { ... } 

public virtual String GetProgressReport () { ... } 

public static Employee Lookup(String name) { ... } 

} 

internal sealed class Manager : Employee { 

public override String GenProgressReport() { ... } 

} 

I IpoHCCC Windows aaiiycTii.iCM, b Hero 3arpyaceHa cpe/ta CLR, HHim;HaAH3HpoBaHa 
ynpaBJiaeMaa Kyia, h co;:ypiii noTOK (c ero 1 M6aii'r na.viMTH b CTeKe). IIotok yace Bbinon- 
HHeT KaKOH-TO KOA, H3 KOTOpOTO BbI3bIBaeTCH Y1CTOA M3 (pilC. 4.6). MctOA M3 COpepiKHT 
koa, 11poAC.vtoi ict|) npyif)11inii, KaK paooxacT CLR; lipa/i, ah bm 6yAeTe liK. iio'fa i b TaKoii 
koa b cboh npHAoaceHHH, noTOMy 'no oh, b cyiimocTi'i, He AeAaeT iiit'iem noAe3Horo. 

B npopecce iipeoopaoobaima IL-KOAa MeTOAa M3 b MamiiHHbie KOMaHAbi JIT-kom- 
nuAHTop isbiaii. iHCT Bee THnbi, Ha KOTopbie ecTb ccbiAKii b M3, — 3to Tiinbi Employee, 
Int32, Manager h String (ii3-3a HaniimiH CTpoKii "3oe"). Ha ashhom 3Tane CLRo6e- 
cne'iniiacT 3arpy3Ky b aomch npHnoaceHiiii Bcex coopoK, b kotophx onpc/i,c. : ici[bi Bee sth 
THnbi. 3aTeM, iiciio./ibaya MeTaAaHHbie coop km, CLR nonytacT rii[(})opMaiiiiio o THnax 
ii co3AaeT CTpyKTypbi Aannbix, codcnscimo h iipc/tCTab.iMioiuMC oth THnbi. CTpyKTypbi 
AaHHbix /iyia odbeKTOB-TimoB Employee h Manager noKa3aHbi Ha piic. 4.7. nocKOAbKy 

AO BbI30Ba M3 nOTOK y>KC BbinOAHIIA KaKOH-TO KOA, AAS-I npOCTOTbl AOnyCTHM, TIO 06b- 
eKTbi-THnbi Int32 h String yace co3AaHbi (tio BnoAHe bo3moacho, TaK KaK sto nacra 
ncnoAb3yeMbie Tinibi), no.3TO.vty ohii He noKa3aHbi Ha pncymce. 

Ha Mi-iHyTy (iTii./iocMca Ha oocyayicmic odbeKTOB-TimoB. KaK roBopimocb paHee 
b 3toh rAaBe, Bee odbeKTbi b Kyne coAepacaT ABa AonoAHHTeAbHbix HAeHa: yKa3a- 
TeAb Ha o6beKT-Tiin h hfiackc 6A0Ka CHHxpoHH3an,Hii. B odbeKTax Tima Employee 
h Manager 06a 3th 'uiena npucyTCTByiOT. npn onpeAeAeHiin THna moacho isk.iio'imti, 


void Ml() { 

String name = "Joe"; 
M2(name); 


return; 


void M2(String s) { 

Int32 length = s.Length; 
Int32 tally; 


return; 


CieK noTOKa 


name (String) 


s (String) 


[aflpec B03epaia] 


length (I nt32) 


tally (I nt32) 
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b Hero CTaTHnecKiie iio./im aaHHbix. BaHTbi /yra othx oaTH'iecKiix no./ieii BbmejiaioTCfl 
b cocTaBe caMirx o6beKTOB-TnnoB. HaKOHeu,, y Ka>K/ioio o6beKTa-THna ecTb Ta6.Tnna 
MeTo/i,OB c bxoahhmh TO'iKa.viH Bcex MeTO/i,OB, o11 |)c;i,cjici in i>i x b Tune. 3Ta Tao.'iniia Me- 
to 4 ,ob yace o6cy>i</i,a. : iacb b rnaBe 1. TaK KaK b Time Employee onpeAejieHbi Tpn MeTOAa 
(GetYearsEmployed, GenProgressRepont h Lookup), b cooTBeTCTByiomeH Ta6jraije 
MeTOAOB ecTbTpn3anncH. B THne Manager oiipc,ae;ien oahh mcto/i,( iicpeoii|)C/i,ejieiiiibiii 
.vie ao/i, GenProgressReport), KOTopbifi h npe/tCTaiiJieii b Ta6jrnnc mctoaob otoio Tima. 


CieK noTOKa 



Pmc. 4.6. Cpefla CLR 3arpyxeHa b npogecc, Kyna uHuuna.nu3upoBaHa, roTOBUTcn Bbi30B 
CTeKa noTOKa, b KOTopbii/i 3arpyxeH MeTOA M3 


CTeK noTOKa 

- Kyna 

: r 


void M3() { 

Employee e; 

Int32 year; 

e = new Manager^); 

e = Employee.Lookup("Joe"); 

year = e.GetYearsEmployed(); 

e.GetProgressReport(); 


J v. 


06beKT-Tnn Manager 

YKa3aTeab Ha o6beKT-Tnn 
MHfleKC 6nOKa CMHxpOHH3a4HH 

CiaTHHecKHe nona 
GetProgressReport 


06beKT-Tnn Employee 

yKa3aTenb Ha o6beKT-Tnn 
Mhabkc 6/ioKa cnHxpoHH3aMHH 
CiaTHHGCKHe nora 
GetYearsEmployed 
GetProgressReport 
Lookup 


J 


Pmc. 4.7. flpn Bbi30Be M3 C03Aai0TCfl oGteKTbi Tuna Employee u Manager 
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Ilocjie Toro KaK cpe/ta CLR cooAacT Bee Heo6xoAHMbie ,yi>i mcto/pi o6 - beKTbi-THnbi 
h OTKOMnujiiipyeT koa mcto/pi M3, OHa npucTynaeT k BbinojmeHiiio MamiiHHoro Ko;i,a 
M3. IIpn BbinojiHeHiiii bxoahoto K'o/i,a M3 b CTeKe noTOKa BbmejiaeTCH iiaviaTb aah jio- 
KaubHbix iicpcMOiinijix (puc. 4.8). B nacTHOCTH, CLR aino.viaTii'iecKii HHHpHajiH3HpyeT 
Bee jiOKajibHbie nepeMeHHbie aiiaacmiCM null hah 0 (iiwicm) — aro ACJiacTOi b paMKax 
BbinojiHeHiM lixo/pioro Ko;i,a MeTOAa. O/maKO npu nonbiTKe oopamcmia k .loica.ibiioii 
1 1 cpc mci moii, iieamio HHHii;HaAH3HpoBaHHOH b cam cm fcoac, KOMniiAHTop C# BbmacT 
coo6memie 06 omn6Ke Use of unassigned local variable (iicnoAb 30 BaHiie Heinm- 
PHajiH 3 HpoBaHHOH noKajibHOH iicpc.Mcimoii). 


Pmc. 4.8. Bbifle/ieHne naivia™ b CTeKe noTOKa pj is /lOKajibHbix nepeivieHHbix MeTOAa M3 

/],ajiee M3 iibmo.imiCT koa co.3/i,amia o6beKTa Manager. IIpn stom b yiipan./meMoii 
Kyne C03AaeTCH oicicmii.imp Tima Manager, to ecTb o6beKT Manager (puc. 4.9). y oobncra 
Manager — TaK ace KaK h y Bcex ocTajibHbix o6beKTOB — ecTb yKa3aTejib Ha ofi'bCK'i -'i un 
h hfiackc, 6jiOKa CHHxpoHH3apHH. Y aToro o6beKTa Toace ecTb 6aiiTbi, ncooxo/uiMbie 
Aah pao.MCiuemiM Bcex OKacMii.iapiibix noaeft Aammix, oiipcACJicmibie b Time Manager, 
a TaKace Bcex 3K3eMnjuipHbix iio.icii, oiipeACJicimbix bo Bcex 6a30Bbix KJiaccax Tima 
Manager (b ;i,amiOM caynae — Employee h Object). Bchkiih pa3 npu coa/piiinn hobo- 
ro o6beKTa b icyac CLR am oMa:i u'icc kh iiHHu,iiajiH3HpyeT BHyTpeHHHii yicaca'ic.ii> Ha 
o6beKT-Tim TaK, HTo6bi oh yKa3bmaji Ha cooTBeTCTByiomim o6beKT-Tim (b a^hhom 
c.iyiac — Ha o6beKT-Tim Manager). KpoMe toto, CLR iiHiiH,iiajiii3iipyeT ifffacfcc fcioica 
ciiHxpoHH3au,HH h npucBaiiBaeT bccm oioacMii.iMpiibiM no./ him ofrbcicia aua'icimc null 
hjih 0 (Hyjib) nepeA bm30bom KOHCTpyKTopa Tima — MeTOAa, KOTopbifi, CKopee Bcero, 
H3MeHHT aiia'iemm HeKOTopbix 3K.3Cmii. ; im|)iiijIx noAeii. OnepaTop newB03BpamaeT aApec 
b naMHTii o6beKTa Manager, KOTopbiii xpamiTCH b nepeMeHHoii e (b CTeKe noTOKa). 


Kyna 


06beKT-Tnn Manager 


yKa3aTejib Ha o6teKT-Tnn 
1/lHfleKC 6noKa cnHxpoHH3aqnn 
CiaTHHecKi/ie nomi 
GetProgressReport 


06beKT-TMn Employee 


yKa3arenb Ha o6ieKT-mn 
1/lHfleKC 6ji0Ka ciiHxpoHM3aMMH 

CiaTHHecKMe noun 
GetYearsEmployed 
GetProgressReport 
Lookup 


CTex noTOKa 



• null 


void M3() { 

Employee e; 

Int32 year; 
e = new ManagerO; 
e = Employee.Lookup("Joe"); 
year = e. GetYearsEmployedO; 
e. GetProgressReportO; 


Vi. 
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CieK noTOKa 



Pmc. 4.9. Co3flaHue m uHni4na/in3au,nfl oGteKTa Manager 

Cjie/iyiomaH CTpoKa MeTO/ia M3 BM3biBaeT cththhcckwh mcto/i, Lookup o6 - beKTa 
Employee. ITpn Bbi30Be art n o ,\iexo/i,a CLR oiipe/ie.xMCT MecTOHaxoayieHiie o6beKTa-Tiina, 
cooTBeTCTByiomero xn i i v, b kotopom onpe/iejieH CTaTiwecKiiH mcto/i. 3axcM Ha ocHOBamin 
Ta6jinubi mcto/iois o6beKTa-THna cpe/ia CLR naxo/iin tom kv Bxo/ia b Bbi3biBaeMbiii mcto/i, 
o6pa6aTbiBaeT ko/i JIT-komhhjihtopom (npn iico6xo/ihmocth) h i icpc/iacT yiipaii./ieime 
nojiyHCHHOMy MamiiHHOMy Ko/iy. Ajih Harnero o6cy5K/ieHHH /loCTaTOHHO npe/ino/ioacHTb, 
hto mcto/i Lookup o6beKTa Employee Bbino/iHHCT 3anpoc k 6a3e /laHHbix, hto6m HafiTH 
cbc/ichhh o Doe. /lonycTHM TaK>i<e, mto b 6a3e /lamibix yica3aHO, mto Doe 3aHHMaeT /io/dk- 
HOCTb MeHe/pKepa, noaTOMy ko/i Mera/ia Lookup co3/iaeT b Kyae hobhh o6bCKT Manager, 
HHHu;iiajiii3HpyeT ero /lamibiMir Doe h B03BpamaeT a/ipcc roTOBoro o6beKTa. A/ipcc pa3- 
Mcmac'icxi b jioKajibHOH iicpc.vicimoii e. Pe3yjibTaT axoii onepau,HH noKa3aH Hapuc. 4.10. 

C/ie/iyiomafl CTpoKa mcto/ib M3 Bbi3biBaeT BiipTyajibHbifi 9K3eMnjiapHbiH mcto/i, 
GenProgressReport b Employee. I Ipu Bbi30Be luipxya.Tbuoio okscmii. imiiuoio MCTO/ia 
CLR npnxo/i,HTCH BbinojiHHTb HeKOTopyK) /lOiio.Tmrre.Tbny io pa6oTy. Bo-nepBbix, CLR 
oOpamaeTca k nepeMeHHOH, Hcnojib3yeMOH /pia Bbi30Ba, h 3aTCM c./ic/iycx no a/ipecy bh- 
3P)iiiaioinero ofibeicia. B aaimoM c/iyaae nepeMeHHaa e yKa3biBaeT Ha o6beKT Doe xuna 
Manager. Bo-BTopbix, CLR npoBepaeT y oobeicra BHyTpeHHiiH yKa3aTCJib Ha o6beKT-THn. 
3aTeM CLR iiaxo/inx b Ta6jiim,e mcto/iob o6beKTa-THna 3aimcb Bbi3biBaeMoro Mera/ia, 
o6pa6aTbiBaeT ko/i J IT- komii n.TMxopoM (npn hco6xo/i,hmocth) h Bbi3biBaeT no./iyMcmibiii 
MauiHHHbifi ko/i,. B HauieM c/iyaae Bbi3biBaeTca pixi/niaamia Mera/iaGenProgressReport 
b Manager, noTOMy mio e ccbuiaeTca Ha o6beKT Manager. Peay.ibrax oxoii onepaii,HH 
noKa3aH Ha puc. 4.12. 

3aMeTbTe, ec/ra mcto/i, Lookup b Employee oonapy/Kitx, mio Doe — oxo Bcero Jinuib 
Employee, a He Manager, to Lookup co3/iacT o6bCKT Employee, b kotopom yKa3aTe/ib Ha 
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o6 - beKT-THn ccbuiaeTca Ha o6beKT-Tim Employee; sto npiiBeaeT k TOMy, i no bhhojihhtch 
peajiH3au,HH GenProgressReport H3 Employee, a He H3 Manager. 


CieK noraKa 



Pmc. 4.10. CTaTi/iHecKnOi MeTOA Lookup b Employee BbiAe/ineT naMHTb 
n uHnu,naau3npyeT oGbeicr Manager am Joe 


CteK norona 



Pmc. 4.11. HeBnpTya/ibHbiCi 3K3eMnanpHbm MeTOA GetYarsEmployeed b Employee 

B03BpaiAaei 3HaHem/ie 5 


HTaK, mm oocy/ui./iu B.iaii.viooTFiomcmiw .vic>K/i,y hcxoahhmtckctom, ILii MamiiHHbiM 
JIT-koaom, noroBopiiJin o deice noTOKa, apryMeHTax h jioicajibHbix nepeMeHHbix, a raiOKe 
o tom, KaK 3 th apryMeHTbi h iiepe.YKTim.ie ccbuiaiOTca Hao6beKTbi b ynpaBJiaeMofi Kyte. 
Mbi TaKace y3HajiH, 'no o6beKTbi xpamn yKA3aTC.ii> Ha cboh o6beKT-THn (co/i,ep>Kamuri 
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CTaTHHecKiie nojia h Ta6jiHiiy mcto/pob). Mh o6cy/iHjiH, KaK CLRBbi3biBaeT CTaTH'icciaie 
MeTOAbi, HeBHpTyajibHbie h BiipTyaubHbie ;)K3C.vm. iM|)iii.ic MeTO/tbi. Bee cica3aHHoe npn- 
3BaHO /i,aTb BaM 6ojiee nojmyio KapTimy pa6oTbi CLR h homo 1 in npn coa/paiinn apxiiTeK- 
Typbi, npoeKTiipoBaHim h peajm3aunii tihiob, KOMnotteHTOB h npnjioacemiii. 3aKaHHiiBaa 
ruaBy, a xoTeji 6bi CKa3aTb eme hcckojibko cjiob o iiporicxo/ps-mic.vi BHyTpH CLR. 


CieK noTOKa 



Pmc. 4.12. npn Bbi30Be BupTya/ibHoro MeTOfla GenProgressReport 3K3eMn/inpa Employee 
6yfleT Bbi3BaHa nepeonpeAe/iem-iafl pea/in3au,nn 3Toro MeTOAa b Manager 


CieK noTOKa 



Pmc. 4.13. 06beKTbi Tuna Manager n Employee KaK 3K3eMn/inpbi Tuna System.Type 

I laiicpiiMKaBbi o6paTHTe BHiiMaHiie, tio o6beKTbi Tuna Employee h Manager co/pcp- 
acaT yKasaienn Ha o6beKTbi-THnbi. IIo cyTH o6beKTbi-Tnnbi Toace hbjihiotch o6beKTaMH. 
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Co3/i,aBaH o6 - beKT-Tim, cpcypi CLR aojiacHa ero KaK-TO HHHu;HajiH3HpoBaTb. Pe30HH0 
cnpocHTb: « Kaioic siia'iciiiia fiy/iyx npucBoeHbi npn HHHiiHajiH3au:HH?» B o6meM, npn 
CBoeM 3anycKe b npou,ecce CLR cpa3y ace coa/taer cnepHajibHbift o6beKT-THn /yra Tima 
System.Type (oh onpeAejieH b MSCorLib.dll). 06beKTbiTHna Employee h Manager hbjih- 
lOTCH «3K3eMnjIHpaMII>> .9TOIO THna, H no 3TOH npHHHTIC HX yKa3aTejIH Ha o6beKTbI-THnbI 
iiHim,iiajiii3iipyiOTCH ccbijiKOH Ha o6beKT-THn System.Type (pnc. 4.13). 

Koi ic ( 11 to, o6beKT-THn System. Type caM mb.thctch o6beKTOM h noaTOMy 'laioice co- 
;icp/KHT yKasaicjib Ha o6beKT-Tim; aiia'iHT, 3aKOHOMepHO noiimepccoiiaTbca, Ha 'no 
ccbuiaeTca 3 tot yKa3aTC./ib. A ccbuiaeTca oh Ha caMoro ce6a, TaK KaK o6beKT-Tim System. 
Type caM no ce6e mb.thctch <<3K3eMnjuipoM» o6beKTa-THna. Tenepb naiioisinoi iioiimt- 
ho, KaK ycTpoeHa h pa6oTaeT bch CHCTeMa thhob b CLR. Kcra™, mcto/i, GetType Tuna 
System.Object npocTO B03BpamaeT a/ipec, xpaiiamniicH b yKa3aTejie Ha o6beKT-THn 
aa/pmiioro o6beKTa. H naac roBopa, mcto/i GetType B03BpamaeT ylaiaa'ie./ 1b Ha o6beKT- 
Tim yKa3aHHoro o6beKTa h iimchho noaTOMy Moamo onpeAejiiiTb hcthhhhh Tim jno6oro 
o6beKTa b cucTeMe (BKJnoaaa o6beKTbi-THnbi). 



jiaea 5 . ripiiMiiTiiBHbie, ccbmoHHbie 
II 3HaHMMbie TMflbl 


B 3TOH 1713110 pen, M/ICT O pa3HOBIIAHOCTHX TIinOB, C KOTOpbIMH Bbl OV/ICTC HMeTb /1,0710 

npn nporpaMMupoBaraiH ,vim njiaTcjmpMbi Microsoft .NET Framework. Baaoro, 'no6i,i 
Bee paapaooT'in kh mctko oco3HaBajin pao11niiy b noBCACHMH thiiob. I IpHGTynaa k iiaytc- 
hhk) .NET Framework, h tojikom He noHiiMan, b mom pa3Him,a Moac/py npiiMiiTHBHbiMH, 
ccbuiOHHbiMii h ana 1 him 1,1 mu TunaMH, b pe3yjiBraTe Mori koa nojiynajiCH He caumKOM 
:)()M):)CKTiimii,iM h coAepacaa mhoto KOBapHbix omn6oK. Ha/yioci,, .vioii onbiT h moh 06b- 
HCHeHim pa3jnmini MeatAy 3 thmii TimaMii noMoryT BaM ii36aBiiTbca ot ahhihhx npo6jieM 
H nOBbICIITb 11 ] )0 H.'.i HO/l.Hl tM'11,1 [OC' l t, CBOefl pa60TbI. 


npMMMTMBHbie Tl/inbl 
b fl3biKax nporpaMMi/ipoBam/m 

EieKOTopbie Timbi yamibix iipiiMcmi iotcm TaK 'tacTO, tio ana pa6oTbi c hiimii bo mhooix 
KOM miJiHTopax npeaycMOTpeH ynpomeHHbiii ciiHTaKcuc. ElanpiiMep, uejiyio nepeMeHHyK) 
moacho cos/yii i, cjieyiyiomi-iM o6pa30M: 

System.Int32 a = new System.Int32(); 

Koiicmiio, no/io6mbiHcuHTaKcuc/ i./ih ofnaib./ioiina h mmmia.maamiii i ic./io ft nepeMem 
Hoii KaaceTCH rpoM03AKHM. K cnacTbio, MHorae komiih;[mto|)i,i (bK.aio'iaa C#) 110.3 bojihfot 
iiciio. ib.iOba i b BMecTO 3Toro 6oaee npocTbie BbipaaceHim, HanpHMep: 

int a = 0; 

I lo/[,o6iibiii koa 'niiaciCM HaMHoro .ayimo, ;i,a h komuhahtop b o6oiix coiytaMx reHe- 
piipycr HAeHTHHHbiii IL-koa/u'ih System. Int32. Timbi /piimbix, KOTopbie iio/ttcpaoma- 
iotch KOMniraHTopoM Hanpuiviyio, Ha3biBaiOTCH npuMumueHbiMU (primitive types); y hhx 
cymecTByiOT npHMbie ana./iom b 6ii6. : iiiotcko ic/iaccon .NET Framework Class Library 
(FCL). HanpHMep, Tuny int H3biKa C# eooTBeTCTByeT System. Int32, iio.3TO.My Becb c;ie- 
Ayioimift koa KOMnnaiipyeTCH 6e3 omn6oK h npeo6pa3yeTca b OAimaKOBbie IL-KOMaHAbi: 

int a = 0; // CaMbin yflo6Hbiii cuHTaKcuc 

System.Int32 a = 0; // Yflo6Hbi(i cm-uaKOic 
int a = new int(); // Heyao6Hbin cuHTaKcuc 

System.Int32 a = new System.Int32(); // CaMbiti Heyflo6Hbin cuHTaKcuc 
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B Ta6ji. 5.1 npe/i,CTaBjieHbi THnbi FCL h cooTBeTCTByiomi-ie hm ii|)iimhtiiisiii.ic Timbi 
C#. B /ipyriix H3biKax TimaM, y/ioii.iemopM foihhm o6iu,eH3biKOBOH cneipnfjHKaiiHH 
(Common Language Specification, CLS), cooTBercTByiOT aHajionmHbie npiiMHTHBHbie 
Tnnbi. OanaKO no/mepacica h3hkom THnoB, He yflOBJiCTBopaiomiix Tpe6oBaHiiHM CLS, 
He o6a.3aTC./ibi[a. 


Ta6niiLia 5.1. flpmvmTMBHbie Tunbi C# m cooTBeTCTByiomne Ti/inbi FCL 


npilMM- 

TMBHblM 

Tun 

FCL-Tnn 

CoBMe- 

CTMMOCTb 

C CLS 

OnucaHne 

sbyte 

System. Sbyte 

HeT 

8-pa3psmHoe 3HaueHiie co 3H3kom 

byte 

System. Byte 

Zla 

8-pa3pa/iHoe 3HaueHiie 6e3 3HaKa 

short 

System. Int 16 

Zla 

16-pa3pa/iHoe 3Hauemie co 3H3kom 

ushort 

System. Uint 16 

HeT 

16-pa3paa.Hoe 3Hauemie 6e3 3HaKa 

int 

System. Int32 

Zla 

32-pa3pa/iHoe 3Hanemie co 3H3kom 

uint 

System. Uint32 

HeT 

32-pa3psmHoe 3Hauemie 6e3 3HaKa 

long 

System. Int64 

Zla 

64-pa3pnaHoe 3HaueHiie co 3H3kom 

ulong 

System. Uint64 

HeT 

64-pa3pnflHoe 3HaueHiie 6e3 3HaKa 

char 

System. Char 

Zla 

16-pa3paaHbiH ciiMBOJi Unicode (char hh- 
Kor.ua He npeacTaBjmeT 8-pa3pa,a,Hoe 3Haue- 
Hue, KaK b HeynpaBjmeMOM Koa.e Ha C++) 

float 

System. Single 

Zla 

32-pa3pn/iHoe 3HaneHiie c njiaBaiomeii toh- 
koh b cTamiapTe IEEE 

double 

System. Double 

Zla 

64-pa3paa;Hoe 3HaneHiie c njiaBaionieii toh- 
koii b cTanaapTe IEEE 

bool 

System. Boolean 

Zla 

ByjieBo 3HaueHiie (true mra false) 

decimal 

System. Decimal 

Zla 

128-pa3paflHoe 3HaueHne c njiaBaromeft 
toukoii noBbimeHHoii touhocth, uacTo 
ncnojib3yeMoe /urn cjniHaHCOBbix pac- 
ueTOB, Tjxe HeaonycTHMbi omndKii OKpyr- 
jieHHH. O/ihh pa3pnfl nucjia — 3to 3HaK, 
b cjiea.yiomHx 96 pa3pn,a;ax noMemaeTcn 
caMo 3HaueHiie, cjieayjomiie 8 paapmioB — 
CTeneHb nucjia 10, Ha KOTopoe aejiiiTCH 
96-pa3pH/iHoe mic.no (MoxeT 6biTb b aaa- 
na30He ot 0 no 28). OcTanbHbie pa3pn,a,bi 

He iicnojib3yioTCH 


npodojioK.euue # 
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Ta6.ni/iua 5.1 (npoflO/ixeHMe) 


ripiiMM- 

TMBHb IM 

Tun 

FCL-THn 

CoBMe- 

CTMMOCTb 

cCLS 

Ormcam/ie 

string 

System. String 

n a 

MaCCHB CHMBOJIOB 

object 

System. Object 

n a 

Ba30BBiii Tim jijih Bcex TimoB 

dynamic 

System. Object 

a a 

Hjih CLR Tim dynamic imeHTimeH Timy 
object. 0/iHaKO KOMnmiHTop C# no3BOJiHeT 
nepeMeHHHM Tima dynamic ynacTBOBaTb 
b aimaMiinecKOM pa3pemeHiin Tima c ynpo- 
meHHHM ciiHTaKciicoM. IIo,a,po 6 Hee 06 

3tom niTaiiTe b pa3.ae.ne «npiiMHTHBHHii 

Tim jiaHHbix dynamics* b KOHije 3Toii rjiaBbi 


M ila'ic roBopji, moscho CHHTaTb, [ ito KOMmijiHTop C# aBTOMaranecKH iipc/Ulo. iairaici, 
'no bo Bcex (|:)aii./iax ucxo/uiom i«)/i,a ecTb c. : ic;i,vioiuiic /uipeimibbi using (KaK roBopn- 
jiocb b r.iaiic 4): 

using sbyte = System.SByte; 
using byte = System.Byte; 
using short = System.Intl6; 
using ushort = System.UIntl6; 
using int = System.Int32; 
using uint = System.UInt32; 

H He Mory corjiacHTbca co cjic/iyiomii.vt yTbepac/annie.Yi H3 cneii,ii(})iii;aii,iiu M3bii;a 
C#: <<C io'ikii 3pcniT>T cthjih 11 |)f>r]);i.vt,vtn])oinni it xi iiptyuio'rnrrcjibiieii Hcnojib30BaTb 
KiuoneBoe cjiobo, a He nojmoe cucTeMHoe iimh THna», nosTOMy CTapaiocb 3ayteHCTBOBaTb 
HMCHa FCL-TimoB h H36eraTb umcii npHMHTHBHbixTimoB. Ha caMOMyejie, .vine6bi xotc- 
JlOCb, HTo6bI IIMCH npHMHTHBHbix TlfflOB HC 6bIJIO COBCeM, a pa3pa6oTHiiKii ynOTpe6jIHJIII 
TOJibKO ii.viciia FCL-THnoB. H bot no kbki-im npimiiHaM. 

□ MHe iiona/pumcb paapaooT'iiiKii, He 3HaBmne, Kaicoe K. iio'ienoe cjiobo Hcnojib30- 
BaTb hm b ko/i,c: string iijih String. B C# 3 to He baa; no, TaK KaK K. iio'ienoe cjiobo 
string b tohhocth iipeoopaaycTca b FCL-THn System.String. H Taioice cjibimaji, 
HTO HCKOTOpbie paapaOOT'lllb'll rOBOpHJIH O TOM, '(TO B 32-pa3pjI/iHbIX OnepaiillOHHblX 
CHCTeMax Tiin int npeflCTaBjiajicn 32-pa3pHp,HbiM tiotom, a b (ii-paapa/i.iibix — 64- 
pa3piiflHbiM THnoM. 3to yTisep>K;i,ci[iic coBepmeHHO HeBepHo: b C# THn int bcer/pi 
npeo6pa3yeTcn b System. Int32, noaTOMy oh Bceraa npeACTaBjineTOi 32-pa3pn/i,HbiM 
TiraoM 6e30TH0CHTejibH0 3anymeHHOii onepauiiOHHoii CHCTeMbi. Hcnojib30BaHiie 
K. iio'icbom cjiOBa Int32 b cbocm ko;i,c no3BOJiHT H36eacaTb nyxaHMUbi. 

□ B C# long cooTBeTCTByeT THn System. Int64, ho b apyroM H3biKe 3 to moscct 6biTb 
Intl6 hjih Int32. KaK H3BecTHO, b C++/CLI ran long TpaicrycTca KaK Int32. Ecjih 
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KTO-TO B03bM6TCH HHTaTb KOA, HailHCaHHblH Ha HOBOM JSJlfl Cc6h H3bIKe, TO Ha3HaaeHIie 
KOAa Y10/KCT 6bITb IICISCpilO HM HCTOAKOBaHO. MhOTIIM H3bIKaM He3HaKOMO K'. [lO'fCBOC 

cjiobo long, h hx KOMmijiHTopbi He nponycTHT koa, we oho BCTpeaaeTca. 

□ y MHorux FCL-TimoB ecTb mctoam, b HMeHaKOTopbix rnc. iioneiibi HMeHa thiiois. Ha- 
npiiMep, y THna BinaryReader ecTb mctoam ReadBoolean, Readlnt32, ReadSingle 
h t. A-, a y THna System.Convent — mctoam ToBoolean, ToInt32, ToSingle h t. a. 
Bot BnojiHe npneMAeMbiii koa, b kotopom CTpoKa, coAepacamaa float, bmtahaht 
H eecTecTBeHHO; Aaace B03HHKaeT miena'inciine, tio koa omuoo'icn: 

BinaryReader br = new BinaryReader(...); 

float val = br.ReadSingle(); // Koa npaBin/ibHufi, ho Bbir abaht CTpaHHO 
Single val = br.ReadSingle(); // Koa npaBMAbHbifi n Bbir abaht HopMaAbHO 

□ MHome nporpaMMHCTbi, mi my nine iinmiomiTC.ibiio Ha C#, aacTO 3a6biBaiOT, 'no 
b CLR MoryT iipii.vieuMTbCM h Apyrne Misbimi iiporpa.Yi.Yiiipobamia. Hanpimep, cpeAa 
FCL npaKTHHecKii nojiHOCTbio HamicaHa Ha C#, a paapaooTmimi H3 KOMaHAbi FCL 
bbcah b oiioaiiotckv TaKHe MeTOAbi, KaK MeTOA GetLongLength KViacca Array, bo3- 
BpamaiomiiH 3Haaemie Int64, KOTopoe imeeT Tim long b C#, ho He b Apymx a3MKax 
nporpaMMiipoBaHim (Hanpimep, C++/CLI). /tpyroii npimep — mctoa LongCount 
KAacca System.Linq.Enumerable. 

Ilo 3THM lipiimilia.Yt H 6yAy HCn0Ab30BaTb B 3TOH KHIITe TOAbKO 11 MCI HI FCL-THnOB. 
Bo MHorux H3biKax nporpaMMiipoBaHHH c.;iCAyiomn ii koa 6. : iaroiio.;ivii[() CKOMrai- 
AIipyeTCH H BbinOAHIITCH: 

Int32 i = 5; // 32-paBpsAHoe mmcao 

Int64 1 = i; // HeaBHoe npuBeAeHne Tuna k 64-pa3paAHOMy 3HaHeHMio 

OAHaKO ec.;i u bchomhiitb, tio roBopiiAOCb o npiiBeAeHiin TirnoB b r./ranc 4, moacho 
pemiiTb, tio oh KOMmiAiipoBaTbCH He 6yAeT. Bce-Tarai System. Int32 h System. Int64, 
He hbahiotch npoH3BOAHbiMH Apyr ot Apyra. Mory Bac o6HaAe»CHTb: koa ycnemHO kom- 
nifAHpycTcn h ACAaeT bcc, hto eMy noAoaceHO. JXeno b tom, hto KOMmiAHTop C# HenAOxo 
pa36npaeTCH b npHMHTHBHbix Timax h npiiMeHaeT cboii npaBima npn komhhahuhh KOAa. 
Flmaae roBopa, oh pacno3HaeT Han6oAee pacnpocTpaHeHHbie ma6AOHbi nporpaMMiipo- 
BaHiia h reHepiipyeT Tai<ue IL-KOMaHAbi, o.aaro/pip^i kotopmm hcxoahmh koa pa6oTaeT 
TaK, KaK Tpe6yeTca. B nepByio oaepeAb, sto othociitch k npiiBeACHino TimoB, AiiTepajiaM 
h onepaTopaM, npHMepbi KOTopbix Mbi paccMOTpHM iio3/KC. 

I lamieM c toto, tio KOMromaTop isbino. iiiMCi hbiioc h iicamme npiiBeACHiie mokav 
npiiMHTHBHbiMH THnaMH, Hanpimep: 


Int32 i = 5; 

// 

HeflBHoe npuBeAeHne 

Int32 

K 

Int32 

Int64 1 = i; 

// 

HesBHoe npuBeAeHne 

Int32 

K 

Int64 

Single s = i; 

// 

HesBHoe npuBeAeHne 

Int32 

K 

Single 

Byte b = (Byte) i; 

// 

flBHoe npuBeAeHne Int32 k 

Byte 


Intl6 v = (Intl6) s; // flBHoe npuBeAeHne Single k Intl6 


C# pa3pemaeT HeaBHoe npiiBeAemie Tima, ecan sto npeo6pa30BaHiie «6e3onacHO», 
to ecTb He conpaaceHO c iiOTcpeii AaHHbix; npimep — npeo6pa30BaHiie H3 Int32 b Int64. 
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OflHaKO /yia npeo6pa30BaHiiH c piickom noTepn aamibix C# TpeSyeT HBHoro npiiBeAemra 
Tima. J\jm hhcaobmx tiuiob «He6e3onacHoe» npeo6pa30BaHiie 03HanaeT <<CBH3aHHoe c no- 
Tcpcii tothocth ii.Mii nc„ : iii'iii 1 1 i.i 'inc./ia». Hanpimep, npeo6pa30BaHiie 113 Int32 b Byte 
Tpe6yeT nmioro iipinscAcmia k THny, TaK KaKnpn 6ojibmnx iie, : iii>iiiiiax Int32 TepaeTCH 
TOHHOCTb; Tpe6yeT npHBeAeHHH h npeo6pa30BaHiie H3 Single b Intl6, nocKOJibKy tiicao 
Single M03CCT oiataaTbca 6ojibme, mcm aoiivctitmo a a a Intl6. 

fl,j .ih peajiH3an,HH iipniiCACniiM pa3Hbie KOMniiAHTopbi MoryT nopoacAaTb pa3Hbrii 
koa. Hanpimep, b cjiyiae iipniiCAcmia i inc,;ia 6,8 Tima Single k Timy Int32 o/nin kom- 
niuiHTopbi creHepiipyiOT koa, KOTopbiii noMecTHT b Int32 'incjio 6, a Apynie oiqiyiviMT 
pe3yAbTaT ao 7. MeacAy npomm, b C# Apo6Haa nacTb BcerAa OT6pacbiBaeTCH. TonHbie 
npaBima 1 1pin ue/icii nai aah npiiMiiTiiBHbix TimoB bbi HaiiAeTe b pa3AeAe ciiennijiiiKaniiii 
H3biKa C#, nocBameHHOM npeo6pa30BamiHM (<<Conversions»). 

IIOMIIMO 11 ]) IT lit'/ICI I IT ai, KOMIlll.THTOp <<3HaeT» H O APyrOII OCo6eHHOCTII npiIMIITIIB- 

Hbix TimoB: k hum iipii.Yiemivia AHTepajibHan cjiopMa 3aniicn. JI incpa.T i>i caMii no ce6e 
CHHTaiOTCH 3K3eMnjmpaMII THna, IIO.9TO.Viy MOACHO BbI3bIBaTb 9K.3C.M 11. I M) )l I hlC MeTOAbI, 
HanpHMep, CAeAyiomiiM o6pa30M: 

Console.WniteLine(123.ToStning() + 456.ToString()); // "123456" 

KpoMe Toro, 6.Tai'0/i,apa TOMy, tio m>ipa>icemia, coctomiuiic h 3 AiiTepaaiOB, iii,i'iiic.TM- 
iotch Ha inane k o m h it a it h it it , B03pacTaeT CKopocTb BbinojiHeHim npiMOAcemm. 

Boolean found = false; // B totobom KOfle found npucBanBaeTcs 0 

Int32 x = 100 + 20 + 3; // B totobom KOfle x npucBauBaeTCfl 123 

Stning s = "a " + "be"; // B totobom KOfle s npucBauBaeTca "a be" 

H HaKOHeu,, KOMmiAHTop «3HaeT», KaK h b KaKOM nopaAKe HHTepnpeTiipoBaTb 

BCTpeTHBiHiiecji b KOAe onepaTopbi (b tom rniCAe +, *, /, %, &, A , |, ==, ! =, >, <, >=, <=, 

<<, >>, urn.): 

Int32 x = 100; // OnepaTop npucBaniBamifl 

Int32 y = x + 23; // OnepaTopbi cyMMupoBaHus w npucBauBaHUH 

Boolean lessThanFifty = (y < 50); // OnepaTopbi "MeHbuie HeM" u npucBauBamifl 


ripoBepneMbie u HenpoBepneivibie onepaunn 

Ail 51 npMMUTHBHblX TWIOB 

IlporpaMMiiCTaM aoaacho 6biTb xopomo H3BecTH0, ti o MHome apiicjiMeTHHecKiie one- 
pa hit it HaA npiiMiiTiiBHbiMH THnaMii MoryT npimecTii k nepenojiHemiio: 

Byte b = 100; 

b = (Byte) (b + 200);// noc/ie stoto b paBHO 44 (2C b mecTHaAuaTepuHHofi 3anncu) 

TaKoe t i icaaviCTT ioo> nepenojiHeHiie o6htho b nporpaMMHpoBaHiiii He npimeTCTBy- 
CTca, h ecAii ero He BbiHBiiTb, npn.TO>KCiiiTC noBeAeT ccom HenpeACKa3yeM0. H3peAKa, 
npaBAa (Hanpimep, npii BbmncACHHH xem-KOAOB hah kohtpoabhhx cyMM), TaKoe 
nepenoAHeHiie He toabko npHeMAeMO, ho h Ace.TaTC.Tiaio. 



npuMi/iTMBHbie Tunbi b n3biKax nporpaMMnpoBaHi/m 1 47 


BHMMAHME 

ripu Bbino/meHMM 3T0fi apnc()MeTHHecKOM onepapHM CLR Ha nepBOM mare Bee 3HaHeHnn 
onepaHAOB pacLunpaiOTCfl ao 32 pa3paAOB (nan 64 pa3pnAOB, ecan Ann npeACTaBaeHnn 
onepaHAa 32 pa3pnAOB HeAOCTaTOHHO). noaTOMy b h 200 (Ann KOTopbix 32 pa3pnAOB 
AOCTaTOHHo) CHana/ia npeo6pa3yiOTcn b 32-pa3pnAHbie 3HaneHHn, a 3aTeM yxe cyMivin- 
pyiOTcn. rio/iyHeHHoe 32-pa3pnAHoe nncno (300 b AecnTnnHon cncTeivie, 12C b LuecTHa- 
ApaTepMHHOti), npexAe neM noiviecTHTb ero oOpaTHO b nepeivieHHyio b, Hy>KHO npi/iBec™ 
k Tuny Byte. Tax xax b ashhom cnynae C# He BbinonHneT HenBHoro npnBeAeHnn Tuna, bo 
BTopyio CTpoxy BBeASHa onepauna npnBeAeHnn k Tuny Byte. 


B KaacAOMa.sbiKecymecTByiOT cboii cnoco6bio6pa6oTKH nepenoAHemia. BCi C++ 
nepenojiHeHiie oihh6koh He cn-nacTOi, a npn yceaemiH ona'ienini npHAoaceHiie He npe- 
pBeT cboio pa6oTy. A bot b Visual Basic nepeiio. iiieiiiie BcerAa paccMaTpriBaeTca KaK 
onm6Ka, h npn ero ofmapyacenmi reHepupyeTCH HCKAToacrrwe. 

B CLR ecTb IL-KOMaHAbi, iio.'mo.miomiie KOMniiiuiTopy no-pa3HOMy peampoBaTb 
Ha ncpeno. incimc. HanpnMep, cyM.vtnpoBamie /psyx anceA m.nio. iiiHC'i KO,\iaii;i,a add, He 
peariipyiomaji Ha nepenojiHeHiie, a xaioKC KO,\iaii/i,a add. ovf, KOTopaa npn nepenojiHe- 
Hiiii rcnepiipycT hckatohchwc System.OverflowException. KpoMe Toro, b CLR ecTb 
aHajioniHHbie IL-KOMaHAbi aah BbiuuTaHua (sub/sub. ovf), yMHoaceHira (mul/mul. ovf) 
h npeo6pa30BaHHs AaHHbix (conv/conv. ovf). 

I lumyiniTH Ha C# nporpaMMHCT MoaceT caM pemaTb, KaK o6pa6aTbiBaTb nepenojiHe- 
Hue; no yMOAuamno npoBepKa iicpeno./memia (rncno'tcua. 3 to ananitT, ato KOMrauiaTop 
reuepnpycT aah oneparuiii CAoaceHiia, miinmaima, y.vtno/Kcnna h npeo6pa30Bamia IL- 
KOMaHAbi 6e3 npoBepKii nepenojmeHiia. B pe3yAKraTe koa BbinoaHaeTca 6biCTpo, ho pa3- 
pa6oTaiiK AOJiaceH 6biTb aii6o yBepeH b OTcyTCTBini nepenojiHeHiia, aii6o npeaycMOTpeTb 
B03M0ACH0CTb erO B03HIIKH0BeHIIH B CBOCM KOAC. 

HtoSm BKJiiouHTb MexaHH3M ynpaBAemia npoiteccoM o6pa6oTKii nepenoAHe- 
Hiia Ha 3Tane komiiii.tmuiih, AoSam/re b KO,\iaii;uiyio CTpoKy KOMnnaaTopa napaMeTp 
/checked+. Oh coo6iiiact KOMnmiaTopy, hto a a a BbinojmeHiiH caoacchhh, libiniriaima, 
yMHoaceHiia h npeo6pa30BamiH aoaachm 6biTb creHepupoBaHbi IL-KOMaHAbi c npoBepKoii 
nepenojiHeHiia. TaKoii koa .viCAAemiee, TaK KaK CLR TpaTHT BpeMa Ha npoBepKy othx 
onepau,HH, oacHAaa nepenojiHeHiie. KorAa oho B03HHKaeT, CLR reuepnpycT hck.tio'ic- 
Hiie OvenflowException. Koa npujioaceHiia aoaacch npeAycMaTpHBaTb KoppeKTHyio 
o6pa6oTKy ototo iicicnoMemm. 

OAHaKO nporpaMMHCTaM BpaA aii noHpaBHTca Heo6xoAHMOCTb me nonenna iiaii ot- 
KAioueHiia peacHMa npoBepKii nepenoAHemm bo bccm KOAe. Hm Ayarne caMHM pemaTb, KaK 
pearnpoBaTb Ha nepenoAHemie b KaacAOM kohkpcthom CAyaae. H C# npeAAaraeT TaKoii 
MexaHH3M ni6Koro ynpaiueiiim npoBepKoii b Bime onepaTopoB checked n unchecked. Ha- 
npuMep (npeAnoAaraeTca, aTO komhhahtop no yMOAaaHiiio C03AaeT koa 6e3 npoBepKii): 
UInt32 invalid = unchecked((UInt32) -1); // OK 

A bot npimep c HcnoAb30BaHHeM onepaTopa checked: 

Byte b = 100; // BbiflaeTCH MCK/uoseHne 

b = checked((Byte) (b + 200)); // OverflowException 
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3;icci. b h 200 ii|)co6pa3yi0'roi b 32-pa3pa/i,Hbie >i itcji a h cyMMupyiOTca; pc.3y. ; ii>- 
TaT paBeH 300. 3aTeM npn npeo6pa30BaHHii 300 b Byte reHepupyeTCH ncic. iio'ieiiiic 
OverflowException. Ecjih ii])hik3/i,cii ric k rany Byte BbiBecra H3 onepaTopa checked, 
HCKJiioHeHira He 6 vact: 

b = (Byte) checked(b + 200); // b coflepxnT 44; HeT OvertlowException 

I lapa/iy c onepaTopaMii checked h unchecked b C# ecTb at no n vu: 11 m i,ie HHCTpyic- 
u;hh, iio.siso.imioiiuic liK.iioniri b npoBepaeMbie hjih HenpoBepneMbie isiiipanceiuoi BHyTpb 
6jiOKa: 

checked { // Hana/io npoBepaeMoro 6/ioxa 

Byte b = 100; 

b = (Byte) (b + 200); // 3 to Bbipa>KeHne npoBepaeTca Ha nepeno/iHeHine 
} // KoHep npoBepaeMoro 6.noKa 

KcTaTH, BHyTpH TaKoro 6jiOKa mohcho 3a/u‘HCTi«)iiaTi> onepaTop += c Byte, KOTopbifi 
HeMHoro ynpocTHT icon,: 

checked { // Hana/io npoBepaeMoro 6/iOKa 

Byte b = 100; 

b += 200; // 3 to Bbipa>KeHne npoBepaeTCH Ha nepeno/iHeHne 

} // KoHep npoBepaeMoro 6aoKa 


BHMMAHME 

ycTaHOBKa pexnivia KOHTpona nepeno/iHeHna He Banaei Ha pa6oiy MeTOAa, Bbi3biBaeMoro 
BHyipn onepaTopa n/in MHCTpyKunn checked, Tax KaK AencTBHe onepaTopa (h HHCTpyx- 
Uhh) checked pacnpocTpaHaeica TO/ibKO Ha BbiOop IL-K0M3HA c/ioxeHHa, BbiHHTaHna, 
yMHOxeHHa h npeo6pa30BaHna AaHHbix. HanpHMep: 

checked { 

// npeano^OKHM, SomeMethod nbiTaeTca noMecTMTb 400 b Byte 
SomeMethod(400); 

// Bo3HMKHOBeHMe OvertlowException b SomeMethod 
// 3aBncnT ot Ha/iHHHH b HeM onepaTopoB npoBepKH 

} 

51 ish/ic.i HeMajio isbi'inc.ieiinii, reHepiipyiomux Henpe/i,CKa3yeMbie pe3yjibraTbi. 

OObIHHO 3TO CAV'iaCTOl H3-3a IICII |)aii ll.l 111 [OK) BBOA,a flaHHblX IIO.TI3iOliaTC.TCM HJIH >KC 
H3-3a lioaiipamciuni iK'0>Kii/i,ai111ij.i x .snancHHir nepeMeHHbix. Hraic, a peKO.\icii/i,yio npo- 
rpaMMHCTaM coOjnonaTb cjienyiomHe npaBHJia npn iicnojib30BaHHH onepaTopoB checked 
h unchecked. 

□ Hcnojib3yirre THnbi co 3hakom (Int32 h Int64) BMecTO hhcjiobhx TiinoB 6e3 3HaKa 
(UInt32 h UInt64) isca/tc, rue sto bo3mohcho. 3to ho3bojiht kttmiut.t atopy BbiHB- 
JIHTb Olll IT6KV I icpc110. l 11(‘11I IM . KpOMe TOTO, HeKOTOpbie KOMnOHeHTbl OIIO.TITOTCKTT 
KJiaccoB (HanpiiMep, cbohctba Length KJiaccoB Array h String) acecTKO 3anpo- 
rpaMMiipoBaHbi Ha B03BpameHiie aiia'icimii co 3HaKOM, h ucpe/iana .-mix 3HaHCiiini 
b KOAe HOTpeoycT MeHbinero Kci.Tii'ieci isa npeo6pa30BaHHii Tima (a cjienoBaTejibHO, 
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ynpocTHT CTpyKTypy Koaa h ero conpoBoac/teHiie). KpoMe Toro, uncjiOBbie Tiinbi 6es 
3HaKa HeCOBMeCTHMbI c CLS. 

□ Bic/nonarne b 6jiok checked Ty uacTb Ko/i,a, b KOTopofi bo3mohcho nepenojiHeraie 113- 
3a HeBepHbix bxoahhx /uuiiibix, Hanpimep npn o6pa6oTKe 3anpocoB, co/tepHcamux 
/UiiiiipjIC, npe/i,0CTaii.;ieimi>i(‘ KOHeuHbiM nojib30BaTejieM hjih kjihchtckoh MaimmoH. 
Bo3mo5kho, '[aioice ctoiit nepexBaTbiBaTb hckjttohctphc OverflowException, Tioobi 
Barne npiuioaceHiie motjio KoppeKTHO npo/rojiHCiiTb pa6oTy nocjie TaKi-ix c6oeB. 

□ Buiio'iaihc b 6jiok unchecked Te cjiparMeHTbi KO/i,a, b kotophx nepenojmeHiie He 
co.a/racT iipooneM (iianpiiMcp, npii Bbi<nTCjTeiinn Kom po. ii.uoii cyMMbi). 

□ B Ko^e, iyi,e iict onepaTopoB h 6jiokob checked h unchecked, iipc/UPO.iaracTCH, 'no 
npii nepenojiHeHHii donucHO npoHcxoflHTb HCKJiioueHHe. Hanpimep, npii BbiHiTCJicniiii 
npocTbix 'iuce./i bxo/uibie /uuiiip>ie H3BecTHbi, a nepenojmeHiie hbjuictcii npii3HaKOM 
oihh6kii. 

B npouecce OTjia/tKH Ko/ta ycTaHOBHTe napaMCTp KOMniuiHTopa /checked+. BbinojiHe- 
Hiie npujioaceHHH 3aMe/yiiiTOi, TaK KaK cucTCMa 6ya,eT KOHTpojinpoBaTb nepenojiHemie bo 
bccm ico/tc, He iioMC'ieiiiioM ic. iio‘icbP)iMii cjiOBaMii checked hjih unchecked. Ooiiapy'/Kiiii 
HCKJiiOHeHHe, Bbi CMoaceTe jierKO o6HapyaciiTb ero h HcnpaBHTb omn6Ky. B OKOHuaTejibHOii 
c6opKe ii|)ii. ; iO/KeiiiiM ycTaHOBHTe napaMeTp /checked-, tpo ycKopHT BbinojiHeHiienpn- 

JIOHCeHIIH; HCKJHOHeHHH npH 3TOM P C‘IPC]) U])015JUP PjC> 1 He OVAVT. /Bill TOrO HTo6bI II3MeHHTb 

3HaHeHiie napaMCTpa checked b Microsoft Visual Studio, OTKpoHTe okho cbohctb Barnero 
npoeKTa, nepeii/i,HTe Ha BKJiaAKy Build, mejiKHHTe Ha KHonKe Advanced h ycTaHOBHTe 
cjuiaxoK Check for arithmetic overflow/underflow, KaK sto noKa3aHO Ha puc. 5.1. 


lenguege Vmmrv 


' default 


iotcmil Compiler Error Reporting; prompt 


P) Check for enthmetic ovtrfloWurrderflow 

Output - 

Infoc 

Alignment 




DU fiete Addreu; 


(XODWCWO 


Cancel 


Puc. 5.1. l/l3MeHeHne npuivieHseMbix no yMoriHaHnio napaivieipoB KOMnn/iaTopa 
Visual Studio b OKHe Advanced Build Settings 


B cjiyuae ecjm/yia Bamero npiuioaceHira npoH3BOAHTejibHOGTb He icpiiTii'iipa, a peKO- 
MeH/ryio ocTaBjiHTb napaMeTp / checked hk. pio'iciiiii>im /poice b o koip' lapcjpp>iioir Bepcrai. 
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3to iioaiiO.inT 3amnTHTb npnjioaceHHe ot HeKoppeKTHbix /lamibix h 6pemeii b CHCTeMe 
6e3onacHOCTH. Hanpimep, ecjm npn isbi'iiic.acmi h miacKca Maccrrea nnio.TbaycTcn 
HCKjnouemie, jiyurne nonyuHTb HCKjnouemie OverflowException, ueM o6paTHTbCH 
k HeBepHOMy .ojie.vicm y MacciiBa H3-3a ncpcim. iiK'iiiiH. 

BHMMAHME 

Tun System.Decimal ctout ocobHHKOM. B orni/iHi/ie ot mhotmx a3biKOB nporpaMMnpoBaHi/ia 
(BKTuonaa C# i/i Visual Basic), b CLR Ti/in Decimal He othoci/itch k npi/iMi/iTHBHbiM TnnaM. 
B CLR HeT IL-KOMaHflAaa pabo™ co 3HaHeHM3Mi/i Tuna Decimal. B AOKyMeHTau.nn no .NET 
FrameworkCKa3aH0, hto Tun Decimal nivieeTOTKpbiTbie CTaTi/inecKi/ie MeTOAbi-HneHbi Add, 
Subtract, Multiply, Divide h nponne, a Taioxe neperpyxeHHbie onepaTopw +, -, *, / i/i t. a- 

ripn KOMni/i/iHpi/ii/i KOAa c TnnoM Decimal KOMnn/inTop reHepnpyeT Bbi30Bbi H/ieHOB 
Decimal, KOTopwe n Bbino/iHniOT peanbHyio paboTy. riosTOMy 3HaHeHna Tuna Decimal 
obpabaTbiBaiOTca MeAneHHee npnMHTHBHbix CLR-TnnoB. KpoMe toto, pa3 HeT IL-kombha 
Ati a MaHnny/iapnH Hi/ic/iaMi/i Tuna Decimal, to He byayT rnvieTb acpcfieKTa hh onepaTopw 
checked n unchecked, hh cooTBeTCTByioiAHe napaMeTpbi KOMaHAHOi/i ctpokh KOMnunaTO- 
pa, a HeocTopoxHOCTb b onepaunnxHaATHnoM Decimal MOxeT npuBec™ k HCKniOHeHHio 
OverflowException. 

AHanori/iHHO, Tun System.Numerics.Biglnteger ncnonb3yeTca b MaccHBax Ulnt32 atih 
npeACTaB/ieHna bonbuioro u,enoHncaeHHoro 3HaaeHMa, He HMeiOLuero BepxHen mtii/i 
H n>KHeM rpaHnu,bi. CneAOBaTe/ibHO, onepau,nn c Ti/inoM Biglnteger hhkotaa He Bbi30ByT 
ncKTuoneHna OverflowException. OAnaKO ohh MoryT npMBecTM k BbiAane MCKTuoneHna 
OutOfMemoryException, ecnn 3HaneHHe nepeMeHHOi/i OKaxeTca c/ihlukom bo/ibniMM. 


CCblJlOHHbie M 3HaHMMbie TMflbl 

CLR iiOAAcp/KHHaci' /pic pa/sumui/uiocTH thiiob: ccujiouHue (reference types) h 3Hmu- 
Mue (value types). BojibuniHCTBO thiiob b FCL — ccbuiouHbie, ho nporpaMMHCTbi name 
Bcero ncnojib3yiOT .iiia'ni.vibic. I la.vuri b /lym ccbwouHbix tmob Bcer/ta BbmejiaeTCH H3 
ynpaBJiHeMoif Kyun, a onepaTop C# new B03BpamaeT a/tpec b ua.vun ri, r/i,e pa3MemaeTCH 
caM o6beKT. IIpn pa6oTe co ccbuiouHbiMH TunaMH iico6xo/i,hmo yuHTbreaTb CjiCAyiomne 
o6cTOHTejibCTBa, OTnocainuccM k 11 pon.iiio/unc. ii>u octh i ipin,/ io>koi tn a: 

□ na.vn-n b /lyui ccbuiouHbix TunoB liccraa BbmejiaeTCti H3 yupaii./mcMOii Kyun; 

□ Ka/K/uafi o6beKT, pa3MemaeMbifi b Kyue, co/tepscuT AonojmiiTejibHbie ujichm, no/i,- 
ae>i<amiie HHHUHajiH3auHH; 

□ nea.aim i bie nojie3Hofi rm(})op,\iaiuieii 6affTbi o6beKTa ooiiyas-i iotcs-i (3to KacaeTca 
nojieir); 

□ pa3MemeHiie o6beKTa b ynpaBJureMofi Kyue co BpeMerreM HHHunnpyeT c6opKy My- 
copa. 

Ecjih 6bi Bee Tunbi 6bum ccbuiouHbiMH, acj)cj)eKTHBHOCTb npHJioaceHHH pe3KO ynajia 
6bi. I Ipcytciabbic, HacKOJibKO aa.vKyuuLTOCb 6bi isbi 11 r>. inonnc npri.;io>iccimH, ecun 6bi npn 
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Kaac/iOM o6pameHim k 3HaneHino Tima Int32 BbiAenanacb naMHTb! IIoaTOMy, HTodbi ycico- 
piiTb o6pa6oTKy npocTbix, macto ncnojib3yeMbix TimoB CLR npeAAaraeT «o6ner t ieHHbie» 
THiibi — 3HauuMue. 3K3eMnjmpbi sthx TimoB ooiii'iiio paa.vicmaiOTCii b CTeKe noTOKa 
(xOTH OHII MOryT 6bITb BCTpOeHbl II B OO'bCKT CCbl./IO'l I [010 THna). B I [JOC/ICT aH. Ilomcii 
.')K3 Cmi[./im|) nepeMeHHoii HeT y KasaTC.'ia Ha 3K3e.vm.Tiip; iio./im .oicse.Yiii./iMpa pa3MemaiOTCJi 
b caMOii nepeMeHHoii. IIocKOJibKy nepe.vieimaM coAepaciiT iio.mm oiae.Yin.iMpa, to aom pa- 
6 oth c ::)K3 Cmii. ; im|)om hc i[y>Kiio BbinojiHHTb pa3biMeH0BaHHe (dereference) .')K3CMi[./mpa. 
BjiaroAapn TOMy, tio 3K3eMnnapbi aiiaon.vibix TimoB He o6pa6aTbiBaiOTCJi ySopmiiKo.vt 
Mycopa, yMeHbmaeTCH iiHTeHCiiBHOCTb padoTbi c ynpaBJineMoii Kyieii n coKpamaeTca 
KOjmnecTBO ceaHCOB ydopKii Mycopa, ncooxo/oiMbix i[pn.;io>Kemno HanpoTnaceHini ero 
cymecTBOBaraiH. 

B AOKyMeHTairiiii Ha .NET Framework moacho cpa3y y isi-iacti,, KaKiie Timbi otho- 
cht k ccbuiOHHbiM, a KaKiie — k ,m i ia>i n\ t iji\i . Ecjiii Tim Ha3biBaiOT KJiaccoM (class), pern, 
imeT o ccbuiOHHOM Time. ElanpiiMep, KJiaccbi System .Object, System. Exception, 
System.10.FileStream h System.Random — sto ccbuiouHbie Timbi. B cboio ouepeAb, 
.snaHHMbic Timbi b AOKy.vicFrraumi ua.ibnsaiOTCii cmpyKmypaMU (structure) h nepe- 
uucjiemiRMU (enumeration). ElanpiiMep, CTpyKTypbi System.Int32, System.Boolean, 
System.Decimal, System.TimeSpan h nepeniicjieHim System.DayOfWeek, System. 
10. FileAttnibutes h System.Drawing. FontStyle hbjihiotch 3HamiMbiMH TinaMH. 

Bee CTpyKTypbi hbjihiotch npiTMbiMii noTOMKaMii adcTpaKTHoro Tuna System. 
ValueType, KOTopbiii, b cboio onepeAb, HBjineTCH npoii3BOAHbiM ot Tima System. 
Object. ITo y.vio./i'iamiio Bee ama'uiMbie THnbiAonatHbi 6biTb npoii3BOAHbiMii ot System. 
ValueType. Bee nepeniicjieHim mh.ihiotcm npoii3BOAHbiMii ot Tima System. Enum, npo- 
ii3BOAHoro ot System. Va 1 ueType. CLR n H3biKn nporpaMMiipoBaHim no-pa3HOMy 
paooraiOT c nepeMHcaemi mmh. O nepenHcmiMbix THnax cm. rnaBy 15. 

IIpii oiipe/icjieniui coocmcimoro .mami.vioro Tima ne.ib.3M in.iopai b npoii3BOJibHbiii 
6a30Bbiii Tim, o/uiaKO 3HamiMbiii Tim mo>kct peajni30BaTb o/inii hjih necKo.ibKO Bbi6paH- 
Hbix BaMii HHTepcjieiicoB. KpoMe toto, b CLR ona'iiiMbiii Tim mii. imctcm ii30JiiipoBaHHbiM, 
to ecTb oh He MoateT cnyaciiTb 6a30BbiM TimoM Ann KaKoro-niido Apyroro ccbuionHoro 
hjih 3HaniiMoro Tima. 11 ostomy, HanpiiMep, i ie;i bom b oniicaHini noiiom THna yKa3bmaTb 
b KauecTBe 6a30BbixTimbi Boolean, Char, Int32, Uint64, Single, Double, Decimal 11 t. a. 

BHMMAHME 

Mhothm pa3pa6oTHHKaM (b nacTHOCTn, TeM, kto nnuieT HeynpaB/ineMbin koa Ha C/C++) 
AeneHne Ha ccbmoHHbie h 3HaHHMbie mnbi noHana/iy KaxeTcn CTpaHHbiM. B HeynpaBJiae- 
mom KOAe C/C++ Bbi obbMB/iaeTe Tun, n y>xe koa peuiaeT, KyAa noiviecTHTb 3K3eMn/inp 
Tuna: b CTex noTOxa win b xyny npwioxeHwi. B ynpaB/weMOM KOAe MHane: pa3pa6oTHHK, 
onncbiBaiOLAnn Tun, yKa3biBaeT, rAe AOii>KHbi pa3MemaTbcn 3K3eMn/isipbi AUHHoro Tnna, 
a pa3pa6omnK, ncno/ib3yiOLAnn Tnn b CBoeM KOAe, ynpaB/imb stum He Moxer 


B cneAyiomeM KOAe (11 Ha piic. 5.2) npoAeMOHCTpiipoBaHO pa.3Amiuc .vieac/iy ccbi./io'i- 


HblMII H 3HanHMbIMH TimaMH! 
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// Ccbi/iOHHbifi Tun (nocxonbxy 'class') 
class SomeRef { public Int32 x; } 

// 3HaMMMbiti Tun (nocxo/ibxy 'struct') 
struct SomeVal { public Int32 x; } 

static void ValueTypeDemo() { 

SomeRef rl = new SomeRef(); // Pa3MeinaeTca b xyne 

SomeVal vl = new SomeValQ; // Pa3MemaeTcn b CTexe 

rl.x = 5; // Pa3biMeHOBbiBaHne yKa3aTenn 
vl.x = 5; // H3MeHeHMe b CTexe 
Console.WriteLine(rl.x); // 0To6pa>xaeTCfl "5" 

Console.WriteLine(vl.x); // Tax/xe OTobpa/xaeTCfi "5" 

// B zieBoJi nacTM puc. 5.2 noxa3aH pe3y/ibTaT 

// Bbino/iHeHMB npeAbiflymux CTpox 

SomeRef r2 = rl; // KonupyeTca TOAbxo ccbmxa (yxa3aTe/ib) 

SomeVal v2 = vl; // noMemaeM b CTex n xonupyeM H/ieHbi 

rl.x = 8; // M3MeH£uoTcfl rl.x m r2.x 
vl.x = 9; // H3MeHfleTCfl vl.x, ho He v2.x 
Console.WriteLine(rl.x); // 0To6pa>xaeTCfi "8" 

Console.WriteLine(r2.x); // 0To6pa>xaeTCfi "8" 

Console.WriteLine(vl.x); // OTobpa/xaeTCfi "9" 

Console.WriteLine(v2.x); // 0To6pa>xaeTCfl "5" 

// B npaBofi Haem puc. 5.2 noxa3aH pe3ynbTaT 
// Bbino/iHeHMfl BCEX npeflbiflymnx CTpox 

} 


CocTORHMe noc/ie Bbino/meHHa 
nepBow no/ioBMHbi wieiofla ValueTypeDemo 

Ctex notoxa ynpaBJiaeiviafl xy^a 



CocTORHiie noc/ie oxomaTejibHoro 
BbinopHeHna wieiofla ValueTypeDemo 

Ctex notoxa ynpaBJiaeMafl xyna 



Pmc. 5.2. Pa3Hmia MexAy pa3MeiAeHL/ieivi b naMan/i 3HaHmvibix n ccbmoHHbixTunoB 


B 3tom iipi-tviepe ran SomeVal o6i>mis.icmi c K. iioueiibiM cjiobom struct, a He 6ojiee 
pacnpocTpaHeHHbiM K. iioueiibiM cjiobom class. B C# Tiinbi, o6bHBJieHHbie KaK struct, 
hbjmiotch .'sna'iiiMbiMii, aoo'bMb./ieinibieKaK class, — cciji./io'iiibi.viii. Meacny iioise/K'imc.vi 
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ccbuiOHHbix h .'iiia'iiiMbix THiiOB cymecTByiOT cymecTBeHHbie paa/ni'iiia. I Iootomv TaK 
BaacHO npe/i,CTaBJiHTb, k KaKOMy ceMeficTBy othochtch tot hjih iihoh Tim — k ccmjiohho- 
My hjih anaauMOMy: Benb dto mo/icct cymecTBeHHO i ioiii u m i p, Ha to, KaK bbi BbipaacaeTe 
CBOii HaMepeHim b ko;i,c. 

B npe,a,bmymeM nprmepe ecTb cnenyiomaH CTpoica: 

SomeVal vl = new SomeValQ; // Pa3MeinaeTCfl b CTeKe 

MoaceT noKa3aTbcn, hto 3K3eMnjmp SomeVal 6ya,eT noMemeH b ynpaBjraeMyio Kyny. 
OflHaico nocKOjibKy KOMmijiHTop C# «3HaeT», hto SomeVal HBjmeTCH 3HaHHMbiM TimoM, 
b creHepupoBaHHOM hm Kone 3K3eMnjiap SomeVal 6y,a,eT noMemeH b ctck noTOKa. C# 
TaKace o6ecne i niBaeT obHyjieHiie Bcex nojien 3K3eMnjmpa aiia'iiiMoro THna. 

Ty ace CTpoicy MoacHO 3anncaTb miaae: 

SomeVal vl; // Pa3MemaeTcn b CTeKe 

3/i.ccP) Toace co.3/i,acTC>i IL-koh, KOTopbifi noMemaeT 3K'3 C.mpi. im]) SomeVal b ctck no- 
TOKa h o 61 pv./p^pcp Bee ero iio.im. I£/p,pii icpiie pippoc ouiu'tiie b tom, hto sicse.wii. iap, co3/p,aii- 
Hbiii onepaTopoM new, C# «CHHTaeT» HHiiiiHajiH3HpoBaHHbiM. I loaciiio 3Ty Mbicjib Ha 
cjieAyiomeM npiiMepe: 

// flBe cneAypoupue ctpokh KOMnnnnpyioTCB, TaK KaK C# cnnTaeT, 

// hto nonn B vl MHnLpnannanpyiOTCfi HyneM 
SomeVal vl = new SomeValQ; 

Int32 a = vl.x; 

// Cneflyiomne CTpoKin Bbi30ByT ouin6Ky KOMnnnflLpnn, nocKOnbKy C# He CHMTaeT, 

// hto nonn B vl MHnpna/pn3npypOTCfl HyneM 
SomeVal vl; 

Int32 a = vl.x; 

// error CS0170: Use of possibly unassigned field 'x' 

// (ouin6Ka CS0170: UcnonbayeTcn none 'x', KOTopOMy He npHCBoeHO 3HaneHMe) 

IlpoeKTHpyji cboh THn, npoBepbTe, He iicnojib30BaTb jih ismccto ccbuiOHHoro THna 
3HamiMbni. IlHorna 3 to no3BOjmeT noBbiciiTb scfxfieKTHBHOCTb Kona. CKa3aHHoe oco6eHHO 
cnpaBenjiiiBO /pin THna, ynoBJieTBopHiomero eceM nepenHCJieHHbiM najiee ycjiOBimM. 

□ Tim bc/ipt ccom 11 0 / 1,06 ipo npiiMHTHBHOMy THny. B nacTHOCTH, sto 03HanaeT, hto THn 
AOCTaTOHHO npocTofi h y Hero iict hjichob, cnoco 6 Hbix H3MemiTb 3K3cmii.tm|)ipI)IC 
nojiH THna, b stom cjiynae roBopuT, hto THn Heu3MeHHeMbiu (immutable). Ha caMOM 
nejie, MHorae 3HaHiiMbie ranbi peKOMeuayeTcn noMenaTb cneiuicjuncaTopoM readonly 
(cm. r/iaBy 7). 

□ Tim He oomsan pimc p Pj. jno6oii npyroii THn b ica'iecnse 6a30Boro. 

□ Tim He HMeeT p 1 |)opi.3 iio/p,i 1 i>p x ot Hero 'miiois. 

TaKace iico6xo/uimo y'i pi p p>i iifi i p> pa3Mep 3K3eMnjrapoB THna, noTOMy hto no y.\io.T'ta¬ 
il 1110 apryMeHTbi nepenaiOTCH no 3HaHeHiiio; npn stom iio.tm 3ic3CMii.THpoii ;iiia i tn.viom 
Tima KonHpyioTcn, hto OTpimaTejibHO CKa3biBaeTCn Ha npoii3BO/i,HTejibHOCTH. noBTopiocb: 
/pin .vicTO/ta, B03Bpamaiomero 3HaHHMbiiiTim, iio.tm aicacMii.TapaKonupyiOTCfi b naMHTb, 
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BbiaejieHHyiO BbI3bIBaK>miIM KOAOM B M6CTe B03BpaTa H3 MeTO/ia, UTO CHHaCaeT acjjcjjeKTIIB- 

HOCTb pa6oTbi nporpaMMbi. IIoaTOMy b ,a,onojmeHHe k nepeHHCJieHHbiM ycjiOBiiHM cjieayeT 

odbHBJIHTb THn KaK 31 laHITMblit, eCJIH BepHO XOTH 6bl 0/1,110 H3 C/IC/IV I0IUI1X yCJIOBIIH: 

□ Pas.vicp ;:)K3cmii. ; im|)oh rana .via/i (npimepHO 16 6afiT hjih MeHbrne). 

□ Pa3Mep .')K3 cmii, ; im|)oh THna ise/unc (6ojiee 16 6airr), ho aioc.vi 11.1 xi p)i>i He nepe/i,aiOTCH 
b icaned'ise napaMeTpoB mcto/i/i hjih He hbjuhotch B03BpamaeMbiMH H3 mcto/i/i 3Ha- 

HCHIUTMH. 

OcHOBHoe aoctoiihctbo auanuMbix THnoB b tom, tio OHii He paa.viemaiOTcn b ynpaB- 

.T/ie.vioii icync. Koiieaiio, b cpaBHeHHHco cci>i.to i [iii>i,\t 11 THnaMHy 3HauHMbix thhob ecTb 

HeaocTaTKH. Ba'/Kiiciimiic otjihhhh MOK/py a.na'iii.vibiMii h ccbi. iO'iin.iMii THnbi: 

□ 06beKTbi a.iiaanMom THna cymecTByiOT b /usyx (Jiop.viax (cm. cjie/pvioinnn pa3/i,eji): 
HeynaKoeamou (unboxed) h ynameanHou (boxed). CcbuiouHbie THnbi 6biBai0T TO/ibKO 
b ynaKOBaHHOii cjiopMe. 

□ 3HauiiMbie Timbi hbjhhotch npoii3BO/i,HbiMH ot System. ValueType. 3tot ran HMeeT 
Teace mcio/uj, tio h System.Object. O/uiaico System.ValueType iiepeoiipe/i.e./ii'iCT 
mcto/1, Equals, KOTopbifi B03BpamaeT true, ecjni .suaneuuH no/ieil b o6ohx none m ax 
conna/piiOT. KpoMe toto, b System.ValueType nepeonpe/i,ejieH mcto/i GetHashCode, 
KOTopbifi co.3/i,acT xciiMCo/i, no ajiropHTMy, yiiiTbiiiaiomcMy :iii/i'iei111 xi no/ien oicscm- 
u/nipa oo'ixTCia. H3-3a npoo/iCM c npoua no/unc/ii>11 oct b 10 b peajiH3aii,HH no yMOJi- 
uaiiino, oiipe/i,e.TMM codcTiseiuibie aua/tuMbie THnbi 3iiaucHHH, Ha/1,0 nepeonpe/tejiiiTb 
h HanucaTb cboio peajiH3an,Hio mctoaob Equals h GetHashCode. O MeTO/i,ax Equals 
h GetHashCode paccKa3aH0 b KOHue stoh i.iam>i. 

□ IIocKOJibKy b o6 bxiis. iciiiiu hoboto auanuMom hjih ccbi. io'niom THna iiejinan yica3bi- 
BaTb 3HauHMbiii Tim b ica/iecme 6a30Boro KJiacca, co3/i,aBaTb b anann mom Time HOBbie 
BiipTyajibHbie mctoam ue/ib.an. M cto/i, i>i He MoryT 6biTb aScTpaicnibiMu h iicmisiio 
hbjhhotch aaue'iaTauubiMu (to ecTb hx i icji baa nepeonpe/i,ejiHTb). 

□ IlepeMeHHbie ccbuiouHoro Tima co/icpacar a/ipeca o6rbc ktois b kvic. Kor/i,a nepe- 
MCiiiiaa ccbuiouHoro Tima C03/i,aeTCH, eft no y.MO/i'iauu 10 iipiiciiainsacTca null, to 
eCTb B 3T0T MOMCHT OHa He yKa3bIBaeT Ha fleHCTBHTejIbHblH odbeKT. IIonblTKa 3a- 
ZieHCTBOBaTb nepeMeHHyio c TaKHM aua'ieuucM iipune/iCT k reHepauim uck'.tio'ktiiim 
NullReferenceException. B to ace BpeMH b nepeMeHHOH 3HauiiMoro rana Bcer/i,a 
co/iepacHTCH Heicoe 3HaueHne cooTBeTCTByiomero Tima, a npn iiHiiH,iiajni3aH,Hii 
BceM 'i.iciia.vi 3 toto Tima upucisauisacTOi 0. IIocKOJibKy ncpcMemiaa 3HamiMoro 
rana He HBjmeTCH yica3aTejieM, ripn oopameuuu k 3 naan. momv rany Hcicjiioncniic 
NullReferenceException B03HiiKHyTb He MoaceT. CLR no/i/iepacHBaeT noHurae 
3HauiiMoro Tima ocodoro Bima, /tonycicaiomero npiiCBaiiBaHiie null (nullable types). 
3 tot Tim oocyac/piCTCM b rjiaBe 19. 

□ Kor/i,a nepeMCHHOii 3HamiMoro Tima npiiCBaiiBaeTCH apyran nepeMeHHan 3HamiMoro 
THna, BbinojiHaeTCH KomipoBaHiie Bcex ee nojieft. Km via nepeMeHHOH ccbi.io'iuo- 
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ro THna npiiCBaiiBaeTCH nepeMeHHaa ccbuionHoro Tima, KonupyeTca TOJibKO ee 
anpec. 

□ BcjieACTBiie CKa3aHHoro b npeubmymeM nymcTe HecKOjibKO ncpc.vicimijix ccbuiOHHoro 
THna MoryT ccbuiaTbca Ha oahh o6beKT b Kyne, 6jiaro,a,apH neMy, pa6oTan c oahoh 
nepeMeHHofi, MoamoH3MeHHTbo6beKT, HaKOTopbiiiccbuiaeTcaapyran ncpcMCimaM. 
B to ace BpeMH Kaacnaji iiepcMCimaM 3 naan mo m THna HMeeT co6cTBeHHyio Konino 
aaHHbix <<o6beKTa», nosTOMy onepapHH c oahoh nepeMeHHOH 3HanHMoro THna He 
bjihjhot Ha apyryio nepeMeHHyio. 

□ Tax KaK HeynaKOBaHHbieaiiaaHMiac THnbi HepaaMcmaiOTca b icytc, OTiie/ieiiiiaH /c/im 
hiix naMHTb ocBo6oac,a,aeTCH cpa3y npn B03BpameHHH ynpaBaemra mctoaom, b koto- 
poM oniicaH 3K3eMnjuip stoto THna (b otjihhhc ot oacimamiH y6opKii Mycopa). 


KaK CLR ynpaa/ineT pa3MeLueHneivi no/ieu ajih Tuna 

J\]\a noBbiHieHim npoii3BO/i,HTejibHOCTH CLR aano npaBO ycTaHaBJiimaTb iiopM/poic 
pa3MemeHiin 11 o./ie ii THna. Hanpimep, CLR MoaceT BbiCTpoHTb nojia TaKHM o6pa30M, 
hto ccbijiKH Ha o6beKTbi OKaacyTca b o/i,HOH rpynne, a 110.1 a /uuiiibix h CBoficTBa — bh- 
poBHeHHbie h ynaKOBaHHbie — b npyroii. 0/i,HaKO npn oriHcaiiHH THna MoacHO yKa3aTb, 
coxpaHHTb jih nopa/ioic no.ieii /uiiinom Tima, o 1 [pie/iearc 1 r 1 rmii nporpaMMHCTOM, hjih 
pa3pemiiTb CLR BbinojmiiTb 3Ty pa6oTy. 

J\jin toto 'ito6p>i coo 6 miiTb CLR cnoco 6 yiipaii. : iciina iio. immh, yxaacHTe b oniicamm 
Kjiaccaiuiii CTpyKTypbi aTpn 6 yT System.Runtime.InteropServices.StructLayout- 
Attribute. l Ito6i>i iiopa/ync iio. ieii ycpaiipaii./p pi iia./pcn CLR, HyacHO nepenaTb KOHCTpyK- 
Topy aTpn 6 yTa napaMeTp LayoutKind .Auto, HTo 6 bi coxpamiTb ycTaHOBJieHHbiii npo- 
rpaMMHCTOM nopa/i,OK — napaMeTp LayoutKind. Sequential, a napaMeTp LayoutKind. 
Explicit iio.3iso.hict pa 3 MecTHTb 110 . 1 a b naMHTH, hbho . 3 a/p,ais cmcthchhm. Ecjih b onu- 
caHHH Tima He npimeHeH aTpn 6 yT StructLayoutAttribute, nopHAOK nojieii Bbi 6 epeT 
KOMniUIHTOp. 

JXjih ccbuionHbix TimoB (KJiaccoB) KOMmuiHTop C# Bbi6npaeT BapnaHT LayoutKind. 
Auto, a.yia aiiamiMbix pipiiob (cTpyKTyp) — LayoutKind.Sequential. O'lemi/pno, pa 3 - 
paoo'i 'iii kip KOMniuiHTopa cpmaiOT, m i o CTpyKTypbi 06bi>1110 iiciPoaiasyiOTca /lyia B 3 an- 
MOAeHCTBiia c HeynpaBJiHeMbiM koaom, a anaauT, ipo.ni HyacHO pacnoaoacHTb Tax, KaK 
onpe/i,ejieHO pa 3 pa 6 oTmiKOM. OAHaKO npn C 03 /iaiiim 3 HanHMoro THna, He pa6oTaiomero 
coBMecTHO c HeynpaBjiaeMbiM koaom, CKopee Bcero, 110 iicyp,ei p it 0 KOMnnjiHTopa, 11 pe/y 
jiaraeMoe no yMOJinamno, noTpe6yeTca H 3 MemiTb, Hanpimep: 

using System; 

using System.Runtime.InteropServices; 

// Una noBbiwemia npon3BOflMTenbHOCTM pa3peiuMM CLR 
// yCTaHOBMTb nopfiflOK no/ieii flns stoto Tuna 
[StructLayout(LayoutKind.Auto)] 
internal struct SomeValType { 
private readonly Byte m_b; 


npodojiwemie & 
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private readonly Intl6 m_x; 


} 


A'ipn6yT StructLayoutAttribute Taioicc iio.siso.uict hbho aa/uri'b CMemeHiie aah 
bccx nojiefi, iicpcAais b KOHCTpyKTop LayoutKind. Explicit. 3aTeM moacho npiiMemiTb 
aTpnSyT System. Runtime. InteropServices. FieldOffsetAttribute ko BceM ikvihm 
nyTeM nepeAauH KOHCTpyKTopy stoto aTpn6yTa 3HaHeHira Tima Int32, onpenejiaiomero 
CMemeHiie (b oaiirax) nepBoro 6aHTa 11o.ia ot Havana 3K3eMnjuipa. H is11oc pa3MemeHiie 
o6bIHHO HCIIO. IbSyCTCa HMHTanilH TOrO, TIO B IICyi[|)aii./IMC.VIOM K'O/tC Ha C/C++ 
iia.3biiia. : iocb o6heduHetiueM (union), to ecTb paa.Yiememia HecKoabKiix 11o./ieii c o/uiom 
CMemeHim b naMHTH, HanpHMep: 

using System; 

using System.Runtime.InteropServices; 

// Pa3pa6oTMHK abho 3aaaeT nopnflOK no/ieii b 3h3hhmom Tune 
[StructLayout(LayoutKind.Explicit)] 
internal struct SomeValType { 

[FieldOffset(0)] 

private readonly Byte m_b; // no/in m_b n m_x nepeKpbiBaiOTCfl 
[FieldOffset(0)] 

private readonly Intl6 m_x; // b 3K3eMnn«pax btoto K/iacca 

} 


He nonycKaeTCH onpeACAemie Tima, b kotopom nepeKpwBaiOTCH ccbuiouHbrii h .niauii- 
mi,i ii THnbi. Mo/Kiio onpeAejiHTbTHn, b kotopom nepeKpbiBaioTCJiHecKOJibKOaiia'iu.vibix 
TimoB, OAHaKO Bee nepeicpbiBaioiiuiecH 6aiiTbi aoaachm 6biTb AOCTynHbi uepe3 OTKpbiTbie 
110.1 a, UTOObl OOCCIIC'illTb B C p IT if) IT K a H H TO THna. 


YnaKOBKa v\ pacnaKOBKa 3HannMbix tmihob 

Siia'iiiMbie THnbi «jiene» ccbuio'i11i>ix: a./hi hiix He iiv'/KTio BbiACAHTb na.vtaTb b ynpaB- 
AHeMOH Kyue, hx He 3aTpaniBaeT c6opica Mycopa, k hiim HeAb3H o6paTHTbcn uepe3 
yKa.3aie.Tb. O/uiaico nacTO ipeSycTca noAyuaTb ccbuiKy Ha 3K3eMnjnip aiian hmoi o Tima, 
Hanpimep cc.;i h bbi xotmtc coxpaHHTb CTpyKTypbi Point b o6beKTe Tima ArrayList 
(oiipcAC.ien b npocTpaHCTBe iiMeH System.Collections). B KOAe sto bbir.iM/Uii npii- 
MepHo cAeAyiomiiM o6pa30M: 

// ObbBBnneM 3HannMbiii Tun 
struct Point { 

public Int32 x, y; 

} 


public sealed class Program { 
public static void Main() { 
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ArrayList a = new ArrayListQ; 

Point p; // Bbiae/ifieTCH naMATb p,n» Point (He b Kyne) 

for (Int32 i = 0; i < 10; i++) { 

p.x = p.y = i; // HHHpMa/iHBapHH mieHOB b HaweM 3HaHHM0M Tune 
a.Add(p); // ynaxoBKa 3HannMoro Tuna in Ao6aB/ieHne 

// ccbi/iKH b ArrayList 

} 


} 

} 

B Kaacnoii rTTcpauriri uiiKjia imimHajiH3iipyiOTCH nojiH 3HaHimoro Tima Point, nocjie 
Hero Point noMemaeTCH b ArrayList. 3anyMaeMCH, hto ace noMemaeTCH b ArrayList: 
caMa CTpyKTypa Point, anpec CTpyKTypbi Point hjih hto-to iiHoe? 3a otbctom obpaTiiMCH 
k MeToay Add Tima Array List h nocMOTpiiM onricanirc ero napaMCTpa. B namiOM cjiynae 
npoTOTHn MeTOna Add BbirjiHfliiT cjienyiomHM o6pa30M: 

public virtual Int32 Add(Object value); 

Orciona iin/nio, hto b napaMeTpe Add nojiacen nepenaBaTbcn run Object, to ecTb 
ccbijiKa (hjih yicaaaTC.Tb) Ha o6beKT b ynpaBJiHCMoii icyie. Onnaico b npimepe a iicpenaio 
nepeMCHHyio p, imeiomyio .maHiiMbirr Tim Point. Brobbi koh pa6oTaji, HyacHO npeobpa30- 
BaTb 3HaHHMbiii THn Point b o6beKT H3 ynpaBJiaeMoii icy in h nojiyniiTb Ha Hero ccbijiKy. 

/(jih npeo6pa30BaHim 3HaHiiMoro THna b ccbuiOHHbiii cjiyacnT ynaKoeua (boxing), 
npn ynaKOBKe 3K3CMnjiHpa a nan ri .worn THna npoiicxonnT cjienyiomcc. 

1. B ynpaiunievioii icyne BbinejiHeTCH na.vurrb. Ee o6bCM onpenejineTCH hjihhoh 3 HaHii- 
Moro THna h nny.vui /lo i i o.i i i i> i i i>i \i n HjieHaMH — yica3aTejieM Ha THnoBOii obneKT 
H I1II,T,(TCC0M 6jIOKa CHHXpOHII3an,HH. 3 th HJieHbl Heo6xOAHMbI HJIH BCeX OO'bCKTOII 

b ynpaBJiaeMoii icyne. 

2. I Iojih 3HaHHMoro THna KomipyiOTCH b na.vurrb, TOJibKO hto BbinejieHHyio b icy re. 

3. Bo.inpainaeTCM anpec obneicra. 3tot anpec hbjihctch cgmjikoh Ha obneKT, to ecTb 
3HaHHMbiii THn npenpainaeTcn b ccbuiOHHbiii. 

Kovninjurrop C# coanacT IL-koh, neobxonri.vibiii hjih ynaKOBKii aicxrvin./nipa 3 HaHii- 
Moro THna, airro.viaTnnecicii, ho bbi /lo. ivkiii>i nomiMaTb, hto npoiicxoHHT «3a KyjmcaMH» 
h noMHHTb 06 onacHOCTH <<pacnyxaHHH» icona h CHHaceHHH ii])ori;j iio/liitcjiiioct h. 

B npenbinymeM npimepe KOMnnjiHTop C# obHapyacnji, hto MeTony, TpebyiomeMy 
ccbuiOHHbiii Tim, b napaMeTpe i iepenaeTCH 3HaHHMbni Tim, h aBTOMaTiiHecKii coa/iyui koh 
hjih ynaKOBKii obneKTa. BejiencTBHe 3Toro nojiH 3iC3e.vin. ; ui|)a p 3HaHimoro THna Point 
b nepnoH BbinoniicniiH KomipyiOTCH bo BHOBb co3naHHbiii b icyne obneKT Point. I Iojiy- 
HeHHbiii anpec ynaKOBaHHoro obneKTa Point (Tenepb oto ccbuiOHHbiii THn) nepenaeTCH 
MeTony Add. ObneKT Point ocTaeTCH b icyne ho OHepenHoii ybopKii Mycopa. IlepeMeH- 
Hyio p 3HaHiiMoro Tima Point mohcho ncnojib30BaTb noBTopHO, TaK KaK ArrayList Hiinero 
o Heii hc 3HaeT. 3aMeTKre: BpeMH acH3Hii ynaKOBaHHoro 3HaHimoro THna npeBbimaeT 
BpeMH acH3Hii HeynaKOBaHHoro .nnanrivtom THna. 
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nPMMEHAHME 

B cociaB FCL bxoaht HOBoe mhokgctbo o6o6in,eHHbix K/iaccoB KomieKuni/i, n3-3a KOTopbix 
Heo6o6meHHbie icnaccbi KoaneKui/in cnmaiOTcn yciapeBiiiuMn. TaK, BMecTO K/iacca System. 
Collections.ArrayList c/ieflyeT ncno/ib30BaTb K/iacc System.Collections.Generic.List<T>. 
06o6meHHbie xnaccbi KO/uieKu,i/in bo mhotux OTHOinem/iHx coBepmeHHee cboux Heo6o6- 
meHHbixaHa/ioroB. B nacTHOc™, API-nHTepcpenc CTan acHee n coBepmeHHee, xpoMe Toro, 
noBbimeHa npou3BOAi/ue.nbHOCTb xnaccoB KOAJieKuni/i. Ho oaho 1/13 caMbix peHHbixy/iyniue- 
hum 3aK/iiOHaeTcn b npeAOCTaBjmeMoti o6o6Lu,eHHbiMi/i K/iaccaivin KO/uieKui/iti bo3mo>khoctu 
paSoiaTb c KO/i.neKLi,MflMn 3HannMbixTnnoB, He npn6eraa k HxynaKOBKe/pacnaxoBKe. OAHa 
3Ta ocoOeHHOdb no3BO/meT 3HaHHTe/ibHO noBbicnTb npon3BOAHTenbHOCTb, Tax xax pa- 
AnxaribHO coKpamaeTca huc/io co3AaBaeMbix b ynpaBjmeMon xyne odteKTOB, hto, b cboio 
onepeAb, coxpamaeT huc/io npoxoAOB cOopiAUKa Mycopa b npi/i/ioxeHi/iu. B pe3y/ibTaie 
oOecneHMBaeTCH 6e3onacHOCTbTunoB Haaiane KOMnmiHu,nn, a koa CTaHOBnTcn noHHTHee 
3a cneT coKpaiAeHua Hi/icna npi/iBeAOHi/ii/i TnnoB (cm. maBy 12). 


IIo3HaKOMiiBmHCb c ynaKOBKOH, nepefiAeM k pacnaKOBKe. /[oiivctum, b ApyroM MecTe 
KOAa i iy>K i fo naii. ic'ib nepBbiH oacmciit Macci-iBa ArrayList: 

Point p = (Point) a[0]; 

3/i.ccij ccbuiKa (hjih yKaaarcAb), co/tcpiKamaaca b .'aicmciitc c homcpom 0 MacciiBa 
ArrayList, noMcmacTca b nepeMeHHyio p aiia'inMoro THna Point. /(ah otoio Bee iio.im, 
coAepacaiuneca b ynaKOBaHHOM o6beKTe Point, iia/ 1,0 cKomipoBaTb b nepeMeHHyio p 
3HanHMoro THna, iiaxo/uiiHyioca b ctckc noTOKa. CLR isbiiio./nmeT 3Ty 11 poipyiypy b ab a 
9Tana. Ciianajia nab./ieicacTCM aApec noAeii Point H3 ynaKOBaHHoro oiTbCirra Point. 3tot 
npou,ecc Ha3biBaiOT pacnaKoeKou (unboxing). 3aTeM 3iia i iemui noAeii KonupyiOTCH H3 
KynH b OK.ac.vm./mp aiia'inMoro Tima, iiaxoAHiUHiicM b ctckc. 

PacnaKOBKa He hbahctch tohhoh ii jio innon o./io>kiioc-iijk > ynaKOBKii. OHa ropa3AO 
MeHee pecypco3aTpaTHa, hcm ynaKOBKa, h coctoht xaibKO b iiojiyicnnn vKaaaTCAH Ha 
HCXOAHblii 3HaUHMbIH Tlffl (nOAH Aailllliix), COACP/Kamriiica B OO'bCKTC. B CymHOCTH, 
yKa3aTeAb ccbuiaeTCH Ha HeynaKOBaHHyio nacTb ynaKOBaHHoro i i.iyipia, h HiucaKoro 

KonupoBamiH npn pacnaKOBKe (b OT/iirnie ot ynaKOBKii) He TpebycTOi. OAHaKO bcaca 
3a pacnaKOBKOii oobrmo isbiiio.iiiMCica KonupoBamie noAeii. 

IIohhtho, hto ynaKOBKa h pacnaKOBKa/KonupoBaHiie cmoKaiOT npoii3BOAHTeAb- 
HOCTb npiiAoaceHiiH (b nAaHe KaK aaMCAAemia, TaK h pacxoAOBamiH AonoAHiiTeAbHOii 
naMHTii), nooTOMy 11y> kii o 3HaTb, koiaa KOMmiAHTop caM co3AaeT koa Aam isbiiio. incima 
3 thx onepaitnii, h CTapaTbCH cbccth hx k MiiHiiMyMy. 

Ilpn pacnaKOBKe ynaKOBaHHoro Biia'in.viom THna nponcxoAHT CACAyiomee. 

1 . Ecah iiepe.vtemiaH, coAcp/Kamaa ccbiAKy Ha ynaKOBaHHbiii . 3 naan mi,i ii Tim, paBHa 
null, reHepupyeTCH HCKAioueHne NullReferenceException. 

2. Ecah ccbiAKa yKa3biBaeT Ha obueKT, He hbahioiiuihch ynaKOBaHHbiM 3HaueHHeM 
TpebyeMoro 3HanHMoro Tima, reHepiipyeTCH HCKAionemie InvalidCastException 1 . 


1 CLR TaKxce no 3 BOAaeT pacnaKOBHBaTb 3 HauiiMbie Timbi b Bepciuo 3 Toro xce Tima, noflAepxcn- 
Baioinyio npHCBoemie 3 HaueHHii null (cm. TAaBy 19). 
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H 3 BToporo nyHKTa c.tc/ivct, tio npHiic/iciiHbTH iih>kc koa He pa6oTaeT TaK, KaK 
xotcjioci) 6m: 

public static void Main() { 

Int32 x = 5; 

Object o = x; // ynaxoBKa x; o yi<a 3 biBaeT Ha ynaKOBaHHbiii o 6 beKT 

Intl6 y = (Intl6) o; // TeHepHpyeTca InvalidCastException 

} 


Ka3ajiocb 6bi, mo>i;iio Kiim, ynaKOBaHHbiii ;:)K3cmii. im|) Int32, Ha kotophh yKa3bi- 
BaeT o, h npuBCCTH k thiiv Intl6. O/piaico npn pacnaKOBKe o6beKTa aojiacho 6biTb bh- 
nojiHeHO iipiiiie/i,cmie k HeynaKOBaHHOMy thiiv (b HarneM cjiynae — k Int32). Bot KaK 
BbirjiHAHT npaBiuibHbiii napiiam : 

public static void Main() { 

Int32 x = 5; 

Object o = x; // ynaxoBKa x; o yi<a3biBaeT Ha ynaKOBaHHbiii o6beKT 
Intl6 y = (Intl6)(Int32) o; // PacnaKOBKa., a 3aTeM npinBefleHine Tuna 

} 


KaK a v>kc OTMC'ia.i, pacnaKOBKa 'iacTO conpoBOKnaercH KonupoBaHiieM nojieft. 
CjienyiomHH koh Ha C# neMOHCTpupyeT, hto onepau,iiii pacnaKOBKii h KonupoBaHim 
nacTO pa6oTaioT cobmoctho: 

public static void Main() { 

Point p; 
p.x = p.y = 1; 

Object o = p; // ynaxoBKa p; o yKa3biBaeT Ha ynaKOBaHHbiii o6beKT 
p = (Point) o; // PacnaKOBKa o in KonnpoBaHne no/ieii m 3 3K3eMn^«pa b CTeK 

} 


B nocnenHeii CTpoKe KOMmuiHTop C# reHepupyeT IL-KOMaHny ajih pacnaKOB- 
kh o (noav'iemie aapcca nojieii b ynaKOBaHHOM 3K3eMnjuipe) h eme o/piy I L-KOMan/iv 
HJiH KoraipoBaHiiH nojicii H3 kv'ih b nepeMeHHyio p, pacnojiaraiomyiocH b CTeKe. 
Tenepb nocMOTpHTe Ha cnenyiomiiH npiiMep: 

public static void Main() { 

Point p; 
p.x = p.y = 1; 

Object o = p; // ynaxoBKa p; o yKa3biBaeT Ha ynaKOBaHHbiii 3K3eMnnsp 

// M3MeHeHine nona x CTpyKTypbi Point (npncBoeHne smc/ia 2). 
p = (Point) o; // PacnaKOBKa o v\ KonmpoBaHne no/ieii m 3 3K3eMn/iapa 
// B nepeMeHHyio b CTeKe 

p.x = 2; // M3MeHeHine coctoshmh nepeMeHHoii b CTexe 
o = p; // ynaxoBKa p; o ccbmaeTCH Ha HOBbiii ynaKOBaHHbiii 3K3eMn/inp 

} 


Bo BTopoft uacTH iipii.vtepa iiV/Kno H3MeHHTb iio.ic x CTpyKTypbi Point C 1 Ha 2. /(./HI 
3toto m.mo. iimiOT pacnaKOBKy, Komipoisaimenojieii, H3MeHeHiie 11 o.t a (b ctckc) h yna- 
KOBKy (co3/i,aiomyio hobwh o6bCKT b ynpaBJiaeMoii Kyne). BepoaTHO, bh noHHMaeTe, hto 
B ee 3 th oncpaniiH o6M3aTC.Ti.no cKaa.biiiaioTCM Ha iipoiiaiio/piTe.TbiiocTii npiuioaceHira. 
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B HeKOTopbix H3biKax, HanpuMep b C++/CLI, paapemacTCii pacnaKOBaTb ynaKOBaH- 
Hbifi 3iia'in.vii)iii THn, hc Komipya iio. im. PacnaKOBKaB03BpamaeT a/i,pec HeynaKOBaHHOii 
nacTii ynaKOBaHHoro o6beKTa (/loi lo.a 1 1 iiic/./i i>i i i>ie m jici i i»i — yKa3aTejib Ha tihioboh o6beKT 
h hh/ickc 6jiOKa ciiHxpoHH3au,Hi-i — iii iio|:)iipy ioicm). 3aTeM, nciio.MbavM iio/iyieimiiiii 
yKa3aTenb, moacho MammynupoBaTb iio.thmh HeynaKOBaHHoro 3K3eMnjuipa (kotophh 
Haxo/iHTCH b ynaKOBaHHOM o6beKTe b Kyie). HanpuMep, pcajiH3anHM 11])n isc‘/i,c;111 io rr> 
Bbirne KO/taHa C++/CLI cymecTBeHHO noBbicHT ero npoH3BOAHTejibHOCTb, noTOMy 'no 
Bbl MOKeTe H3MeHIITb .31 la'ICI II1C 1 1 0.1 M X CTpyKTypbl Point B y>KC ynaKOBaHHOM 0K3CM- 
njiape Point. 3to ho3bojiht i-iaooicaTb KaK libiAC/iemoi iia.vnn m aom hoboto o6beKTa, 
TaK h noBTopHoro KonupoBaHiiH Bcex nojieii! 

BHMMAHME 

Ecjih Bbi xoth 6bi b Ma/iei/iLiieH CTeneHH 3a6oTHTecb o npon3BOAHTe/ibHOCTn CBoero 
npn/io>KeHnq, BaM Heo6xoAHMO 3HaTb, xorAa KOMnnamop C03AaeT koa, Bbino/iHHiOLAHH 
3Tnonepau.nn. Kcoxa/ieHHio, MHorne KOMnnamopbi HenBHO reHepnpyiOT koa ynaKOBKH, 
noaTOMy HHorAa 6biBaeT cjioxho y3Haib o nponcxoASLAen ynaKOBKe. Ectih MeHfl ashctbh- 
Te/ibHO BO/iHyeT npoH3BOAHTe/ibHOCTb npHJioxeHHn, a npn6eraio kT aKOMy hH dpyMeHTy, 
KaK ILDasm.exe, npocMaipHBaio IL-koa roTOBbix MeTOAOB h cmotpio, npncyTCTByiOT jih 
B HeM KOMaHAbl ynaKOBKH. 


PaccMOTpuM ein,e necKOJibKC npiiMepoB, /yMOiiCTpupy lomux ynaKOBKy h pacna- 
KOBKy: 

public static void Main() { 

Int32 v = 5; // Co3AaHne HeynaKOBaHHOii nepeMeHHoii 3HasnMoro Tuna o 

Object o = v; // yKa3biBaeT Ha ynaKOBaHHoe Int32, coflepxamee 5 
v = 123; // H3MeHaeM HeynaKOBaHHoe 3HaHeHne Ha 123 

Console.WriteLine(v + ", " + (Int32) o); // 0To6pa>KaeTCB "123, 5" 

} 

CKOJIbKO B 3T0M KO/I.C OIICpailMH ynaKOBKH H paCnaKOBKII? Bbl He IIOliCpilTC — IieJIbIX 
rpii! Pa3o6paTbCH b tom, tio 3/i.cci> iipoiicxo/pTr, HaM iiomoikct IL-koa mctoas Main. 
x lTo6bi 6bicTpee nairni OT/y.ibiibie oncpapHH, h cna6/i,n4 pacneuai Ky KOMMeHTapiiHMH. 

.method public hidebysig static void MainQ cil managed 

{ 

.entnypoint 

// Pa3Mep KOfla 45 (0x2d) 

.maxstack 3 

.locals init ([0]int32 v, 

[1] object o) 

// 3arpy*aeM 5 B v. 

IL_0000: ldc.i4.5 

IL_0001: stloc.0 

// ynaxyeM v n coxpaHfieM yKa3aTe/ib b o. 

IL 0002: ldloc.0 
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IL_00@3: box [mscorlib]System.Int32 

IL_0008: stloc.l 

// 3arpy>KaeM 123 b v. 

IL_0009: ldc.i4.s 123 

IL_000b: stloc.0 

// YnaxyeM v n coxpaHfieM b CTexe yxa3aTe/ib nnn Concat 
IL_000c: ldloc.0 

IL_000d: box [mscorlib]System.Int32 

// 3arpy>KaeM CTpoxy b CTex a/ih Concat 
IL_0012: ldstr ", " 

// PacnaxyeM o: 6epeM yxa3aTe/ib b none Int32 b CTexe 
IL_0017: ldloc.l 

IL_0018: unbox.any [mscorlib]System.Int32 

// YnaxyeM Int32 n coxpaHaeM b CTexe yxa3aTe/ib ana Concat 
IL_001d: box [mscorlib]System.Int32 

// Bbi3biBaeM Concat 

IL_0022: call string [mscorlibJSystem.String::Concat(object, 

object, 

object) 


// CTpoxy, B03BpameHHyra m 3 Concat, nepeaaeM b WriteLine 

IL_0027: call void [mscorlibJSystem.Console::WriteLine(string) 

// MeTOfl Main B03BpaupaeT ynpaBneHHe, n npnno)KeHne 3aBepwaeTca 
IL_002c: ret 

} // KoHeu MeTOfla App::Main 

Bna'iajic b CTeKe coa/iacTOi oicse.Yiii.nip v HeynaKOBaHHoro ana'iiiMom Tima Int32, 
KOTopoMy npiiCBaiiBaeTCH a hcjio 5. SaTC.vi coo/pictcm ipepe.vieimaa o THna Object, koto- 
paa HHHiiHajiH3HpyeTca yKa3aTejieM Ha v. O.inaico nocKOJibKy ccmio'im.ieTHnbi Bcerna 
HOJiacHH yKa3HBaTb Ha o6beKTbi b kv'ic, C# reHepupyeT cooTiseTcnsyiomiiii IL-koa 
naa ynaKOBKii v h 3aHOCHT aapec yiiaicoisaimoii «KonHH» v b o. Tenepb isemi'iima 123 
iiOMeiuaeTCii b HeynaKOBaHHbiii 3)iaaHMbiH ran v, ho sto He bjihmct Ha ynaKOBaHHoe 
aiia'ieime Tima Int32, KOTopoe ociacicn paBHbiM 5. 

/jajibme Bbi3biBaeTca MeTOA WriteLine, KOTopoMy HyacHO nepenaTb o6beKT String, 
ho TaKoro o6beKTa iict. Bypccto CTpoKOBoro o6beKTa mh HMeeM HeynaKOBaHHbiii 3K- 
3 Cm ii. i ap 3HaaHMoro rana Int32 (v), oobckt String (ccbuioaHoro Tima) h ccbuiKy Ha 
ynaKOBaHHbiii 3K3eMnjiap 3»iiami.viom THna Int32 (o), KOTopbiii iipiiiio.iinca k Heyna- 
KOBaHHOMy THny Int32. 3th 3. : icmchtp,i HyacHO KaK-TO o6T>c/unniTb, hto6m p pojpy’p pt./pctp 
o6beKT String. 

HTo6bi co3/i,aTb String, KOMniuiaTop C# cjiopMHpyeT ko/i,, b kotopom Bbi3biBaeTca 
CTaTHHecKHii .victo/i Concat o6beKTa String. EcTb HecKOJibKO neperpyaceHHbix Bepcnii 
3TOTO .VICTO/pl, pa3JIHHaiOmHXCa JIIIIHb 1(0.111'ICC'l liOM liapa.ViCTpOIS. IIoCKOJIbKy CTpOKa 
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4>opMHpyeTCH nyTeM KOHKaTeHauiiii Tpex ajieMeHTOB, komihuihtop Bbi6npaeT cjienyio- 
myio BepciiK) \iCTOxa Concat: 

public static String Concat(Object arg0, Object argl, Object arg2); 

B Ka'iccTiiC nepBoro napaMeTpa, arg0, nepenaeTca v. Ho v — 9to HeynaKOBaHHoe 
a.iia'ic'iiiic, a arg0 — 3 to hi la'ioii itc Object, no.3TO.viy ijiocmii./i^i]:> v i iv>k no ynaKOBaTb, 
a ero anpec nepe/uri'h b Ka'iecTise arg0. napaMeTpoM argl HBJiaeTca CTpoxa "," b ishac 
ccbuiKii Ha oij'bCKT String. H naKoiien, hto6m iiepe/unb napaMeTp arg2, o (ccbuiKa Ha 
Object) npiiBOflHTCH k THny Int32. /Jjih otoi'o ny>Kiia pacnaKOBKa (ho 6e3 KonupoBa- 
hiih), npii KOTopoii iiais.ieKaeTca axpec HeynaKOBaHHoro oiocmii. i>i pia Int32 BHyTpii 
ynaKOBaHHoro oi<3e\ni. : iapa Int32. 3 tot HeynaKOBaHHbni oiCiCMii.iap Int32 iia/i,o oiimtij 
ynaKOBaTb, a ero axpec b naMura nepe/UiTi) b KaaccTiie napaMeTpa arg2 mctoav Concat. 

Mctoa Concat Bbi3biBaeT MeTOAbi ToString /yia Kaacnoro yKa3aHHoro o6beKTa h bbi- 
nojiHHeT KomatTCiiannio ctpokobmx npe;i,CTaii./ieimii sthx o6beKTOB. Bo3BpamaeMbiii 
H3 Concat o6beKT String nepenaeTca 3aTeM MeTO/ty WriteLine, KOTopbiii OTo6paacaeT 
OKOHnaTejibHbiii pe3yjibraT. 

1 lojiyieiiiibiii IL-koa CTaHeT afjxjicicnimiec, ecun o6pameHiie k WriteLine nepe- 
imcarb: 

Console.WriteLine(v + ", " + o); // 0To6pa>KaeTCfl "123, 5" 

3tot BapnaHT CTpoKii OTjnriacTCM ot npeubmymero TOJibKO OTcyTCTBHeM ana nepe- 
MeHHoii o onepaiiHii npiTBC/ieiiHH THna (Int32). 3 tot koa BbinojiHaeTca 6biCTpee, Tax 
KaK o y>icc Mb.iacTCM ccbi.ioaiibiM ranoM Object h ero axpcc moacho cpa3y iiepc/xiTb 
MeTOAy Concat. OTKA3aBiHiicb ot npiiiicxciiiia THna, a ii36aiui./ica ot /nsyx onepaiinii: 
pacnaKOBKii h ynaKOBKii. B stom jierKO y6eAHTbca, ecjm 3aHOBO co6paTb npiuioiKcnnc 
h nocMOTpeTb Ha creHepupoBaHHbiii IL-koa: 

.method public hidebysig static void Main() cil managed 
{ 

.entrypoint 

// Pa3Mep KOfla 35 (0x23) 

.maxstack 3 

.locals init ([0] int32 v, 

[1] object o) 

// 3arpy*aeM 5 b v 
IL_0000: ldc.i4.5 

IL_0001: stloc.0 

// YnaKyeM v w coxpaHfieM yi<a3aTe/ib b o 
IL_0002: ldloc.0 

IL_0003: box [mscorlib]System.Int32 

IL_00@8: stloc.l 

// 3arpy*aeM 123 B v 
IL_0009: ldc.i4.s 123 

IL 000b: stloc.0 
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// YnaxyeM v m coxpaHfleM b CTexe yxa3aTe/ib p,nn Concat 
IL_000c: ldloc.0 

IL_000d: box [mscorlib]System.Int32 

// 3arpy>KaeM CTpoxy b CTex a/ih Concat 
IL_0012: ldstr ", " 

// 3arpy>Kaeivi b cTex aapec ynaxoBam-ioro Int32 p,nn Concat 
IL_0017: ldloc.l 

// Bbi3biBaeM Concat 

IL_0018: call string [mscorlibJSystem.String::Concat(object, 

object, 

object) 


// CTpoxy, B03BpameHHyra n3 Concat, nepeaaeM b WriteLine 

IL_001d: call void [mscorlibJSystem.Console::WriteLine(string) 

// Main B03BpamaeT ynpaB/ieHHe, neM aaBepwaeTCfi pa6oTa npn^OKeHun 
IL_0022: ret 

} // KoHep MeTOfla App::Main 

Bernoe cpaBHemie /psyx iiepcnii IL-Kona MCTo;i,a Main noKa3biBaeT, tio BapnaHT 6e3 
npi-iBencHim THna Int32 Ha 10 6aiir MeHbme, 'ic.vi i:a|)iianr c iipniKyiyiineYi THna. J{o- 
nojiHiiTejibHbie onepaiimi pacnaKOBKn/ynaKOBKii, 6e3yciiOBHO, npiiBOAHT k pa3pacTaHino 
Kona. Ecjih mm nofineM najibine, to yBHAHM, hto 3th onepau,HH noTpe6yiOT BbmejieHim 
naMHTii b ynpaBJiHeMoii icyne jij ih nonojiHHTeubHoro o6beKTa, KOTopyio b OynymeM aoji- 
aceH ocBo6o/iHTb y6opminc Mycopa. Kohchho, o6e Bepcrni npiiBO/piT k o/iHOMy pe3yjibraTy 
h pa3Hiiu,a b ckopocth iieaaMCTiia, 0 / 1,1 laico .inmime oiiepamin ynaKOBKii, m.iiio. iiiMCMbie 
MHoroKpaTHO (Hanpimep, b pinoie), MoryT 3aMeTHO noBJiiiHTb Ha ii])on:i uo/i,ii'[(‘.ti>iioc i i> 
iipmioxceiina h pacxo/i,oiiaiiiie naM/rni, 

npeubmyuiHH koa mo5kho yuynmiiTb, h3mciihb bh30b MeTona WriteLine: 

Console.WriteLine(v.ToString() + ", " + o); // 0To6pa>KaeTCH "123, 5" 

/[. : m HeynaKOBaHHoro ana/mMOio THna v Tenepb 111 , 1 : 11,1 naerca mcto/i, ToString, bo 3- 
BpamaiOHiHH String. CTpoKOBbie o6'i,einT,i micimiotoi cci,i.io'iiii,imii TiinaMH h MoryT 
jierKO nepe/i,aiiaTi,CM b mcto/i, Concat 6e3 ynaKOBKii. 

Bot eme 0,11111 npHMep, Ae.YioiiC'rpii|)yioimin ynaKOBKy h pacnaKOBKy: 

public static void Main() { 

Int32 v = 5; // Co3flaeM HeynaxoBaHHyio nepeMeHHyio 3HaHMMoro Tuna 

Object o = v; // o yxa3biBaeT Ha ynaxoBaHHyio Bepcmo v 

v = 123; // H3MeHHeT HeynaxoBaHHbiii 3HaHMMbM Tun Ha 123 

Console.WriteLine(v); // 0To6pa>KaeT "123" 

v = (Int32) o; // PacnaxoBbiBaeT m xonwpyeT o b v 

Console.WriteLine(v); // 0To6pa>KaeT "5" 

} 
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CKOJibKO oncpannH ynaKOBKii bbi iiac'iina.m b 3tom Koae? IIpaBHjibHO — o/uiy. 
JXeno b tom, 'no b KJiacce System.Console oniican .vicraa WriteLine, npHHHMaiomHH 
b Ka'icci ise napaMeTpa ran Int32: 

public static void WriteLine(Int32 value); 


B noKa3aHHbix paHee Bbi30Bax WriteLine iiepcMCimaa v, iiMCiomaa HeynaKOBaHHbiii 
31 lanuMbiH Ti-m Int32, nepeaaeTca no 3HaneHino. Bo3mo»cho, rae-TO y ce6a WriteLine 
ynaicyeT sto aiia'iemie Int32, ho TyT yac mriem He 1 10 /i.cjiacii 11 >. DiaBHoe — mm caeaaan 
to, hto ot Hac aaiuice.To: y6panH ynaKOBKy H3 CBoero Koaa. 

IIpHCTajibHO h3i.imi[vh Ha FCL, mo'/KTio 3aMeTHTb, 'no MHonie neperpyaceHHbie Me- 
TOAbiHcnojib3yiOT b ica'iecTise napaMeTpoB aiia'iiiMbie THnbi. TaK, THn System.Console 
npe/u'iaracT HecKOJibKO neperpyaceHHbix BapiiaHTOB MCToaa WriteLine: 


public static void 
public static void 
public static void 
public static void 
public static void 
public static void 
public static void 
public static void 
public static void 
public static void 
public static void 
public static void 


WriteLine(Boolean); 
WriteLine(Char); 
WriteLine(Chan[]); 
WriteLine(Int32); 
WriteLine(UInt32); 
WriteLine(Int64); 
WriteLine(UInt64); 
WriteLine(Single); 
WriteLine(Double); 
WriteLine(Decimal); 
WriteLine(Object); 
WriteLine(String); 


AHajioniHHbiH Ha6op neperpyacemibix Bepciiii ecTb y MeToaa Write Traia System. 
Console, y Meraaa Write rana System. 10. BinaryWriter, y MeraaoB Write h Write¬ 
Line rana System. 10.TextWriter, y Meraaa AddValue rana System.Runtime.Se- 
rialization.Serializationlnfo, y MeraaoB Append h Insert Traia System.Text. 
StringBuilder it t. a. BojibiniiHCTBO sthx mcto.tois n mcct iic pci py> k c 11111 >ie Bepcrai 
TOjibKO 3aTeM, MTOObi yMCUbmiiTb KOjiimecTBO onepaiiiiH ynaKOBKii ana Han6ojiee nacTO 
iicii().Tb3yeMbix .Miia'iiiMbix TimoB. 

EcjIH Bbi OlipCaC.THTC Co6cTBeHHbIH 31 [Jl'l IT Mb! ii THn, y 3THX FCL-KJiaCCOB He 6y/l,CT 
cooTBeTCTByiomeH iieperpyacemioii Bepcrai ana Barnero Tiraa. Boaee toto, ana paaa 
.Miia'iiiMbix TiinoB, y>KC cymecTByiomiix b FCL, HeT iiepeipyacemibix BepcHH yica3aH- 
hmx MeToaoB. Eca n BM3biBHTb MeToa, y KOToporo HeT neperpyaceHHoii Bepcrai ana 
nepeaaBaeMoro liiia'iiiMoro rana, pcay.ibTaT b koiiciiiom HTore 6yaeT oaira — bm30b 
neperpyaceHHoro Meraaa, npHHHMaiomero Object. IIepeaa'ia aiia'iitvioio rana KaK 
Object npiiBeaeT k ynaKOBKe, tio OTpimaTeabHO CKaaceTca Ha iipoiiaisoaincjibiiocTii. 
OnpeaeaHH co6cTBeHHbiii Kaacc, mojkho 3aaaTb b hcm o6o6meHHbie MeToabi (bo3mo»cho, 
coaepacamne napaMeTpbi Tima, KOTopbie mh.tm iotch 31lann m bi.vm THnaMii). Onooineima 
no3BOJiaiOT onpeaeaiiTb MeToa, npiraiiMaiomrai jno6oii 3HaniiMbiH THn, He Tpe6ya npii 
3tom ynaKOBKii (cm. raaBy 12). 

H iiocTC/uiee, ti o KacaeTca ynaKOBKii: ecan bm 3HaeTe, tio Bam Koa 6yaeT nepnoaii- 
aecKii :iac'[aii.TMTb KOMnnaaTop ynaKOBbraaTb KaK0ii-T0 aiia'iiiMbiii THn, moscho yMeHb- 
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rniiTb o6beM h noBbiciiTb 6bicTpo/iCHCTBHC CBoero KOAa, BbinojiHiiB ynaKOBKy 3Toro Tima 
iipy'iity io. Bai.iaiime Ha CACAyiomiiii npimep. 

using System; 

public sealed class Program { 
public static void Main() { 

Int32 v = 5; // Co3flaeM nepeMeHHyio ynaKOBaHHoro 3HannMOro Tuna 
#if INEFFICIENT 

// npn KOMnunflunn c^eflymmefi CTpoKM v ynaxyeTca 
// TpM pa3a, pacxoflyn m BpeMfl, w naMHTb 
Console.WriteLine("{0}, {I}, {2}", v, v, v); 

#else 

// C^eflymmue ctpokm flaiOT tot *e pe3y/ibTaTj 

// ho Bbino/iHHiOTCfl HaMHoro 6biCTpee m pacxoflyiOT MeHbuie naMHTH 
Object o = v; // YnaxyeM BpysHyio v (TO/ibKO eflMHO>Kflbi) 

// ripn KOMriM/lFlUMH CneflyiOllieM CTpOKH KOfl ynaKOBKM He C03AaeTCB 
Console.WriteLine("{0}, {1}, {2}", o, o, o); 
ttendif 
} 

} 

EcjIII KOMniUIIipOBaTb 3T0T KOA C OnpenejieHHblM CHMBOJIHHeCKHM IIMeHeM 
INEFFICIENT, KOMnHJIHTOp C03AaCT KOA, TpHJKAbl BbinOJIHHIOmHH ynaKOBKy V H Bbl- 
Ae/miomnii na.vun P) b kymc a ah Tpex ooijCKtob! 3to oco6eHHO pacTomiTeubHO, TaK KaK 
Kaacnuii o6beKT 6yneT coAepacaTb oaho 3HaneHiie — 5. Ecjih Ace KOMmijmpoBaTb koa 6e3 
onpeAejieHHH ciiMBOJia INEFFICIENT, ana'icnnc v 6yaeT ynaKOBaHO TOJibKO pa3 h TOJibKO 
oahh o6beKT 6yAeT pa3MemeH b Kyne. 3aTeM npn o6pameHini k Console.WriteLine 
TpHACAbl I[Cpe/UICTCH CCbUIKa Ha 0/1,1111 H TOT >KC ynaKOBaHHblH OO'bCKT. BTOpofi BapnaHT 
BbinojiHHeTca HUMH020 6biCTpee h pacxo/yycT MeHbme iia.vunTi b kv'ic. 

B 3thx npHMepax /iobo/ii.iio jierKO onpeAeAHTb, r/i,c iiv/ktio ynaKOBaTb 3K3eMnjuip 
3HaHHMoro Tima. IIpocToenpaBiuio: ecjiH iiy/Kiia ccbuiKaHa3K3eMnjiap aiia'in.Mom Tima, 
3tot 3K3CM i i. iti ])/LOJiTicci i 6 biTb ynaKOBaH. Ofibrmo ynaKOBKa bbiiio. iimc'ioi, Koi/ia i la.to 
nepe^aTb anaoHMbiii ran mctoav, Tpe 6 yiomeMy ccbi. io'iiibiii THn. O/inai/o MoryT 6 biTb 
h Apyme CHTyaiiini, KOiyia Tpe 6 yeTCH ynaKOBaTb 3K3eMnjiap aiia'iii.viom THna. 

IloMHHTe, mm roBopiuiH, hto HeynaKOBaHHbie aiia'iiiMbie Timra «jieme» ccbi/io'iin.ix, 
nocKOJibKy: 

□ na.vuiTb b ynpaBAHeMofi byte hm He uijI/lcjitictcj-i; 

□ y hhx hct AonojiHiiTe/ibHbix hjichob, npucymiix KaacAOMy o6beKTy b Kyne: yKa3aTejm 
Ha THnOBOH o6beKT H lllMCKCa O/IOKa CHHXpOHH3aiIHH. 

IlocKOJibKy HeynaKOBaHHbie 3HamiMbie Timra He h.vktot iiibtCKca 6.10 i/a cimxpoHii- 
3aH,HH, TO He MO/ICCT 6 bITb H HeCKOJIbKIIX nOTOKOB, CHHXpOHII3IipyiOmHX CBOH AOCTyn 

k 3K3eMnjnipy nepe3 MeTOAbi Tima System.Threading .Monitor (haii imcTpyKiiiiH lock 
H3bIKa C#). 
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Xoth HeynaKOBaHHbie .'ina'iiiMbic thiii.i nc u.yktot yicaaaTe.TH Ha THnoBoii o6 - beKT, bm 
B ee paBHO MoaceTe Bbi3biBaTb BiipTyajibHbie MCTO/yi (Tarae, KaK Equals, GetHashCode 
hjih ToSt ring), yiiacjic/aiiiaiiiii.ic hjih npeeonpenejieHHbie sthmTH noM. Ecjih Bam3Ha- 
HHMblH Tim liepCOIipC/l,C. : l>ICT 03 , 1 'IH IT3 3THX BHpTyajIbHbIX MeTOHOB, CLR MO/ICCT BbI3BaTb 
MeTOA HCBiipTyajibHO, noTOMy hto 3HamiMbie Timbi HeuBHO 3aneHaTbiBaiOTCJi h nosTOMy 
He MoryT BbiCTynaTb 6a30BbiMH i<. ; iacca.vin apyrux thhob. KpoMe toto, aK.ae.viiump 3Ha- 
hhmoto Tima, iicnojib3yeMbiH /lya Bbi30Ba liiipTya. ibiiom mcto/pi, He ynaKOBbreaeTca. 
Ho ecjiH Bame iicpeoiipc/tc-ieniie BiipTyajibHoro mcto/ui Bbi3biBaeT peajiii3aii,Hio stoto 
M eTO/i,a H3 6a30Boro Tima, oioe.viii. i^i]) ana'iiiMOio Tima ynaiaiisbiisacTca npii Bbi30Be 
peajiH3aii,HH 6a30Boro Tima, hto6m b yKa3aTejie this 6a30Boro mcto/pi nepenaBajiacb 
CCbUIKa Ha OO'bCKT b icyie. 

Bmcctc c T6M bh30b HeBiipTyajibHoro yHacjieaoBaHHoro MeTO/ia (TaKoro, KaK GetType 
hjih MemberwiseClone) Bcerna Tpe6yeT ynaKOBKii 3HaHiiMoro Tima, TaK KaK 3 th mctoah 
onpe/i,ejieHbi b System.Object, noaTOMy mctoah oacimaiOT, hto b apryivreHTe this nepe- 
AaeTCH yKa3aTejib Ha o6beKT b i<yie. 

KpoMe toto, ii|)iiisc/i,ciine HeynaKOBaHHoro 3K3eMnjuipa aiia'iiiMoro THna k o/uiomv 
h3 HHTepcjieHCOB 3TOTO THna Tpe6yeT, hto6h oicie.vm.Tap 6bui ynaKOBaH, TaK KaK hh- 
TepcjieHCHbie nepeMeHHbie Bcerna /lojivkiii,i conepacaTb ccbuiKy Ha o6beKT b icyie. (06 
HHTepcjieHcax cm. rjiaBy 13.) CKa3aHHoe inuHOCTpiipyeT cjic/lv ioi i i u ii ico/p 

using System; 

internal struct Point : IComparable { 
private Int32 m_x, m_y; 

// KoHCTpyKTopj npocTO MHMLina/in3npyioiiiMM nonfl 
public Point(Int32 x, Int32 y) { 
m_x = x; 

">_y = y; 

} 

// nepeonpefle/iaeM MeTOfl ToString, yHac/iefloBaHHbiii ot System.ValueType 
public override String ToStringQ { 

// Bo3BpamaeM Point KaK CTpoKy (BbBOB ToString npeflOTBpamaeT ynaKOBKy) 
return String.Format("({0}, {1})", m_x.ToStringQ, m_y.ToStringQ); 

} 

// Be3onacHafl b OTHOweHnu TunoB pea/iu3aLiMH MeTOfla CompareTo 
public Int32 CompareTo(Point other) { 

// Hcnoab3yeM TeopeMy nin<|>aropa p,n» onpene/ieHinfl tomkm, 

// Han6o/iee yfla/ieHHoii ot Hana/ia KOopanHaT (0, 0) 
return Math.Sign(Math.Sqrt(m_x * m_x + m_y * m_y) 

- Math.Sqrt(other.m_x * other.m_x + other.m_y * other.m_y)); 

} 

// Pea^M3aunB MeToaa CompareTo uHTep^efica IComparable 
public Int32 CompareTo(Object o) { 
if (GetTypeQ != o.GetTypeQ) { 
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throw new ArgumentException("o is not a Point"); 

} 

// BbBOB 6e3onacHoro b OTHomeHnn TunoB MeTOfla CompareTo 
return CompareTo((Point) o); 

} 


public static class Program { 
public static void MainQ { 

// Co3flaeM b CTexe flBa 3K3eMnnapa Point 
Point pi = new Point(10, 10); 

Point p2 = new Point(20, 20); 

// pi HE naxyeTCfl p,nf\ Bbi30Ba ToString (BnpTya/ibHbm MeTOfl) 
Console.WriteLine(pl.ToStringQ); // "(10, 10)" 

//pi nAKyETCfl p,nn Bbi 30 Ba GetType (HeBkipTya/ibHbm MeTOfl) 

Console.WriteLine(pl.GetType()); // "Point" 

// pi HE naxyeTCB p,nn Bbi 30 Ba CompareTo 

// p2 HE naxyeTca, noTOMy hto Bbi3BaH CompareTo(Point) 

Console.WriteLine(pl.CompareTo(p2)); // "-1" 

// pi nAKyETCfl, a ccbmxa pa3MemaeTca b c 
IC omparable c = pi; 

Console.WriteLine(c.GetType()); // "Point" 

// pi HE naxyeTCB p,nn Bbi30Ba CompareTo 

// nocKO/ibxy b CompareTo He nepeflaeTca nepeMeHHaa Point, 

// BbBbiBaeTca CompareTo(Object), xoTopoMy HyxHa ccbmxa 
// Ha ynaKOBaHHbiii Point 

// c HE naxyeTca, noTOMy hto ywe ccbmaeTCH Ha ynaxoBaHHbiii Point 
Console.WriteLine(pl.CompareTo(c)); // "0" 

// c HE naxyeTca, noTOMy hto ywe ccbmaeTcs Ha ynaxoBaHHbiPt Point 
// p2 nAKyETCfl, noTOMy hto BbBbiBaeTcn CompareTo(Object) 

Console.WriteLine(c.CompareTo(p2));// "-1" 

// c naxyeTCH, a no/iH xoniipyiOTCfl b p2 
p2 = (Point) c; 

// y6e*flaeMCH, hto no/ia cxonnpoBaHbi b p2 
Console.WriteLine(p2.ToString());// "(10, 10)" 

} 


B 3tom ripii.vtepc /tCMonripiipycTCTi cpa3y iiccko.ti.ko ciieHapneB iiohc/ichiih Ko/pt, 
CBH3aHHoro c ynaKOBKOii/pacnaKOBKofi. 

□ Bbi30B ToString. IIpii Bbi30Be ToString ynaKOBKa pi He Tpe6yeTCH. Kasajioa, 6bi, 
THn Pi AOJiaceH 6biTb ynaKOBaH, TaK KaK T oStning — MeTO/p yHacjienoBaHHbiii ot 6a- 
30Boro Tima, System.ValueType. 06mhho jum Bbi30Ba BupTyaaibHoro Merana HyaceH 
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yKa3aTejib Ha TiinoBoii o6 - beKT, a nocKOJibKy pi hbjihctch HeynaKOBaHHbiM 3HaHHMbiM 
THnOM, TO HeT CCbIJIKH Ha TlfflOBOH OO'bCKT Point. 0/1,1 laifoj I 'I- KOM11 HJI MTOp BHflHT, 
hto MeTO/i, ToStning nepeonpe/i,ejieH b Point, h co3/i,aeT koa, KOTopbiii HanpHMyio 
(i[cmipTya.Ti>i[0) Bbi3biBaeT ToStning. KoMmuiHTop 3HaeT, [ rro nojiHMopcj)n.a.vi 3/i.ccb 
HeB03M05KeH, KOJIb CKOpO Point HBJIHCTCH 3HaHHMbIM THnOM, a /ilia 1 1II.VI bic THnbI He 
MoryT npiiMeHHTbCH /yin Apyroro rana b KanecTBe 6a30Boro h no-/i,pyroMy peajm- 
30BbiBaTb miprya/ibiibiii vicio/i,. Ejih 6bi mcio/i, ToStning H3 Point bo BHyTpeHHeii 
peajni3aH,HH isbi.i i>i iia./i base.ToStning(), to 3K3e.vm.THp aiia'iiiMom iniia 6bui 6bi 
ynaKOBaH npn Bbi30Be MeTO/i,a ToStning THna System.ValueType. 

□ Bbi30B GetType. IIpii Bbi30Be HeBiipTya/ibHoro vieTO/ia GetType ynaKOBKa pi He- 
o6xo/i,HMa, nocKOJibKy ran Point He peajni3yeT GetType, a Hac/ieayeT ero ot System. 
Object. I loDTO.Yiy yiy h Bbi30Ba GetType i iv>kcii yKaaaiejib Ha ranoBOii o6beKT Point, 
KOTopbiii mO/Kiio iio/iyniTb TOJibKO nyTeM ynaKOBKii pi. 

□ IlepBbiH Bbi30B CompareTo. I Ipii nepBOM Bbi30Be Compa neTo ynaKOBKa pi He i i vno ia, 
Tax KaK Point peajiH3yeT Mera/i, CompaneTo, h KOMniuiHTop MoaceT npocTO Bbi3BaTb ero 
HanpHMyio. 3aMeTbTe: b CompaneTo nepe,a,aeTCH nepeMCHHaH p2 rana Point, nosTOMy 
KOMniuiHTop Bbi3biBaeT neperpyaceHHyio Bepcmo CompaneTo, KOTopaH npiiHiiMaeT 
napaMeTp rana Point. 3to oana/iacT, mto p2 iiepe/ycTCM b CompaneTo no .siia'temi io, 
h HHKaKoft ynaKOBKii He Tpe6yeTCH. 

□ IIpriBC/ieiinc THna k IComparable. Koraa BbinojiHHeTCH ii])iino/i,cii hc Tima pi k nepe- 
MeHHoii nnTcpcjiciiciioi o THna (c), ynaKOBKa pi iicooxo/niMa, TaK KaK nmepijieiicbi 
no mipe/yjicimio imeiOT ccbuiomibiH ran. 1 Iostomv isbiim. iiiacrcH ynaKOBKa pi, 
a yKa3aTejib Ha otot ynaKOBaHHbiii o6beKT coxpaHHeTCH b nepeMCHHOii c. Cjie/iyioiiuiii 
Bbi30B GetType no/i,'mcp>K/i,acT, [ ito c /leiicTiuiTC/ibiio ccbuiaeTCH Ha ynaKOBaHHbiii 
o6beKT Point b Kyne. 

□ Biopofl Bbi30B CompareTo. IIpii btopom Bbi 30 Be CompaneTo ynaKOBKa pi He npo- 

h3boahtch, noTOMy hto Point peajni3yeT mcto/i, CompaneTo, h komhhjihtop mohcct 
B bi3biBaTb ero HanpHMyio. 3aMeTbTe, tio b CompaneTo iiepe/piCTCM i[cpc.vici 11 saxi c 
iiHTepcfieiica ICompanable, noaTOMy KOMniuiHTop Bbi3biBaeT neperpyaceHHyio Bepcmo 
CompaneTo, KOTopan npiiHiiMaeT napaMeTp THna Object. 3 to 03HanaeT, hto nepe/i,a- 
BaeMbiii napaMeTp /pui/Ken hbjihtbch yKa3aTejieM, ccbuiaiomiiMCH Ha OO'bCKT b Kyie. 
K oiacTbio, c v>kc ccbuiaeTCH Ha ynaKOBaHHbiii o6beKT Point, no ./noii npumnic 
anpec naMHTH H3 c mohcct nepe,a,aBaTbCH b CompaneTo h HiiKaKoii ,a,onojiHHTejibHoii 
ynaKOBKii He Tpe6yeTCH. 

□ Tperaft Bbi30B CompareTo. Ilpn TperaeM Bbi30Be CompaneTo nepe.viemiaH c yace 
ccbuiaeTCH Ha ynaKOBaHHbiii o6be kt Point b Kyie. IIocKOJibKy nepeMeHHaH c caMa 
no ce6e n mcct iiiiTcpiJieiicnbiii ran ICompanable, mo/ktio Bbi3biBaTb TOJibKO mcto/i, 
CompaneTo HHTep4)eiica, a eMy Tpe6yeTCH napaMeTp Object. 3to 03HanaeT, hto nepe- 
/laiiacMbiii apryvienT / 1 , 0.1 >icen 6biTb yKaaaTCJie.vt, ccbuiaiomHMCH Ha o6beKT b Kyie. 
I Iootomv Bbino/iHHeTCH ynaKOBKa p2 h yKa.3aTC./ib Ha otot ynaKOBaHHbiii o6beKT 
iiepc/tacTCM b CompaneTo. 
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□ npHee/jemie THna k Point. Kor^a BbinojiHHeTCH npHBeneHHe c k THny Point, 06b- 
eKT b Kyne, Ha KOTOpbiii yKa3biBaeT c, pacnaKOBbiBaeTcn, h ero nojin KonHpyiOTCH H3 
KyHH B P2, ;:)i(3CMii. iMp THna Point, iiaxo/iaiiiiiik'M b ctckc. 

IloHiiMaio, 'ito bch 3Ta h ncjiop.viai in h o ccijI.io'1 iii>[ x h 3iia'iii.\ii,ix THnax, ynaKOBKe 
h pacnaKOBKe 11011 a 1 laxiy imiraa/inr ycTpamaiome. H Bee ace aioooii paapaoo'i 'i 11 k, CTpe- 
mhuihhch k /],ojirocpoHHOMy ycnexy Ha hiibc .NET Framework, noaaceH xopomo ycBOiiTb 
3TH nOHHTIIH — TOJIbKO TaK MOaCHO HayHIITbCH 6bICTpO H JICrKO C03/I,aBaTb 3(J)(|)eKTIIBHbie 
npruioaceHHH. 


M 3 MeHeHne no/ieu b ynaxoBaHHbix 3 HaHUMbix 
mnax nocpeflCTBOM nHTepcJjePicoB (u noneiviy 
SToro Jiynme He Ae/iaTb) 

IIocMOTpHM, HacKoabKO xopomo Bbi ycBOHJiii TeMy 3HaHiiMbix TimoB, ynaKOBKii h pacna- 
kobkh. B.ii.ihiiiitc Ha cae/iyiomiiii npiiMep: MoaceTe an bbi CKa3aTb, tio 6y/|CT m>ii«y|Ciio 
Ha KOHeoab b cjie/iyiome.vi cayaae. 

using System; 

// Point - 3HaHMMblM Tun. 
internal struct Point { 
private Int32 m_x, m_y; 

public Point(Int32 x, Int32 y) { 
m_x = x; 

m _y = y; 

} 

public void Change(Int32 x, Int32 y) { 
m_x = x; m_y = y; 

> 

public override String ToStringQ { 

return String.Format("({0}, {1})", m_x.ToString(), m_y.ToString()); 

} 

} 

public sealed class Program { 
public static void Main() { 

Point p = new Point(l, 1); 

Console.WriteLine(p); 

p.Change(2, 2); 

Console.WriteLine(p); 


Object o = p; 


npodojiwemie & 
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Console.WriteLine(o); 

((Point) o).Change(3, 3); 

Console.WriteLine(o); 

} 

} 

Bee npocTo: Main co3naeT b ctckc 3K3eMnjiap p Tima Point h ycTaHaBjiimaeT ero nojia 
m_x h m_y paBHbiMH 1. 3aTeM p naKyeTCH js,o nepBoro o6pameHira k MeTOny WriteLine, 
KOTopbiii Bbi3biBaeT ToStning pj .ih ynaKOBaHHoro Tima Point, b pe3,y. : ii;raTC bhboahtch, 
KaK h oacHnanocb, (1,1). 3aTeM p npiiMemieTCH juw Bbi30Ba mcto/ki Change, KOTopbiii 
H3MeHHeT .iiia'ieiniM no/ieii m_x h m_y o6beKTa p b ctckc Ha 2. I Ipn btopom o6pameHiin 
k WniteLine, KaK h npennojiarajiocb, bhbouhtch (2, 2). 

/(a./iee p ynaKOBbreaeTCH b TpeTHH pa3 — o ccbuiaeTca Ha ynaKOBaHHbiii o6beKT THna 
Point. IIpn TpeTbeM o6pameHim k WriteLine CHOBa bbibouhtch (2, 2), hto omiTb 
BnojiHe O/icn/uic.Yio. H HaKOHeu,, h o6pamaiocb k .viCTO/iy Change ,vim na.vieneniiM nojieii 
b ynaKOBaHHOM o6beKTe Tima Point. Meacny TeM Object (ran nepeMeHHOH o) minero 
He «3HaeT» o mcto/ic Change, TaK tio CHanajia iiv'/KTio npiiBecTii o k Point. IIpii TaKOM 
npiiBeneHiiii THna o pacnaKOBbiisacTOi, h noun ynaKOBaHHoro o6beKTa Tima Point 
KomipyiOTCH bo BpeMeHHbiH oo'bCKT THna Point b ctckc noTOKa. I Iojih m_x h m_y stoto 
BpeMeHHoro o6beKTa ycTaHaBJiimaiOTCfl paBHbiMH 3, ho 3to o6pamemie k Change He 
BJiiiaeT Ha ynaKOBaHHbiii o6beKT Point. I Ipii o6pameHiin k WriteLine cnoBa bmboahtoi 
(2, 2). JXjix mhotiix paa.paooT'iiiKois sto OKaabiiiaeTCM iico'/KitTaiiiibiM. 

HeKOTOpbie >I3bTKH, HanpiIMCp C++/CLI, n03B0JIHI0T II3MeHHTb nOJIH B ynaKOBaHHOM 
3HaHHMOM THne, HO TOJIbKO He C#. 0/1,1 laico H C# MO'/KTIO o6MaHyTb, npiIMeHIIB IIHTep- 
cjiciic. Bot MOAHcjHmiipoBaHHaa Bepcira npeubmymero Kona: 
using System; 

// HHTep<|)eiic, onpeflenmominii MeTOfl Change 
internal interface IChangeBoxedPoint { 
void Change(Int32 x, Int32 y); 

} 

// Point - 3HaMMMbiPi nun 

internal struct Point : IChangeBoxedPoint { 
private Int32 m_x, m_y; 

public Point(Int32 x, Int32 y) { 
m_x = x; 

m_y = y; 

} 

public void Change(Int32 x, Int32 y) { 
m_x = x; m_y = y; 

> 

public override String ToStringQ { 

return String.Format("({0}, {!})", m_x.To_String(), m_y.ToString()); 
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} 

} 

public sealed class Program { 
public static void Main() { 

Point p = new Point(lj 1); 

Console.WriteLine(p); 

p.Change(2, 2); 

Console.WriteLine(p); 

Object o = p; 

Console.WriteLine(o); 

((Point) o).Change(3j 3); 

Console.WriteLine(o); 

// p ynaKOBbiBaeTCSj ynaKOBaHHbiii o6beKT n3MeHneTcn n ocBo6o>KflaeTCfl 
((IChangeBoxedPoint) p).Change(4, 4); 

Console.WriteLine(p); 

// ynaKOBaHHbiii o6beKT MBMeHneTca n BbiBOAUTca 
((IChangeBoxedPoint) o).Change(5, 5); 

Console.WriteLine(o); 

} 

} 


3tot koa iipaicni'iccKii coiiiiaxacT c npeAMAymuM. Ochobhoc OTAiimic aaKJiKraeTca 
b tom, hto mctoa Change onpeACAHeTca iiHTepcjieiicoM IChangeBoxedPoint h Tenepb Tim 
Point peajiH3yeT stot hiii epijpeiic. Biiyppii Main nepBbie neTbipe Bbi30Ba WriteLine Te 
ace caMbie h bmboaht Te ace pe3yjiKraTbi ('no h c.iCAOisaio oacHAaTb). O/pnaico b KOHen, 
Main a Ao6aBHji napy npimepoB. 

B nepBOM npiiMepe p — HeynaKOBaHHbni o6beKT Tima Point — iipnBO/piTCM k Tuny 
IChangeBoxedPoint. TaKoe iipnisexciiiie Tima Bbi3biBaeT ynaKOBKy p. Mctoa Change 
Bbi3biBaeTca /yia ynaKOBaHHoro aiia'icmiM, h ero noaa m_x ii m_y CTaHOBHTCH paBHbiMii 4, 
ho npii B03BpaTe H3 Change ynaKOBaHHbiii o6beKT neMC/uieiiiio c iaiioiiiTPca aoctv1111p,i. vi 
Aah y6opKii Mycopa. TaK mto npii nuTOM o6pameHiin k WriteLine Haaicpaip isi.iiso/i,pitch 
(2, 2) , hto ajih MHonix Heoacii aahho. 

B iioc./ie,TiiCM npimepe ynaKOBaHHbiii mn Point, Ha KOTopwii ccbuiaeTCH o, npii- 
liOAii'PCH k THny IChangeBoxedPoint. YnaKOBKa 3Aecb He iipoiiaisoAiiTCH, nocKOJibKy 
THn o yace ynaKOBaH. 3aTeM np>i.i p>i nacTCs-p mctoa Change, KOTopbiii iiaMCiiMCT iio.ih m_x 
h m_y ynaKOBaHHoro Tima Point. HHTepcjieiicHbiii mctoa Change i io.iiio./ppi.t MHe H3Me- 
HiiTb nojiH ynaKOBaHHoro o6beKTa THna Point! Tenepb npii o6pameHiin k WriteLine 
BbIBOAHTCH (5, 5). H 111) IP IJC.;i 3TH npHMepbl, HTo6bI npOAeMOHCTpiipOBaTb, KaK MeTOA 
iiHTepcjieiica MoaceT H3MeHiiTb iio.ih b ynaKOBaHHOM ana 1 in. mom THne. B C# cxc.iaTb sto 

6e3 IIIITCpcjlcik'Oli lie.Ib.SH. 
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BHMMAHME 

PaHee b stom maBe a OTMena/i, hto 3HaHHMbie TMnbi AO/ixHbi 6biTb HeM3MeHneMbiMM, to 
ecTb B3HaHMMbixTunaxHeTib3n onpefle/iaTb H/ieHbi, KOTopbie n3MeHniOTKaKMe-jnn6o norm 
3K3eMn/inpa. cpaKTunecKM a peKOMeHAOBan, htoOw TaKMe no/ia b 3HannMbix Tunax noMena- 
jii/icb cneu,nct3HKaTopoM readonly, HTobbi KOMnn/inTop coo6iam/i o6 OLun6Ke, ecnn Bbi BAPyr 
cnynaMHO Hanmume MeTOA, nbiTaioiAMMca MOAMcJrMpMpoBaTbTaKoe none. npeAbiAyiMni^ 
npniviep iok He/ib3n nyHice mintocTpnpyeT 3to. noKa3am-ioe b npmviepe HeoxMAaHHoe 
noBeAeHne nporpaMMbi nponB/ineicn npn nonbiTKe Bbi3BaTb MeTOAbi, M3MeHmoiAne norm 
3K3eMnnnpa 3HaHHMoro Tuna. Ec/n/i nocne C03AaHnn 3HannMoro Tuna He Bbi3biBaTb Meio- 
Abi, M3MeHmoiAne ero cocTonHne, He B03HMKHeT HeAopa3yMeHMM npu KonnpoBaHnn norm 
b npopecce ynaKOBKn m pacnaKOBKM. Ec/im 3HanMMbii/i Tun HeM3MeHneMbiti, pe3ynbTaTOM 
6yAeT npocToe MHoroKpaTHoe KonnpoBaHne oahoto m toto xe coctohhmh, nosTOMy He 
B03HHKHeT HenoHMMaHi/in Ha6niOAaeMoro noBeAeHnn. 

HeKOTopbie rnaBbi stom khmtm h noKa3an pa3pa6oTHHKaM. no3HaKOMMBi±iMCb c npmviepaMn 
nporpaMM (Hanpniviep, m3 3Toro pa3Aena), ohm CKa3anM, hto peaiM/in AepxaTbca noAa/ib- 
LLie OT 3H3HMMblX TMnOB. flO/IXeH CKa3aTb, HTO 3TM He3HaHMTe/lbHbie HIOaHCbl 3H3HMMblX 
TMnOB CTOMJ 1 M MHe MHOTOAHeBHOM 0T/13AKM, nOSTOMy H M OnMCblBaiO MX B 3T0M KHMTe. 
HaAeiocb, Bbi He 3a6yAeTe 06 stmx HioaHcax, TorAa ohm He 3acTMTHyT Bac Bpacnnox. He 
dOMTeCb 3HaHMMblXTMnOB — OHM nO/ie3Hbl M 3aHMMaiOT CBOIO HMLiiy. npOCTO He 3a6blBaMTe, 
HTO CCblJlOHHbie M 3H3HMMbie TMnbl BeAyT Ce 6 n nO-pa3HOMy B 3aBMCMMOCTM OT TOTO, KaK 

npMMeHHioTCH. Bo3bMMTe npeAbiAymnM koa m o6bHBMTe Point xax class, a He struct — 
yBMAMTe, hto Bee nonyHMTcn. 1/1 HaKOHep, paAOCTHan HOBOCTb 3aKniOHaeTCH b tom, hto 
3HanMMbie TMnbi, coAepxaLpnecn B6M6nnoTeKe FCL— Byte, Int32, Ulnt32, Int64, Ulnt64, 
Single, Double, Decimal, Biglnteger, Complex m Bee nepenMC/iMMbie TMnbi, — hb/ihiotch 
HeM3MeHneMbiMM m He npenoAHOCHT hmk8kmx ciopnpM30B. 


PaBSHCTBO M TO>KfleCTBO oSteKTOB 

L lacro pa3pa6oTAHKaM npiixo/uiTCM cos/iaisaTi) koa cpaimcims-i o6beKTOB. B lacTHOCTH, 3to 
IIC o6)XO;i,ll.\10, KOTAa o6'beKTbI paPMCIpaiOTCH B K'O.T.TCKIIIIMX H TpcSyCTCM nilCaTb KOA AAH 
COpTI-ipOBKII, nOIICKa H CpaBHeHIIH OTACAbHblX .OACMCIITOB B KO./LTCICHIIII. B 3TOV1 pa.3ACAC 
paccKaniaiiacTOi o paBeHCTBe h tojkacctisc o6beKTOB, a TaiGtce o tom, KaK oiipcAC.TM’i b 
THn, KOTopbin npaBHJibHO peajiH3yeT paBeHCTBO o6beKTOB. 

y Tima System.Object ecTb BiipTyaAbHbiii mctoa Equals, KOTopbifi B03BpamaeT 
true aah AByx «paBHbix» o6beKTOB. Bot KaK bmitihaht pca/iriaapiui MeTOAa Equals 
aah Object: 

public class Object { 

public virtual Boolean Equals(Object obj) { 

// Ec/im o6e cch/ikm yKa3biBaiOT Ha oamh m tot >Ke o6beKT, 

// 3HaHMTj 3TM 06beKTbl paBHbl 
if (this == obj) return true; 

// npeflno/iaraeMj hto o6beKTbi He paBHbi 
return false; 

} 

} 
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Ha nepBbifi lionm/i ora pcajiH3auii>T Bbirjiii/iHT Bnojme pa3yMHo: cpaBHimaiOTCJi /pic 
ccbuiKii, nepe/i,aHHbie b apryMemrax this h obj, h ec./i n ohh yKa3biBaiOT Ha 0 , 1,11 n oo'beicr, 
B03BpamaeTCH true, b npoTHBHOMc/iynaeB03BpamaeTCH false. 3 to KaaceTca./lom'iiibi.M, 
TaK KaK Equals «noHHMaeT», hto o6beKT paBeH caMOMy ce6e. O/uiaico ec/iu apryMeHTbi 
ccbuiaiOTCH Ha pa3Hbie o6beKTbi, Equals cjioacHee onpe/iejiHTb, co/iepacaT jih o6beKTbi 
o/qiiiaifoiibie ana'iemm, no.9TO.vty BOOFspamacTCii false. Hna'ic roBopa, OKa3biBaeTca, 
hto CTaii/i,ap'maM peajinoanua MCTO/ia Equals rana Object peajiH3yeT npoBepKy Ha 
ToacaecTBO, a He Ha paBeHCTBO ona'iemiii. 

KaK BH/iHTe, npiiBC/iemiaa 3/ieci> cian/iapinaa pea.;i 11 . 3 anus-i mncy/ia He io/ihtoi. 
11 pofuie.via Fie.vic/uiemio c raiioiiiriCM o'iciiii/iiioii, ctoht BaM iio/iy.via'ib 06 uepapxHax 
HacjieAOBaHHH KJiaccoB h npaBiuibHOM iicpcoiipc/icjicnHti Equals. Bot KaK /lojnsoia 
aeHCTBOBaTb npaBHJibHaH peajiii3aH,iiH Mera/ta Equals: 

1. Ecjih apry.viem obj paBeH null, BepHyTb false, TaK KaK hcho, hto TCKyintiii o6beKT, 
yKa3aHHbifi b this, He paBeH null npn Bbi30Be HecTaranecKoro .weio/ia Equals. 

2 . Ecjih apryMeHTbi obj h this ccbuiaiOTCH Ha o 6 beKTbi 0,1,11010 Tima, BepHyTb true. 
3 tot mar iiomo/kct noBbiciiTb r 1 ]) 0 no/Lii rcjibiloci tj. b cjiynae cpaBHeHim oobeicmii 

C MHOrOHHCJieHHbIMH nOJIHMH. 

3. Ecjih apryMeHTbi obj h this ccbi.iaiOTCM Ha o6beKTbi pa3Horo THna, BepHyTb false. 
noHHTHO, mo pe3yjibTaT cpaBHeHiia oSbcktob String 11 FileStream paBeH false. 

4. CpaBHiiTb Bee onpe/tcjiemibie b nine .dic;:icmii .1 ji|>[ i i>i 0 iio./im o6beKTOB obj h this. 
Ecjih xoth 6h 0 / 1 , 11 a napa nojieii He paBHa, BepHyTb false. 

5. Bbi3BHTb mcto/i Equals 6a30Boro Kjiacca, hto 6 m cpaBHiiTb onpe/iejieHHbie b HeM 
nojia. Ecjih mcto/i, Equals 6a30Boro Kjiacca BepHyji false, Toace BepHyTb false, 
b npoTHBHOM c/iynae BepHyTb true. 

y^HTbiBaa 3 to, KOMnaHiiH Microsoft /lOJiacHa 6buia 6bi peajni30BaTb mcto/i, Equals 
THna Object iipii.Yicpno TaK: 

public class Object { 

public virtual Boolean Equals(Object obj) { 

// CpaBHMBaeMbm o6beKT He MOxeT 6biTb paBHbiM null 
if (obj == null) return false; 

// 06beKTbi pa3Hbix TunoB He MoryT 6biTb paBHbi 
if (this.GetType() != obj.GetType()) return false; 

// Ec/im Tnnbi o6beKTOB coBnaflaioT, B03BpamaeM true npu ycnoBUM., 

// hto Bee mx nona nonapHO paBHbi. 

// Tax xax b System.Object He onpeae/ieHbi noiia, 

// cneayeT CHMTaTb., hto no/ia paBHbi 
return true; 

} 

} 

O/maifo, nocKOJibKy b Microsoft mcto/i, Equals peajiH30BaH uiia'ie, npaBHjia co6- 
CTBeHHoii peajiH3an,HH Equals HaMHoro cjioacHee, hcm ica>KCTCH, Ecjih Bam ran nepe- 
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onpe/tejuieT Equals, nepeonpe/i,ejieHHaH Bepcira MeTO/i,a AOJUKHa Bbi3biBaTb peajiii3aunio 
Equals 6a30Boro KJiacca, ecjra TOJibKO He ii. iaiiupycTCM Bbi3biBaTb pcajiii3auiiio b rune 
Object. 3 to 03iia i iacT eme h to, tio nocKOJibKy ran mo/icct nepeonpe/iejiHTb mcto/i 
E quals rana Object, stot mcto/i, 6ojibme He mo/icct Hcnojib30BaTbCH /yia npoBepKii Ha 
Toac/iecTBeHHOCTb. /(jih HcnpaBJieHiiH CHTyau,HH b Object iipc/iycMcnpcu cia'iii'icciaiii 
MeTO/i ReferenceEquals co cjie/iyiomHM npoTOTHnoM: 

public class Object { 

public static Boolean ReferenceEquals(Object objA, Object objB) { 
return (objA == objB); 

} 

} 

/(jih npoBepKii Ha TO/K/iecmemiocTb ny/icno iscer/ia Bbi3biBaTb ReferenceEquals (to 
ecTb 1 1ponepuTb Ha npe/i,MeT toto, othochtch jih /psc ccbuiKH k aiiio.viy o6beKTy). He 
ny/icno uci ioji i>30m<it ij onepaTop == H3biica C# (ec/iH TO/ibKO nepe/i, sthm o6a onepaH/i,a 
hc npiiBO/i,HTCH k THny Object), TaK KaK ran o/uiora 113 onepaHAOB mo/icct neperpyacaTb 
3 tot onepaTop, b pe3yjibTaTe Hero ero ceMaHTHKanepecTaeT cooTBeTCTBOBaTb iioiihthio 

«TO/K/I,eCTBeHHOCTb». 

KaK Bii/i,HTe, b o6jiacTH paBeHCTBa h Toac/iecTBeHHOCTH b .NET Framework /icjia 
ooctomt/ lobo. ibiio C.TO/KUO. KcTara, b System. ValueType (6a30B0M KJiacce Bcex3 1 ia [ in- 
Mbix THnoB) mcto/i, Equals THna Object nepeonpe/i,ejieH h KoppeKrao peajni30BaH a jih 
npoBepKii Ha paBCHCTBO (ho hc TO/KAecTBCHHOCTb). BHyTpeHHH peajui3ariHH nepeonpe/i,e- 
jieHHoro MeTO/i,a pa6oTaeT no cjie/iyiomeH cxeMe: 

1. Ecjih apryMeHT obj paBeH null, BepHyTb false. 

2. Ecjih apryMeHTH obj h this ccbuiaiOTCH Ha o6beKTH pa3Horo Tima, BepHyTb 
false. 

3. /(jih ica/ic/iom 3K3eMnjiHpHoro nojiH, onpe/icjieimoro thhom, cpaBHHTb .ma'iennc H3 
o6beKTa obj co oiia'ienucM 113 o6beKTa this bh30bom MeTO/i,a Equals nojiH. Ecjih 
xoth 6bi o/iiia napa nojieii He paBHa, BepHyTb false. 

4. BepHyTb true. Mera/i, Equals THna ValueType He Bbi3biBaeT o/uioiiMcmibiii mcto/i: 
THna Object. 

/(jih BbinojiHemiH mara 3 b MCTO/i,e Equals Tima ValueType iicnojib3yeTCH OTpa/KCHiie 
(cm. rjiaBy 23). TaK KaK OTpaacei ilie b CLR pa6oTaeT mc/utciiiio, npii co3/iaHHH co6ctbch- 
Horo ana'iHMom Tima ny/icno nepeonpe/tejiiiTb Equals h co3/i,aTb cboio peajiH3an,ino, 
HTo6bI nOBbICHTb npOH3BO/I,HTejIbHOCTb CpaBHCHHH .aiia'ICIIHH Ha npeAMeT paBeHCTBa 
3K3eMnjIHpOB C03/I,aHH0r0 Tima. H, KOHeHHO HCe, He CTOHT BbI3bIBaTb H3 3TOH peajIH3ai];HH 
mcto/i; Equals 6a30Boro KJiacca. 

Onpe/i,ejiHH co6cTBeHHbiH Tim h npiiHHB pememie nepeonpe/iejiHTb Equals, o6e- 
cncibTC iio/i/iep/icicy nci bipex xapaKTepiiCTiiK, npucymux paBeHCTBy: 

□ PeiJiJieKCHBHOCTb: x.Equals(x) aojijkho B03BpamaTb true. 

□ CHMMeTpHHHOCTb: x. Equals(y) h y. Equals (x) aoji/khm B03BpamaTb oaho h to 


ace .inane line. 
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□ TpaH3HTHBHOCTb:ecjiHx.Equals(y) B03BpamaeTtrueiiy.Equals(z) B03BpamaeT 
true, to x. Equals (z) TaKace AOAamo B03BpamaTb true. 

□ IIoctohhctbo: ecAii b /usyx cpaBHHBaeMbix aiia'iemi hx He npoii30iHAO H3MeHeHHH, 
pe3yjibTaT cpampeiiiiM to>kc He AOAX<eii ii3Mei[m p>CM. 

OTCTynneHiie ot sthx npaBHA npn coa/paiiuit co6cTBeHHofi pcaAnaanmi Equals 
rpo3HT ii(‘ii|)c/i,CKa3ycMP)iM ii(me;i,ci[iiCM npiiAoaceHim. 

IIpn nepeonpe/i,ejieHiiH MeTOAa Equals MoaceT noTpe6oBaTboi BbinoAHiiTb hcckoabko 
A onojiHiiTejibHbix onepauiiii. 

□ PeajiH30BaTb b THne MeTOA Equals HHTeptJjeftca System.IEquatable<T>. 3tot 
ooooineimi.iii iimcppjpciic no3BOJuieT oiipc/te. : iiiTb 6e3onacHbiii b OTHomeHim thhob 
M eTOA Equals. 06biHHO Equals peaAH3yiOT TaK, hto, npiiHiiMaH napaMeTp Tuna 
Object, koa MeTO/i,a Bbi3biBaeT 6e3onacHbiii b OTHomeHim TimoB mctoa Equals. 

□ IIeperpy3HTb mcto/ibi onepaTopoB == h !=. Oop.i'iiio koa peaAii3aii,iiii sthx onepa- 
TOpHblX MeTOAOB BbI3bIBaeT 6e30naCHbIH B OTHOmeHIIII THnOB MeTOA Equals. 

Ecjiii npeAnojiaraeTCH cpaBHimaTb 3K3eMnjiapbi co6cTBeHHoro Tima aah i pejieii copTii- 
poBKii, peKOMeHAyeTCH TaKace peajni30BaTb mctoa CompareTo Tima System. Icomparable 
ii 6e3onacHbiii b OTHomeHim ranoB mctoa CompareTo rana System. IComparable<T>. 
Peajni30BaB 3 th mctoam, MoacHO peajni30BaTb mctoa Equals TaK, hto6h oh Bbi3biBaji 
CompareTo THna System.IComparable<T> h B03Bpamaa true, ecjiH CompareTo bo 3- 
BpaTHT 0. Ilocjie peajni3aii,iiii mctoaob Compa reTo TaKace aacto Tpe6ycTCM neperpy3iiTb 
MeTOAbi pa3AimHbix onepaTopoB cpaBHeHim (<, <=, >, >=) h peaAH30BaTb koa sthx 
M eTOAOB TaK, hto6h oh Bbi3biBaA 6e3onacHbiii b OTHomeHim THnoB MeTOA CompareTo. 


XeiU-KOAbl o6T»eKTOB 

Pa3pa6oTmiKii FCL pemiiAii, hto 6buio 6bi Ape3BbmaHHO noAe3HO imeTb B03Moac- 
HOCTb Aonaii.'ieiiiia b xcm-Ta6. : iiiiii>i jno6bix 3K3»CMii. : iM|X)ii jho6mx thhob. C stoii ne.iiuo 
b System .Object BKAKmeH BiipTyajibHbiH mctoa GetHashCode, iioano. iHioiuuii Bbmiic- 
AiiTb /i,./i 'A Aio6oro o6beKTa p i,e jpo>i n cjp e ipppi>p ii (Int32) xem-KOA. 

T’cjiii Bbi oiiiieACjiMC'ic Tim h iiepeoii|)e/i,e. : iMC'ic mctoa Equals, bbi aojiachm nepe- 
oiipcAe.'iii'ib h MeTOA GetHashCode. Ec.i 11 npii onpe/iexiciin 11 Tima pp cpco i p[ pc/icjipipPj 
TOA bKO oaiih H 3 sthx MeTOAOB, KOMniiAHTop C# BbiAacT p i])C/[,yippeac/p,ei P PIC. HanpHMep, 
npii KOMniiAHuiiii npeACTaBAeHHoro Aajiee koaa hohbhtch npeAynpeacAeHiie: warning 
CS0659: ’Program' overrides Object. Equals (Object o) but does not override 
Object.GetHashCodeQ ('Program' nepeonpeAeaneT Object.Equals(Object o), ho 
He nepeonpeAeAHeT Object.GetHashCode()). 

public sealed class Program { 

public override Boolean Equals(Object obj) { ... } 

} 
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npHHHHa, no KOTopofi b Time noaincHbi 6biTb onpeneaieHM o6a .vicro/ia — Equals 
h GetHashCode, — coctoht b tom, hto peaaiH3an,iiH tit no is System. Collections. 
Hashtable, System.Collections .Generic .Dictionary naiio6bixnpyruxKoaiaieKpHH 
TpeSvcT, 'no6bi aiya paBHbix o6beKTa HMeani o/uuiaKoisbie 3iiaHcuu>T xem-KOflOB. IIo- 
3TOMy, nepeonpeneauni Equals, i iv>kiio nepeonpeneaiHTb GetHashCode h o6eciie'im b 
cooTBeTCTBi-ie a.iropiri.via, npn.vieime.vioi o /uia isbi'incjieiiua paBeHCTBa, aairopriTMy, 
Hcnojib3yeMOMy rj ih m,i'iiic.;iemiM xem-KOna o6beKTa. 

IIo cyTH, Kor/i,a bbi ,o,o6aBaiHeTe napy <<KJiion-3HaneHiie» b KoaiaieKiiino, nepBMM 
BbinncjiaeTCH xem-Kon ic. iicria. Oh yica3biBaeT, b KaKOM «cerMeHTe» 6 v/i,ct xpaiuiTbca 
napa < l K'. ; iio'i- 3 iia i ieim( , >>. Kor;i,a kojijickuhh Tpe6yeTcn iiaii ru hckhh km ion, OHa bh- 
HHCJiHeT /lym Hero xem-Ko/i,. Xem-Kon onpc/i,e.aacT «cerMeHT» noncKa ii.vieiomeroca 
b Ta6jniu,e ic. no'ia, paBHoro aa/i.aiiiioMy. npiiMeHemie axom aairopHTMa xpaiicnna h 
noncKa kx i lo'ieii oonauacT, hto ecani bbi H3MeHiiTe xpaHHmiificji b kojtjtckuhh k.i ion 
o6beKTa, KOjuieKH,HH 6ojibme He CMoaceT Haimi 3tot o6beKT. Ecani bbi HaMepeHBi 
H3MeHHTb KJiiOH o6beKTa b xein-Ta6aiim,e, to cuanana ynaaiHTe iiMeiomyiocfl napy 
<<KjnoH-3HaneHiie>>, .Yto/oicjiimiipyinc k.iiom, a 3aTeM nooanbTC b xein-Ta6anm,y HOByio 
napy <<KJnon-3HaneHiie». 

B onpeneaieHHiiMCTO/taGetHashCode HeT oco6bixxiiTpocTeii. O/iHaKOnara HCKOTopbix 
THnoB yaimbix h hx paciipc/tcjiemia b naMiiTH 6biBaeT HenpocTO no/i,o6paTb aairopHTM 
xcmiipobaiiiiM, KOTopbifi isbi/uusaai 6bi xoporno pacnpeneaieHHbiii /piauaaou aiiancnnH. 
Bot npocTofi aairopHTM, Henaioxo no,a,xo,zi,HmHH naia o6beKTOB Point: 

internal sealed class Point { 
private readonly Int32 m_x, m_y; 
public override Int32 GetHashCode() { 

return m_x A m_y; // HcK/nonaicmee HUM a/in m_x n m_y 

} 


Bbioupaa aairopHTM bbi'mcaiemin xein-KOAOB /l./im . 3icic.vii i. i aipioi! CBoero THna, CTa- 

paiiTCCb cjienoBaTb onpeneaieHHbiM iipaismia.vt: 

□ Meno.ii,;sylire aairopHTM, KOTopbifi /pier c.iyiaiiiioe pacnpc/iyaieiiiic, noBbimaiomee 

npoii3BOHHTejibHOCTb xeni-TaSaraiibi. 

□ AairopHTM MoaceT Bbi3biBaTb mcto/ 1, GetHashCode 6a30Boro Tuna h Hcnoaib30BaTb 
B03BpamaeMoe hm 31 [anemic, o/uiaiai b o6meM caiynae aiynme 0TKa3aTbcn ot Bbi30Ba 
BCTpoeHHoro MeTona GetHashCode naia Tima Object hjih ValueType, Taic KaK 3 th pea- 
jiii3an,HH odia/yuoT HH3K0H iipoiianoouTeaibiiocTbio aairopHTMOB xemiipoBaHiiH. 

□ B a.ibopiiTMC noaiacHO ncnoaib30BaTbCH KaK MHHHMyM o/qio 3K3eMnjmpHoe none. 

□ I loam, iiciio.ib 3 ycMbie b aairopiiTMe, b n/ica.ac He noanscHbi iia.YieimTbon, to ecTb ohii 
; 1,0.1 >k iii)i HHimHajiH 3 HpoBaTbCH npn coa/piim u o 6 beKTa h coxpaiiMTb ananemie b Te¬ 
nd me Bcefi ero > 101 . 31111 . 

□ AairopHTM noaiaceH 6biTb MaKciiMaaibHO 6biCTpbiM. 
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□ 06-beKTbi c o/uinaKoiiiiiM .iiia'ieiine.M AOAacHbi B03BpamaTb o/uiiiaKoiibie KOAbi. Ha- 
npimep, ABa o6beKTa String, coAepacamiie OAimaKOBbiii tckct, aoaachm B 03BpamaTb 
oaho isiia'iemie xem-KOAa. 

Pca. : in3anna G et Ha s hCod e b System.Object iiiiaero <<He3HaeT» onpoii3BOAHbix Timax 
h hx iio.iMx. I lomo.viy 3 tot MeTOA B03BpamaeT thcao, OAii03iia'ino iiAeirrn())iiiiii|)yioiuee 
o6beKT b npeAeAax Aoviena iipii.io>i(emiii; npn stom rapaHTHpyeTca, tto sto thcao He 

II3MeHHTCH Ha 11 pOTM/KCI III11 BCeii ACII3HH o6beKTa. 

BHMMAHME 

Ecjim bw B 3naucb 3a coGcTBeHHyio peann3au,nio xeuj-Ta6/imj, i/iah numeTe koa, b kotopom 
6yAeT Bbi3biBaTbca MeTOA GetHashCode, hhkotaa He coxpaHaMTe 3HaieHHH xem-KOAOB. 
Ohh noAeepxeHbi n3MeHeHnnM b cnny CBoePi npnpoAbi. HanpnMep, npn nepexoAe 
k c/ieAytoiAefi Beponn Tuna a/iropHTM BbNnc/ieHnn xeai-KOAa oOteicra MOxeT npocro 

M3MeHHTbCH. 

3Haio KOMnaHMio, KOTopaa nponrHopnpoBa/ia 3 to npeAynpe>KAeHne. noceTHTenn ee 
Be6-caMTa C03AaBann HOBbie yieTHbie 3anncn, Bbi6npaa hmb no.nb30BaTe.nn h naponb. 
CTpoxa (String) naponn nepeAaBanacb MeTOAy GetHashCode, a nonyneHHbm xeuj- 
koa coxpaHnncn b 6a3e AaHHbix. B AanbHeniueM npn BxoAe Ha se6-cam noceTHTeni/i 
yKa3biBann cbom naponb, KOTopbm CHOBa o6pa6aTbiBancn MeTOAOM GetHashCode, 
h nonyneHHbiM xem-KOA cpaBHHBancn c coxpaHeHHbiM b 6a3e AaHHbix. npn coBnaAeHnn 
nonb30BaTe/iio npeAOCTaBnnncn AOdyn. K Hecnadbio, nocne oGHOBJieHnn Bepcnn CLR 
MeTOA GetHashCode Tuna String n3MeHnncn n CTan B03BpaiAaTb APyron xeixi-KOA- 
Pe3ynbTaT OKa3ancn nnaneBHbiM — Bee nonb30BaTenn noTepnnn AOCTyn k Be6-caPiTy! 


npMMMTMBHbm Tun AaHHbix dynamic 

5l3biK C# o6eclien n nacT 6e3onacHOCTb TimoB AaHHbix. 3to oaiianacT, tio Bee Bbipa- 
aceHim pa3pemaiOTCH b 3K3eMnAap Tima n KOMmiAHTop reHepupyeT to.ti,ko tot koa, 
KOTopbiii CTapaeTCH npeACTaBHTb oncpaniiii, npaBOMepHbie a a a ashhoto Tima AaHHbix. 
npeiiMymecTBO ot iicnaTi,3()BamiM n.sbiica, oGeciicinnaioiuero6e3onacHOCTbTimoB AaH¬ 
Hbix, 3aKjnoHaeTCH b tom, tio eme na 3Tane komiih.t a huh ooiiapy/KiiiiacTCM Mii()>Kecmo 
oihii6ok nporpaMMiipoBaHim, tto noMoraeT nporpaMMiicTy CKoppeKTiipoBaTb koa nepeA 
ero iibiii0.11 ir 111 le.vi. K TOMy ace npn noMomii noAo6Hbix h3mkob nporpaMMiipoBamiH 
moacho nojiyiaTi, oo.iee 6biCTpbie npiiAoaceHim, noTOMy tto ohii pa3pemaiOT 60.11,1 ne 
AonymeHini eme Ha 3Tane komiiii.tmiiiiii ii 3aTeM nepcisoATi stii AonymeHiin b h3hk IL 
hah MeTaAaHHbie. 

OAHaKO B03MoacHbi HenpiwTHbie CHTyaniiH, B03HHKaiomHe H3-3a Toro, tto nporpaMMa 
AOAacHa ni,ii 10.11 1tit,cm Ha ocHOBe HH(j)opMau,Hii, iiCAOCTymioii ao ee n 1 , 1110.11 ici i nn. Ecah 
B bi ncnoAb3yeTe H3biKii nporpaMMiipoBaHim, o6cciic'iiiiiaioiniie 6e3onacHOCTb AaHHbix 
(HanpiIMep, C#) A-TM B3aiIMOAeHCTBHH C 3TOH HH(j)OpMaHHCiT, CIIHTaKCIIC CTaHOBIITCH 
rpoM03AKHM, oco6eHHO b CAyTae, ecAii Bbi pa6oTaeTe c MHoacecTBOM ctpok, b pe3yAb- 
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TaTe npoii3BOAHTejibHOCTb npn. io>KCiiiui ila/tacT. Ecjiii bm niinieTe npmioaceHHe Ha 
«HHCTOM» M.'SblKC C#, IPCIPpil HTHSH CHTyaUJl 'A MO/KCT IIOACTCpeiaTb BaC TOAbKO BO lipCM 'A 
pa6oTbi c iii[())op.\iaii,iicii, onpc/i.c./HiCMOi'i Ha oxaiic m.mo. memiM, Koiyta bh iiciiojipjsvctc 
OT paaceHiiH (cm. rjiaBy 23). O/uiaico MHorae pa3pa6oT'tnicii picpio. pp>;jvpo p TaiGice C# RJia 
CBH3HcKOMnoHeHTaMH, Hepea. : iii30iiaiiiii)iMii Ha C#. HeKOTopbieH33 thx KOMiioipemoii 
MoryT 6biTb HaniicaHbi Ha ;i,iiiiaMii'ieci<iix M3P>ii<ax, Hanpimep Python hjih Ruby, hjih 
6bITb COM-o6b6KTaMH, KOTOpblC nOAAepJKHBaiOT IT I PPC|)f})C lie IDispatch (B03M05KH0, 
peajiH3OBaHHbiii Ha C hjih C++), hjih o6n>e kpjtmpi moacah DOM (Document Object 
Model), peajiii30BaHHbiMH npn noMomu pa3Hbix h3mkob h TexHOAoniii. BsaiiMOAeiiCTBiie 
c DOM-o6beKTaMH ocooeiiiio nojie3HO /p,ji^i iiocipoeiiiiM Silverlight-npHjioaceHHH. 

/(ah toto 'ito6p>i odjieruiiTb pa3pa6oTKy npii noMomu 0'ipa>Keiiiiii hjih KOMMymi- 
Kau,iiH c ApyriiMii KOMnoHeHTaMH, KOMniijiHTop C# npeAJiaraeT noMeuaTb THnw KaK 
dimaMimecKue (dynamic). Bm TaKace MoaceTe 3anncbiBaTb pe3yjibTaTbi BbiuiicjieHiiH bh- 
paaceHini b nepeMeHHyio h noMeTHTb ee THn KaKflHHaMHuecKHH. 3aTeMAiuiaMii'tccKoe 
BbipaaceHiie (iiepe.vK'imaM) MoaceT 6biTb Hcnojib30BaHO a ah BM30B0B 'uieipoii KJiacca, 
HanpHMep noAH, CBOHCTBa/iiHAeKcaTopa, MeTOAa, AeaeraTa, hjih yHapHbix/dimapHbix 
onepaTopoB. Koraa Bam koa Bbi3biBaeT hjich KJiacca npii noMomu AHHaMimecKoro Bbipa- 
aceHim (nepeMCHHOii), KOMmiAHTop C03AaeT cneiHiaAbHbiii IL-koa, KOTopbiii omicbiBaeT 
acejiaeMyio onepauino. 3 tot koa Ha3biBaeTCH nojie3HOU Hazpy3Kou (payload). Bo BpeMH 
BbinojiHemmnporpaMMbi oh onpeAejiaeT cymecTByiomyio onepaumo /i,./i h isi.iiiojiipeiiiiM 
Ha ocHOBe AencTBiiTejibHoro THna odneKTa, Ha KOTopbiii ccbuiaeTca AHHaMiraecKoe bh- 
paaceHiie (iicpc.vieiPiiaH). 

CjieAyiomHH koa noncHneT, o 'pc.vp tpaci' peub: 

internal static class DynamicDemo { 
public static void Main() { 
dynamic value; 

for (Int32 demo = 0; demo < 2; demo++) { 

value = (demo == 0) ? (dynamic) 5 : (dynamic) "A"; 
value = value + value; 

M(value); 

} 

} 

private static void M(Int32 n) { Console.WriteLine("M(Int32): " + n); } 
private static void M(String s) { Console.WriteLine("M(String): " + s); } 

} 

I Iocjic BbinojiHeHim MeroAa Main iiojiy'tacTCM cjie/i,yioiniiii peayjibiaT: 

M(Int32): 10 
M(String): AA 

/(ah toto 'ptooijI noHHTb, 'n o 3Aecb nponcxoAHT, odpaTHMGH k onepaTopy +. Y otoi'o 
onepaTopa ii.viciotcm onepaHAbi THna c noMeTKOii dynamic. IIo otoh iipii'iiiiie KOMnn- 
ahtop C# rcnepnpycT koa noAe3Hoii Harpy3KH, KOTopbiii npoBepneT AeHCTBHTeAbHbiii 
Tim nepeMeHHoii value bo BpeMH BbinoAHemiH h onpeAeAHeT, hto aoajkch AeAaTb 
onepaTop +. 



flpnMMTMBHbiM Tun flaHHbix dynamic 179 


Bo BpeMH nepBoro Bbi30Ba onepaTopa + 3HaneHHe ero apryMCHTa paBHO 5 (ran Int32), 
11 goto. viy pc3y. : ip;raT panel p10 (to>kc ran Int32). Pe3yjibTaT npucBaiiBaeTca iicpcMcmioii 
value. 3aTeM Bbi3breaeTen mcto;i M, KorapoMy iicpe/tacTCM value. /(.i m Bbi30Ba .vteTOAa M 
KOMnnjwTop co.3/i,acT koa iio./ie.3i[oii Harpy3KH, KOTopbiii Ha 3Tane m.mo. iiiemiM oy/tea 
npoBepHTb aencTBHTejibHbiH ran .iiianci pipit nepeMeHHofi, r repc/uii 11 ioii mctoav M. Kor;i,a 
value coAepacHT Tnn Int32, Bbi3biBaeTcn neperpy3Ka MeTOAa M, nojiynaioman napaMeTp 
Int32. 

Bo BpeMH BToporo Bbi30Ba + .iiia'ieime ero apry.vieina paBHO A (Tnn String), a pe- 
3yjibTaT iipc;i,CTaii. ; mc'[' co6oh CTpoKy AA (pe3yjibraT KOHKaTeHanmi A c co6ofi). 3aTeM 
CHOBa Bbi3biBaeTcn mctoa M, KOTopoMy iiepe/tacTCM value. Ha stot pa3 koa nojie3Hofi 
Harpy3Kii onpeAejiaeT, hto aeHCTBiiTejibHbin ran, nepeAaHHbiii b M, hbjihctcji CTpoKOBbiM, 
n Bbi3biBaeT neperpyaceHHyio Bepcmo M co ctpokobhm napaMeTpoM. 

Koiypi ran nojia, napaMeTp Mcxo/ia, B03Bpam,aeMHH ran .viCTOAa hjih noKajibHan 
nepeMeHHan ciian'/KaiOTca noMeTKon dynamic, KOMiimnnop KOHBepTnpyeT stot Tim 
b Tnn System .Ob ject n npHMeHHeT 3K3eMnjinp System. Runtime. CompilerServices. 
DynamicAttribute k nojno, napaMeTpy hjih B03BpamaeM0My Timy b MCTaAaHHbix. Ecjiii 
jiOKajibHaa ipepe-MCiiiiaa oiipeACJieiia KaK AHiia.vin'PCCKaii, to Tim nepeMeHHofi xaocc 
6yaeT THnoM Object, ho aTpn6yT DynamicAttribute HenpHMeHHM k jioKajibHbiM nepe- 
MeHHblM H3-3a TOTO, TIO OH!! HCIIO. IIi.iyiO ICH TOJIbKO BHyTpH MCTO/l,a. H3-3a Toro, 'no 
Timbi dynamic h Object o/iHHaKOBbi, bbi He CMoaceTe C03AaBaTb mctoah c curnaTypaMH, 
OTjiHHaromHMHCH TOjibKO THnaMii dynamic h Object. 

Tim dynamic mohcho ncnojib30BaTb /urn onpe/i,ejieHHH apryMeHTOB TimoB 0606- 
meHHbix KJiaccoB (ccbijioHHbiH ran), CTpyKTyp (.inanHMbiH ran), iniTcpcjiCHCOis, acjic- 
raTOB hjih mctoaoh. Koiypt bh sto /tejiacTC, KOMnHjiHTop KOHBepTnpyeT THn dynamic 
b Object h npHMeHneT DynamicAttribute k paajiii'inuM nacxHM MCTa,p,aimp>ix, p/ic sto 
iicooxoahmo. Oopaune BHHMaHHe, tio o6o6meHHbrii koa, KOTopbiii bh ncnojib3yeTe, 
yace CKOMniuiiipoBaH b cooTBeTCTBioi c ranoM Object, h /iiiiiaMU'pecicaa orapaBKa He 
ocymecTBjiHeTCH, nocKOJibKy KOMnujiiTTop He iipoiia.iio/uiT koa nojie3HOii Harpy3Kii 
b o6o6meHHOM Ko^e. 

JIio6oe lii.ipa'/KCiiiie momcct 6biTb piiiiio npiiBeAeHO k dynamic, nocKOJibKy Bee bh- 
pa>icc i p pi ip AaiOT b pe.ayji bia'ic THn, npoii3BOAHHH ot Object 1 . B ooiipcm ejiynae KOMnn- 
ahtop He no3BOAHT BaM HanucaTb koa c HCHBHbiM npiiBeAeHiieM isi.ipaxceiiiiM ot Tima 
Ob ject k ApyroMy rany, bh aoaachh ncnojib30BaTb misiioc npiiBeAemie THnoB. Oahako 
KOM niiAHTop pa3peuiiiT BbinojiHiiTb npiiBeAeHHe THna dynamic k ApyroMy THny c hc- 
noAb30BaHiieM ciiHTaKcuca iPCHisiiom npHBeAeHHH. 

Object ol = 123; // OK: HeuBHoe npuBefleHne Int32 k Object (ynaKOBKa) 

Int32 nl = ol; // Own6Ka: HeT HeaBHOro npHBeAemia Object k Int32 

Int32 n2 = (Int32) ol; // OK: IlBHoe npuBefleHwe Object k Int32 (pacnaKOBKa) 

dynamic dl = 123; // OK: HesBHoe npuBefleHne Int32 k dynamic (ynaKOBKa) 

Int32 n3 = d; // OK: HeuBHoe npuBefleHne dynamic k Int32 (pacnaKOBKa) 


i 


M KaK o6hiho, 3HaiiiMHii Tim 6yAeT ynaKOBaH. 
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IloKa KOMimjiHTop iioiiiso./iMCT npeHe6peraTb hbhhm iipiiiiCAeiiiie.M ;i,iiiiaMH'iccKom 
Tuna k /tpyi'OMV Timy /i,ai 111 lax, cpc/i,a CLR Ha .jianc isi.iiio. iiiciiiim npoBepaeT npaBHAb- 
HOCTb ii|)iiiic;i,cima c ue.xbio o6cciic'iciiihi 6e3onacHOCTH thiiob. Ecjih Tun o6beKTa He- 
coBMecTHM c iipiiiieACiiiie.M, CLR BbmaeT HCKiio'iemie InvalidCastException. 

06paTHTe mm.vannc Ha c;ie/i,yiomnii koa: 
dynamic d = 123; 

van result = M(d); // 'var result' - to we, mto 'dynamic result' 

3/teci» KOMnmiHTop no.3iio.iMCT KOAy KciMini.TiipoiiaTbCM, noTOMy 'no Ha inane kom- 
nH.TMUHH OH He 3HaeT, KaKOIl M3 MCTO/lOli M Oy/tCT BbI3BaH. C.Te/tOlia'ie.TbllO, OH TaiOKC He 
3HaeT, KaKofi ran oyACT lio.iiipamcn mctoaom M. Komiih.thtop ii])C/i,i lo. iaraci, tio nepe- 
MeHHaa result imeeTAHHaMHuecKHH Tim. Bbi MoaceTe ydeAHTbca b otom, koiaa HaBeaeTe 
yKa3aTenb Mbimn Ha nepeMeHHyio var b pe/uiicrope Visual Studio — bo BcnjibrnaiomeM 
IntelliSense-OKHe bm yiui/uiTC c./ic/yyioiuce. 

dynamic: Represents an object whose operations will be resolved at runtime. 

Ecjih mctoa M, Bbi3BaHHbiii Ha .-mu ic m.mo./momi m, B03BpamaeT void, BbmaeTCA hc- 
KjnoueHiie Microsoft.CSharp.RuntimeBinder.RuntimeBinderException. 

BHMMAHME 

He nyTaitre Tnnbi dynamic n var. OdunB/ieHne noKa/ibHon nepeivieHHon xax var MB/raeTcn 
CHHTaKCHHecKi/iM yKa3aHneM KOMnwiMTopy noACTaB/inTb cnepna/ibHbie AaHHbie n3 co- 
OTBeTCTByiOLAoro BbipaxeHi/ia. KmoneBoe cjiobo var MOxeT ncnoab30BaTbca TOJibKO abm 
oQbMBJieHna iiOKaabHbix nepeivieHHbix BHyTpn MeTOAa, TorAa xax KinoieBoe ctiobo dynamic 
MOxeTyKa3biBaTbCMC/iOKanbHbiMn nepeMeHHbiMi/i, nonnMH napryMeHTaMn. Bbi He MOxeTe 
npHBecTn BbipaxeHne k Tuny var, ho bu MOxeTe npi/iBec™ ero k Tuny dynamic. Bbi AonxHbi 
hbho nHMu,Mann3npoBaTb nepeMeHHyio, odbMB/ieHHyio KaK var, TorAa xax nepeMeHHyio, 
oObMBMeHHyio Kax dynamic, nHnu,na.nn3npoBaTb He/ib3n. Boabiue noAPo6HO o Tune var 
paccKa3biBaeTcn b maBe 9. 


npn npeo6pa30BaHini Tima dynamic b Apyroii CTaTHuecKiiii Tiin pcay.ibTaTOM oyACT, 
o'lcmi/uio, Toace CTaTiraecKim Tim. Aiia.Toni'iiibiM o6pa30Mnpii coaiaiiiiii Timac nepe- 
Aaueii KOHCTpyKTopy oahoto h 6oAee apryMeHTOB dynamic pe3yjiKraT0M 6yAeT odbeKT 
toto THna, KOTopbiii bm co3AaeTe: 

dynamic d = 123; 

var x = (Int32) d; // KoHBepTapun: 'var x’ OAMHaKOBO c 'Int32 x' 

var dt = new DateTime(d); // Co3aaHne: 'var dt' o/jHHaKOBO c 'DateTime dt’ 

Ecah BbipaaceHiie dynamic 3»a;i,ae'iCM KaK ko.t.tckuiim b niicTpyKUiiu foreach hah 
KaK pecypc b /u-ipcin iiiic using, to KOMniuiHTop reiic|) irpyc'r koa, KOTopbiii nonbiTaeT- 
ch npiiBecTH BbipaaceHiie k Heo6o6meHHOMy iiHTepcjieiicy System.IEnumerable hah 
HHTepcjieHcy System. IDisposable cooTBeTCTBeHHO. Ecah npiiBeAemie TimoB bm- 
noAHHeTCH ycnemHO, to m>ipa>Keime iicnoAb3yeTCH, a koa libiiio.TiiMC'iCM HopMaAbHO. 
B npoTHBHOM c.Tyiae 6yAeT BbmaHO iicieno'iciine Mic rosof t. CSharp. Runt imeBinder. 
RuntimeBinderException. 
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BHMMAHME 

BbipaxeHne dynamic peanbHO mvieeT tot xe Tnn, hto m System.Object. KoMnnnnTop npu- 
HUMaeionepaunn c BbipaxeHueM KaKflonycinMbie n He reHepnpyei hit npeAynpexAeHnn, 
hh oiunboK. OAHara ucKmoneHun MoryrbbiTb BbiAaHbi Ha aiane Bbino/iHeHun nporpaMMbi, 
ecnn nporpaMMa nonbiTaeicn Bbino/iHnTb HeAonycTMMyio onepapnra. K TOMy xe Visual 
Studio He npeAOCTaB/meT KaKOM-nnbo IntelliSense-noAAepxKu Ann HanucaHun koa3 
c AUHaiviMHecKMMM BbipaxeHnaMn. Bbi He MOxeTe onpeAenuTb mctoa pacinnpeHun Ann 
dynamic (06 3tom paccKa3biBaeTcn b rnaBe 8), xoth MOxeTe ero onpeAennTb Ann Object. 
1/1 Bbi Moxeie ncnonb30BaTbnnM6Aa-BbipaxeHne HnH aHOHMMHbiPi m6toa(ohh 06 a obcyx- 
AaiOTcn b rnaBe 17) b xanecTBe apryMeHTa npn Bbi30Be AHHaMnnecKoro MeTOAa, noTOMy 
hto KOMnnnmop He MOxeT BbinncnnTb cpaKTi/iHecKn ucnonb3yeMbie Tnnbi. 


PaccMOTpiTM npuMep ico/ta Ha C# c iiciio.Tb.'iOHaimc.vi COM-o6 - beKTa IDispatch a./im 
C 03AaHiiH KHiini Microsoft Office Excel ii paa.vicmciiiiH CTpoKii b mhcukc Al. 

using Microsoft.Office.Interop.Excel; 

public static void Main() { 

Application excel = new Application(); 

excel.Visible = true; 

excel.Workbooks.Add(Type.Missing); 

((Range)excel.Cells[1, 1]).Value = "Text in cell Al"; 

// llOMemaeM 3Ty CTpoxy b aneMicy Al. 

} 


Ee3Tuna dynamic sna'icmic, B03BpamaeMoe excel .Cells[1,1], hmcct ran Object, 
KOTopbiii AOJiateH 6 biTb iipinsc/tcFi k rany Range nepe/t o 6 pamemieM k ero ciioiicmy 
Value. O/uiaico bo ispe.vin reHepau,ioi BbinojiHHeMon «o 6 epTKii» a.im COM-o 6 beKTa 
ji io 6 oe ncnojib30BaHiie rana VARIANT b COM-mcto/ic 6 ya,eT npeo6pa30BaHO b dynamic. 
CneflOBaTejibHO, nocKOJibicy BbipaaceHire excel. Cells [1, 1 ] othochtch k rany dynamic, 
BaM He 06 n. 3 aTC.Ti,no hbho iipnno/urn, ero k rany Range a.im o 6 pamemra k CBoncray 
Value. IIpeo6pa30BaHHe k dynamic .inaHme-ibim ynpomaeT koa, n.'ta n Mone iicmy 10 mu ii 
c COM-o 6 beKTaMii. I Ipu.vtep 6 ojiee npocToro icona: 

using Microsoft.Office.Interop.Excel; 

public static void Main() { 

Application excel = new Application(); 

excel.Visible = true; 

excel.Workbooks.Add(Type.Missing); 

excel.Cells[l, 1].Value = "Text in cell Al"; 

// noMemaeM 3 Ty CTpoxy b aneilKy Al 

} 


Cjie/tyiomHH (jipar.vicm noKa3biBaeT, KaK ricnojib30BaTb OTpaacemie /tin Bbi30Ba Me- 
TOAa (Contains) c apryMeHTOM rana String ("ff") /yracTpoKH ("Jeffrey Richten") 
n noMecraTb pe3yjibTaT c ranoM Int32 b jioicajibHyio nepeMeHHyio result. 

Object target = "leffrey Richter"; 

Object arg = "ff"; 

npodojiMenue & 
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// HaxoflUM MeTOflj KOTopbiii noflxoflUT no TinnaM apryMeHTOB 
Type[] argTypes = newType[] { arg.GetType() }; 

Methodlnfo method = target.GetTypeQ.GetMethodC’Contains", argTypes); 

// BbBbiBaeM MeTOA c we/iaeMbiM apryMeHTOM 
Object[] arguments = newObject[] { arg }; 

Boolean result = Convert.ToBoolean(method.Invoke(target, arguments)); 

Ecjih Hcnojib30BaTb Tim C# dynamic, stot koa moacho 3HannTeAbHO yAyuinnTb 
C TOHKH 3pCHHM CIIHTaKCHCa. 

dynamic target = "Jeffrey Richter"; 
dynamic arg = "ff"; 

Boolean result = target.Contains(arg); 

PaHee h yace roBopiiA o tom, tio komiihjihtop C# Ha .oraiic liiiiiio.iiiciiHa npo- 
rpaMMbi reHepupyeT koa noAe3HOii Harpy3Kii, ochobh Bancb Ha /iciiCTHUTcaiiiiiiix 
Tiinax o6beKTa. 3 tot koa noAe3HOH Harpy3Kii HcnoAb3yeT KAacc, H3BecTHbin KaK 
KOMnoHoemuK (runtime binder). Paa.'iii'iiibie H3MKH iipoi pa.MMnpoisaiiiui onpeAeAH- 
IOT Co6ctI!CI 1II1)1X KOMIIOIlOISIUllKOI!, IIHKanCyAHpyH B HHX npaBHAa >1.31)1 Ka. Koa aah 
KOM noHOBmiiKa C# iiaxo/urrcM b cdopKe Microsoft .CSharp.dll, iiodtomv ccbiAKaHa 
3Ty cbopicy /lO.OKiia isK.iio'ia i iiOi b ak>6oh npoeKT, ncnoAb3yiomHH icno'ieisoc caobo 
dynamic. 3Ta cbopKa ccbiAaeTcn Ha cjranA napaMeTpoB no yxio.i'iaiin io, CSC.rsp. Koa 
H3 3toh c6opKH 3HaeT, mto npH npiiMeHemiH onepaTopa + iipii.MeiuieTOi k abvm o6b- 
eKTaM Tima Int32 CAeAyeT reHepnpoBaTb koa caoacchhh, a aah /myx o6ne ktcb Tima 
String — koa KOHKaTeHaniin. 

Bo BpeMH BbinoAHemiH cbopKa Microsoft.CSharp.dll AOAACHa 6biTb 3arpyaceHa b ao- 
MeH npHAOACeHHH, TIO CHII3HT npOH3BOAHTeAbHOCTb lipil.MOACCIllia H nOBbICHT paCXOA 
naMHTH. KpoMe toto, cbopKa Microsoft.SCharp.dll 3arpyacaeT biibAiiOTeKii System.dll 
h System.Core.dll. A ccah bm ncnoAb3yeTe ran dynamic aah cbh3h c COM-o6beKTaMH, 
3arpyacaeTCH h 6n6AiiOTeKa System.Dynamic.dll. H KorAa 6yAeT BbinoAHeH koa noAe3Hoii 
Harpy3KH, reHepnpyiomHH AHHaMnuecKHn koa bo BpeMH BbinoAHemia, stot koa OKaaceTca 
b cbopKe, Ha3BaHHoii clhohumhou cSopnou duHajumecKuxMemodoe (Anonymously Hosted 
Dynamic Methods Assembly). Haa.iia'iemic stoto KOAa aar.iio'iacTCH b noBbiineHim 
npOH3BOAHTeAbHOCTH AH I la .VI II ‘ICCKTlX CCblAOK B CHTyailHHX, B KOTOpbIX KOHKpeTHOe 
MecTO Bbi30Ba (call site) BbmaeT mhoto bm30bob c AHHaMnuecKHMH apryMCHTaMH, co- 
OTBeTCTByiomHx OAHOMy THny Ha arane BbinoAHemm. 

H3-3a Bcex II3ACP>KCIC, CBH3aHHbIX C OCOOCIIIlOCTHMIl BCTpOCHHblX AH I la.VI II 1 ICCKHX Bbl- 
HHCACTTHH B C#, Bbl AOAACHbl 0C03HaHH0 pemHTb, HTO HMCHHO Bbl ACCAaeTe AObllTbCH OT 
AHHaMimecKoro KOAa: npeBoexoAHoii npoii3BOAHTeAbHOCTH npiiAOAcemiH npu 3arpy3Ke 
Bcex 3THX cbopOK HAH OnTHMaAbHOTO paCXOAOBaHHH naMHTII. EcAH AHHaMHUeCKIlii KOA 
HcnoAb3yeTCH TOAbKO b nape MecT Bamero nporpaMMHoro KOAa, pa3yMHee npiiAepacn- 
BaTbca CTaporo noAxoAa: ah6o Bbi3biBaTb mctoah OTpaacemiH (aah ynpaBAHeMbix 06 b- 
eKTOB), ah6o < l iipy i niyioo npiiBOAHTb Timbi (aah COM-o 6 beKTOB). 

Bo BpeMH BbinoAHeHHH KOMimiioimui k C# pa3pemaeT AHiia.MiriecKHC onepan,nn 
b cooTBeTCTBHH c TimoM odbeKTa. CHauaAa KOMnoHOBiunK npoBepHeT, peaAH3yeTCH 
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jih TimoM iiHTep(j)eHC IDynamicMetObjectProvider. H ecjm iiHTeptjieHC peajni30- 
BaH, mii.'iiiiisacTOi mcto/e, GetMetaOb ject, KOTopbiii B03Bpaiu,aeT Tim, npoH3BO/inbm 
ot DynamicMetaObject. 3 tot thii MoaceT o6pa6oTaTb Bee npnri>i3KH hjichob, mctoaob 
h onepaTopoB, CBH3aHHbie c o6beKTOM. blHTepijieHC IDynamicMetaObjectProvider 
h ocHOBHofi Kjiacc DynamicMetaObject onpe/iejieHbi b npocTpaHCTBe hmch System. 
Dynamic h HaxoAflTCH b c6opKe System.Core.dll. 

/IniiaMii'tecKiie h3hkh, TaKiie KaK Python h Ruby, hciio.ti>3viot ranbi, ri]) 0 n;ino,ui f>ic 
ot DynamicMetaObject, hto no3BOjiaeT B3auMO/i,eHCTBOBaTb c hiimh h 3 npyriix H3bi- 
kob (iiaiipHMcp, C#). Aiia. ioni'im.iM o6pa30M KOMiionommiK C# npii cbh3h c COM- 
KOMnoHeHTaMii 6yn,eT iicnojib30BaTb nopoacAemibiH Tim DynamicMetaObject, yMeiomini 
B3aiiMO/i,eHCTBOBaTb c COM-KOMnoHeHTaMH. I lopouc/iemiiiiii ran DynamicMetaObject 
onpe/i,ejieH b c6opKe System.Dynamic.dll. 

Ecjih Tim o6beKTa, ncnojib3yeMbm b /uma.vm'iecKOM Bbipaacemm, He peajni3yeT 
HHTep4)eiic IDynamicMetaObjectProvider, ToraaKOMmijiHTop C# BOcnpiiHiiMaeT ero 
KaK o6biHHbiii o6beKT rana H3biKa C# h Bee ciiMoamibie c hiim/lc iicruna ocymecTBjiaeT 
nepe3 OTpaaceHiie. 

0,1,1 io H3 oi pami'iemiii /pmaMHuecKiix THnoB oaK.no'iacTCM b tom, hto ohii MoryT 
HCH0JIb30BaTbCH TOJIbKO ’(J\'A OOpaiUCIIIlM K 'I.ICIiaM 3K3CM 11,1 M|)01!, nOTOMy HTO AHFia- 
MHHecKaa nepe.vieimaH ;i,o. : i>Kiia ccbuiaTbca Ha Goneicr. O/piaKO b HeKOTopbix cjiynanx 
6bmaeT 11 o./k\3i io /uiiiaMii'iecKii Bbi3bmaTb CTaranecKiie mcto/uj Tima, onpenejiHeMoro 
bo BpeMH BbinojiHeHHH. JXjir 3toto h C03A,aji Kjiacc StaticMemberDynamicWrapper, 
npoii3BO/i,Hbiii ot KJiacca System. Dynamic. DynamicOb j ect, peajiii3yiomero iiHTeptjieHC 
IDynamicMetaObjectProvider. Bo BHyTpeHHeii peajiH3an,ini mom KJiacca aKTHBHO 
Hcnojib3yeTCH OTpaacemie (cm. r. rauy 23). 11n>icc ii|)iiiie;i,ci[ koa mocto KJiacca Static¬ 
MemberDynamicWrapper. 

internal sealed class StaticMemberDynamicWrapper : DynamicObject { 

private readonly Typelnfo m_type; 

public StaticMemberDynamicWrapper(Type type) { m_type = type.GetTypelnfoQ; } 

public override IEnumerable<String> GetDynamicMemberNames() { 
return m_type.DeclaredMembers.Select(mi => mi.Name); 

} 

public override Boolean TryGetMember(GetMemberBinder binder, out object result) 

{ 

result = null; 

var field = FindField(binder.Name); 

if (field != null) { result = field.GetValue(null); return true; } 
var prop = FindProperty(binder.Name, true); 

if (prop != null) { result = prop.GetValue(null, null); return true; } 
return false; 

} 

public override Boolean TrySetMember(SetMemberBinder binder, object value) { 
var field = FindField(binder.Name); 
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if (field != null) { field.SetValue(null, value); return true; } 
var prop = FindProperty(binder.Name, false); 

if (prop != null) { prop.SetValue(null, value, null); return true; } 
return false; 

} 

public override Boolean TryInvokeMember(InvokeMemberBinder binder, Object[] 
args, 

out Object result) { 

Methodlnfo method = FindMethod(binder.Name); 
if (method == null) { result = null; return false; } 
result = method.Invoke(null, args); 
return true; 

} 

private Methodlnfo FindMethod(String name, Type[] paramTypes) { 

return m_type.DeclaredMethods.FirstOrDefault(mi => mi.IsPublic && 
mi.IsStatic 

&& mi.Name == name 

&& ParametersMatch(mi.GetParameters(), paramTypes)); 

} 

private Boolean ParametersMatch(ParameterInfo[] parameters, Type[] 
paramTypes) { 

if (parameters.Length != paramTypes.Length) return false; 
for (Int32 i = 0; i < parameters.Length; i++) 

if (parameters[i].ParameterType != paramTypes[i]) return false; 
return true; 

} 

private Fieldlnfo FindField(String name) { 

return m_type.DeclaredFields.FirstOrDefault(fi => fi.IsPublic && fi.IsStatic 
&& fi.Name == name); 

} 

private Propertylnfo FindProperty(String name. Boolean get) { 
if (get) 

return m_type.DeclaredProperties.FirstOrDefault( 
pi => pi.Name == name && pi.GetMethod != null && 
pi.GetMethod.IsPublic && pi.GetMethod.IsStatic); 

return m_type.DeclaredProperties.FirstOrDefault( 
pi => pi.Name == name && pi.SetMethod != null && 
pi.SetMethod.IsPublic && pi.SetMethod.IsStatic); 

} 

} 

X lT 06 bI BbI3BHTb CTLITH'ICCKll H MCTO/I, /(111 DIM II'ICC KT1, CKOHCTpyHpyHTe OICICM I I.T M |) 
KJiacca c iicpc/ta'icii Type h coxpaii htc ccbuiKy Ha Hero b .TiiiiaMii'iccKvio nepeMeHHyio. 
3aTeM BbI30BHTe I iy>KHbTIT CTaTHHeCKIIH MCTO/I C IICl I O.T 1)30153 11 ll(‘M CIIHTaKCHCa Bbl- 
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30Ba .')I<3CMII. IM|)I[()I'0 MCTO/ta. IIpHMep BbI30BH CTaTHMCCKOI O MCTO/l,a Concat ( String J 
String) KJiacca String: 

dynamic stringType = new StaticMemberDynamicWrapper(typeof(String)); 
van r = stringType.Concat("A", "B"); // fluHaMUMecKuti bn 30 b CTaTunecKoro 

// MeTOfla Concat K/iacca String 
Console.WriteLine(r); // BbiBOflMTca "AB" 



jiaea 6. OcHOBHbie ceeAemifi 
o H/ieHax ii TMnax 


B uiaiiax 4 h 5 6mjih paccMOTpeHbi imibi 11 onepaijHH, npiiMeHiiMbie ko bccm oicicm- 
njiapaM jno6oro THna. KpoMe Toro, o6bHCHHjiocb, iioac.viy Bee Tiinbi /icjimtcm Ha Abe 
KaTeropini — ccbijioHHbie h anaanMbic. B OToii h iiocvie/iyiomiix ijiaisax a noica3biBaio, 
KaK npOeKTHpOBaTb Timbl C HCn0JIb30BaHIICM pa3JIHHHbIX HJieHOB, KOTOpbie MOaCHO 
oiipc/tcviHTb b Timax. B uiaiiax c 7 no 11 out 't/iem.i paccMaTpmiaiOTCM no/ipooiiec. 


H/ieHbi mna 

B Time mohcho onpe/iejiHTb cjie/iyiomiie hjichm. 

□ KoHCTaHTa — u/iemu(})iiKaxop, onpe/iejunomHH iickvio iioctohiiiivio bc./iH'imiy. 3 th 
HA eHTH(J)HKaTopbi o6behho Hcnojib3yiOT, hto6h ynpOCTHTb TKMIIIO Ko/ia, a TaKace 

v/iooct isa conpoBoacfleHiia h no/mepacKii. KoHCTaHTbi uccr/ia cmiaaiibi c thhom, 
a He c 3K3eMnjiapoM THna, a Ha jiothhcckom ypoBHe KOHCTaHTbi uccr/ia hbjihiotch 
CT aTHHeCKHMH 'fJKTia.VIH. I lO/ipOOIICC O KOHCTaHTaX cm. rjiaBy 7. 

□ Ilojie npe/tCTaBJiaeT co6ofi .ina/ienne yaimbix, /lociyimoe TOJibKO /yia Trcmia hjih 
rjix MTcmia/aaimcH. Ilojie MoaceT 6biTb CTaTHnecKHM — ror/ia oho hbjihctch aacTbio 
coctohhhh THna. I Iojie MoaceT 6biTb .')K3eMii. ; mpi[biM (iieciai n'iccKiiM) — rar/ia oho 
HBJ iaeTca 'tac riao coctohhhh KOHKpeTHoro o6beKTa. 71 HacTOHTejibHO peico.vicii/iy'io 
OrpaHITHITBaTb AOCTyil K nOJIHM, 'fTOObl BHeUIHHH ICO; I, He MOr HapyHIHTb COCTOMIIHC 
Tima hjih o6beKTa. I lo/ipooiice o iiojimx cm. rjiaBy 7. 

□ KoHCTpyKTop OKaeMn.iHpoB — mcto/i, cjiyacamiiH Ajih HHHHHajiH3au;HH nojieii 3K- 
3eMnjiapa npn ero coa/iamm. I lo/ipooiiec o KOHCTpyKTopax 3K3CMnjnipoB cm. rjiaBy 8. 

□ KoHCTpyKTop THna — MCTO/I, HCnOJIb3yeMblii /IJIH HHHIJHajIH3aU;HH CTaTHHCCKHX 
nojieii Tima. I lo/ipooiice o KOHCTpyKTopax Tima cm. r.iaiiy 8. 

□ Mcto/i npc/iC'iaiiJiacT co6oh cjiymcnmo, m.mo.iiialoinyio oncpaunn, KOTOpbie 113 - 
MeHHiOT hjih 3anpamiiBaiOT coc'ioainic Tima (cTaTHnecKHH mcto/i,) hjih o6beKTa 

(3K3eMnjIHpHbIH MCTO/I,). \1CTO/I,b[ OObl'IIIO OCVIUCCTIIJIMIOT 'ITCIIIIC H 3anHCb nOJICH 
TimoB hjih o6beKTOB. IIo/i,po6Hee o Mera/iax cm. rjiaBy 8. 

□ IleperpyaceHHbiH onepaTop oiipe/ie/oiCT, tio Hyamo npo/i,ejiaTb c o6beKTOM npn 
npiiMeHeHiiii k HeMy kohkpcthoto onepaTopa. IIeperpy3Ka onepaTopoB He bxo/i,ht 
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b o6mea3biKOByio cneuH(J)HKaiiHio CLS, nocKOJibKy He Bee h3mkii nporpaMMiipoBamiH 
ee no/mepacHBaiOT. IIo/i,po6Hee o neperpyaceHHbix onepaTopax cm. rjiaBy 8. 

□ OnepaTop npeo 6 pa 30 Bann;i — mcto/i, aa/uuomiiii nopHAOK misiioio hjih HeHBHoro 
npeo6pa30BaHiia oobcicra H3 o/uioio THna b /tpyroii. OnepaTopbi npeo6pa30BaHiia 
hc bxoaht b crienii())iiKaniiio CLS no toh ace iipiianiie, tio h neperpyaceHHbie one- 
paTopbi. I lo/tpoonec 06 onepaTopax npcoopaaoiiamiM cm. rjiaBy 8. 

□ Cbohctbo npe/iCTaBjiHeT co6ofi MexaHii3M, ho3bojijhohi;hh npiiMeHHTb npocToii 
ciiHTaKCHC (HanoMHHaiOHiHH o6pameHiie k nojiHM) /yin ycTaHOBKii hjih nojiyneHim 
'laciu jionraecKoro coctohhiih rana iijih o6beKTa c KOHTpojieM jioni'iecKoii nejiocT- 
hocth aToro cocTOHHHH. CBOiicTBa 6biBaiOT iicooooinciini>i m ii (pacnpocTpaHeHHbiii 
cjiyraii) h o6o6meHHbiMii (ecTpe'iaiOTCM pe/i,i<o, b ochobhom b KJiaccax kojuickhhh). 
I lo/ipoonee o CBoiicTBax cm. rjiaBy 10. 

□ Co6bime — MexaHH3M CTa'i n'icciaix co6mthh iioaiio.TMCT Tiray OTnpaBjiHTb yBe- 
JI,OMJieHHH Cia'I U'ICCIOIM HJIH ;)K3CMII. ; IM|)llblM MCTO/UIM. MexaHH3M i c .3 c m ri j i n])n i >i x 

(HecTaTHnecKHx) co6hthh iio.iiiojiHcr o6'P)Cicry nocbuiaTb yiie/tOM./ieime ciairi'ie- 
CKOMy hjih 3K3eMnjiapHOMy MeTO/iy. CoObmia oOhhho imimiiiipyiOTCH b otbct Ha 
H3MeHeHiie coctohhhh Tima hjih oobcicia, nopoac/i,aiomero coobrmc. Coobrmc co- 

CTOHT H3 AByX MC'IO/l,Ob, IIO.'ibO.TMIOlUIIX Cia'I H'ICCKTIM HJIH 3K3eMnjUipHbIM .MCTO/l,a.VI 

peniCTpupoBaTb h o i .vienM i b peniCTpaHiiio (no/pincKy) Ha coobrmc. IIomhmo sthx 
;i,isyx mcto/ 1,0 n, b co6hthhx oobi'ino iic i r o.r i,;jyeTCii riojic-/[,cjieraT jut ii yiipaii.'ieniia 
Ha6opoM 3aperiiCTpnpoBaHHbix mcto;i,oii. I lo/i,pofiiiee o coObiTnax cm. rjiaBy 11. 

□ Tun no.3bo. iMcr oiipc/y'jiMTb apyrne BJioaceHHbie b Hero THnbi. Oobi'ino .stot iio/y 
xoa iipii.YiciiMCTCM ;i,.tm pa.'soiiemia 6ojibiuoro, cjioacHoro THna Ha ii(‘fio.Ti)iime 6 jiokh 
c ne.ibio ynpocTHTb ero peajni3aii,Hio. 

Eme pa3 iio/piepicny, tio n,ejib .naimori rjiaBbi coctoht He b iioapooiiovi onucai ihh 
pa3JiiiHHbix 'uieiioii, a b ii3.to>kci i ii ii o6mnx npiiHHimoB h oo'bMCiiemin cxo/i,Hbix acneic- 
TOB 3THX MJieilOb. 

He3aBiiciiMO ot ncnojib3yeMoro H3biica nporpaMMiipoBaHiiH, KOMniiJurrop aojokch o 6- 
pa6oTaTb iicxoaHbiii ko/i ii co3/i,aTb MeTa/i,aHHbie h IL-ko/i, jyia Bcex hjichob Tima. OopMaT 
MeTaa,aHHbix c/i,iiii h He 3aBiiCHT ot bbiopaimoro aa.biica nporpaMMiipoBaHiiH — hmchho 
noaTOMy CLR Ha3bmaiOT o6ui l esi3UKoeou iiciio.tiim lomeii cpefloii. i\l cttuuiiiii i)ic — sto 
ct aH/i,apT Han u i i(})0]).\iai in a, KOTopyio npc/[,ocTab.TM iot h Hcnojib3yiOT bcc h3hkh, no- 
3BOJIHH KO/I,y Ha OJI.HOM H3bIKC npOrpaMMIipOBaHHH 6e3 npoOjieM oOpamaTbCH K KO,a,y Ha 
coBepmeHHO jipyroM M.'ibiicc. 

CTaHAapTHbiii ())0|).viaT MeTaaaHHbix Taicace iicnojib3yeTCfl cpc/i.0 ii CLR ;i,jim onpe- 
AejieHHH iiopM/uca 11oise/icii hj-i KOHCTaHT, nojieil, KOHCTpyKTopoB, mctoaob, cboiictb 
II CoObITHH BO I! pc.VI 'A II bl 110.11ICIIIIM. KopO'tC TOBOpH, MCna/pllll I bIC — 3TO IC.IIO'I KO BCeil 
njiaTcjiopMe pa3pa6oTKii Microsoft .NET Framework; ohii oOecnemiBaiOT iiHTerpainiio 

H3bIKOB, TimOB II OO'bCKTOb. 

B cjie,a,yiomeM npiiMepe Ha C# noKa3aHO oiipc/iyjicmic THna co bccmh bosmohchmmh 
H jiCHaMii. 3 tot koji, ycnemHO KOMniuiiipyeTCH (He 6e3 npeAynpeacfleHiiii), ho nojib3bi ot 
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Hero HeMHoro — oh Bcero .inmi. neMOHCTpupyeT, KaK KOMniuiHTop TpaHCimpyeT TaKofi 
THn h ero 'uiem.i b MCTa/uimii.ie. Eme pa3 HanoMHio, tio Kaacubiii H3 'uienois b otac.i b- 
hocth /tCTajii.iio paccMOTpeH b cae/tyioimix rciaBax. 

using System; 

public sealed class SomeType { //I 

// B/10>KeHHblM K/iacc 

private class SomeNestedType { } // 2 

// KoHCTaHTaj HeM3MeHfieMoe w CTaTMMecKoe n3MeHFieMoe none 
// Constant, readonly, and static read/write field 
private const Int32 c_SomeConstant = 1 ; 

private readonly String m_SomeReadOnlyField = "2"; 
private static Int32 s_SomeReadWriteField = 3; 

// KOHCTpyKTop Tuna 


static SomeType() { } 

// 

6 

// KOHCTpyKTOpbl 3K3e|Vinnflp0B 



public SomeType(Int32 x) { } 

// 

7 

public SomeType() { } 

// 

8 

// 3K3eMn^flpHbiFi m CTaTniecKnii MeTOflbi 



private String InstanceMethod() { return null; } 

// 

9 

public static void Main() {} 

// 

10 

// Heo6o6meHHoe sioeMn/iapHoe cbomctbo 



public Int32 SomeProp { 

// 

11 

get { return 0; } 

// 

12 

set { } 

1 

// 

13 

// 06o6meHHoe 3K3eMn/iflpHoe cbomctbo 



public Int32 this[String s] { 

// 

14 

get { return 0; } 

// 

15 

set { } 

} 

// 

16 

// 3K3eMn^BpHoe co6bune 



public event EventHandler SomeEvent; 

// 

17 


} 


// 3 
// 4 
// 5 


I loc.;ie KOMiiii.imnin THna moscho npocMOTperb MCTanaHHbie c iiomoiiii.io yTHjiHTbi 
ILDasm.exe (puc. 6.1). 

3aMCTbTe, hto KOMmiJiHTop reHepiipyeT MeTa/iaHHbie /yra bccx hjichob Tima. Ha caMOM 
Aejie, /yia HeKOTopwxHjieHOB, Hanpimep jjj m co6biTira (17), KOMmiJiHTop C03,a,aeT nonoji- 
HiiTeiibHbie 'uiein.i (none h ab a .vieTo;i,a) h .vieTa/i,aiiiii.ie. Ha .taiiiio.vi oxaiic He Tpe6ycTca 
tohho noHimaTb, 'no nao6pa>KCiio Ha pucyHKe, ho no Mepe 'riciina c.ie/iyioiinix maB a 
peKo.vieii/i,yio B03BpamaTbca k OTO.viy npimepy h CMOTpeTb, KaK onpenejiaeTca tot hjih 
hhoh 'men h KaK 3to ii.iiiiict Ha MC'ia/uiiiiii.ic, reHepupyeMbie k'omiiii.;imto|)om. 
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Pmc. 6.1 . MeTaAaHHbie, nojiyneHHbie c noMOLAbKD yTuni/iTbi ILDasm.exe 
A-na npMBeAeHHoro npmviepa 


BnAHMOCTb Tuna 

IIpii onpenejieHiiH Tima c BimiiMOCTbio b paMKax cjaafijia, a He npyroro THna ero moscho 
cnejiara omKpumuM (public) hjih enympenmiM (internal). OTKpbiTbiii ran nocTyneH 
jno6oMy Ko/yv jik>6oh c6opKii. BHyTpeHHiiii Tim ;i,0CTyiieii to. ii.ko b toh c6opKe, rue oh 
onpenejieH. IIo yMOJinaHino KOMmijiHTop C# nejiaeT ran BHyTpeHHiiM (c 6ojiee orpa- 
mi'iemioii iui/uimoctkio). Bot HecKOJibKO npimepoB. 

using System; 

// OTKpbiTbm TMn AOCTyneH M3 /ikd6om c6opKM 
public class ThisIsAPublicType { ... } 

// BHyTpeHHMM TMn flOCTyneH TOAbKO M3 C 06 CTBeHH 0 M c6opKM 

internal class ThisIsAnlnternalType { ... } 

// 3to BHyTpeHHMM TMn, TaK KaK MOflM<|)MKaTOp AOCTyna He yKa3aH hbho 
class ThisIsAlsoAnlnternalType { ... } 


Apy>KecTBeHHbie cSopKH 

I lpc;i,CTaiiP,Te ce6e cjic/tyiomyio CHTyaiinio: b KOMnaHiiii ecTb rpynna A, onpenejunoman 
Ha6op no.ieam.ix ranoB b o.tiioh c6opKe, h rpynna E, n<'iio.Ti,3yioiuaH ara ranbi. IIo 
pa3HbiM ii|)irmiia.\i, TaKiiM KaK iiH/uiBHuyajibHbie rpacjniKii pa6oTbi, reorpacjumecKan 
pa3o6meHHOCTb, pa3JiHHHbie hctohhhkh (jiinianciipoiiamiM hjih CTpyKTypbi iioaot'ict- 
hocth, 3th rpynnbi He MoryT pa3MecraTb bcc cboii Timbi b c/uinoii c6opKe; bmccto otoio 
b Kaacnoii rpynne co.aaacTca co6cTBeHHbiH c)>aii./i c6opKii. 
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L (xo6bi c6opKa rpynnbi E .vioi ./ra hci ro./r[>3oua rTHnbi rpynnbi A, rpynna A /[.o. ivki la 
onpe,a,e.jiHTb Bee HyacHbie BTopon rpynne THnbi KaK OTKpbiTbie. O/uiaico .'no oana'iacr, 
hto 3th THnbi ovavtaoctv 1111 bi ancon iot no Bcc.vi c6opKaM. B pe3yjibTaTe paapaocTi'iiiKTi 
Apyroii KOMnaHim CMoryT HanucaTb koa, ncnoAb3yiomHH o6meAOCTynHbie THnbi, a sto 
H eaccAaTCAbHO. BnoAHe bo3moacho, b noAe3Hbix THnax Aciic'myiOT onpeAeAeHHbie ycAO- 
bhh, KOTopbiM AOAACHa co6AiOAaTb rpynna E npn HamicaHiin KOAa, ncnoAb3yiomero THnbi 
rpynnbi A. To ecTb HaM Heo6xoAHM cnoco6, KOTopwii 6bi no3BOAHA rpynne A onpeACAHTb 
cboh THnbi KaK BHyTpeHHiie, ho b to ace iipe.M a npeAOCTaBHTb rpynne E AOCTyn k sthm 
T nnaM. JXjisi TaKHx CHTyau,HH b CLR h C# npeAycMOTpeH MexaHH3M dpyoKecmeeuHux 
c6opoK (friend assemblies). KcTaTH roBopn, oh npuroAHTcn eme h b CHTyaiiini co c6op- 
koh, coAepacameii koa, kotopmh BbinoAHaeT MOAyAbHbie tccth c BHyTpeHHHMH THnaMH 
Apyrofi cdopKii. 

B npon,ecce coa.aaiiiui cdopKii moacho yKa3aTb Apyrne coopicii, KOTopbie OHa 6yAeT 
CHHTaTb «Apy3bHMH», — aah 3Toro CAyacHT aTpndyT InternalsVisibleTo, onpeAe- 
AeHHbiii b npocTpaHCTBe iimcii System. Runtime. CompilerServices. y a'lpiidyia ecTb 
CTpoKOBbiii napaMCTp, onpeAeAHiomiiii iimh ApyacecTBeHHoii c6opKii h ee OTKpbiTbiii kakw 
(nepeAaBaeMaa aTpudyTy CTpoKa He AOAacHa coAepacaTb HHcjaopMairiiio o Bepcnn, pemo- 
HaAbHbix CTaHAapTax hah apxHTeKType npon,eccopa). 3aMeTbTe, tio ApyacecTBeHHbie 
cdopKii iiOAvnaiOT AOCTyn ko eceM BHyTpeHHiiM TnnaM coopicii, a TaKace k BHyTpeHHiiM 
'UlClia.VI 3THX THnOB. I IpillIC/ICM ll|)HMCp c6opKII, KOTOpaH OO'IAI li.TMCT APyaCeCTBeHHblMII 
Ane Apyrne cdopKii co crponiMH hmchamh Wintellect h Microsoft: 

using System; 

using System.Runtime.CompilerServices; // fl/ia aTpn6yTa InternalsVisibleTo 

// BHyTpeHHue mnbi 3 tom c6opKM AOCTynHbi M3 KOfla AByx cneAymmMX c6opoK 
// (He33BMCMMO 0T BepCMM MAM pe TMOHa AbHbIX CTaHflapTOB) 

[assemblyrlnternalsVisibleToC’Wintellectj PublicKey=12345678...90abcdef")] 
[assemblyrlnternalsVisibleToC'Microsoft, PublicKey=b77a5c56...1934e089")] 

internal sealed class SomelnternalType { ... } 
internal sealed class AnotherlnternalType { ... } 

06paTIITbCH 1-13 APyaCeCTBCHHOH c6opKII K BHyTpeHHiiM TI-maM npeACTaBACHHOH 3ACCb 
c6opi<ii oneHb npocTO. Hanpimep, ApyacecTBeHHan c6opKa Wintellect c OTKpbiTbiM kaio- 
aom 12345678...90abcdef MoaceT odpaTHTbca k BHyTpeHHeMy THny SomelnternalType 
npeACTaBAeHHofi cdopKii CAeAyiomiiM o6pa30M: 

using System; 

internal sealed class Foo { 

private static Object SomeMethodQ { 

// 3Ta c6opKa Wintellect nOAynaeT AOCTyn k BHyTpeHHeMy TMny 
// APyrOM c6opKM, KaK eCAM 6bl OH 6blA OTKpbiTbiM 

SomelnternalType sit = new SomelnternalTypeQ; 
return sit; 

} 

} 
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1 locKO.ihKy BHyTpeHHi-ie ' [./ici i i>i ii|)iiiia/uic>Kamnx c6opKe thiiob caaiioiia rca ao- 
CTynHbiMH aan apyacecTBeHHbix c6opoK, caeayeT oneHb ocTopoacHO noaxoaHTb k onpe- 
aeaemno ypoBHH aociyiia, npeaocTaBjiaeMoro '[.iciia.M CBoero Tima, h oo'iaiis. ioiin 10 
apyacecTBeHHbix c6opoK. 3aMeTbTe, Tio npn komiihjihuhh apyacecTBcmmii (to ecTb He 
coaepacamefi aTpn6yTa InternalsVisibleTo) c6opicii KOMniiaHTopy C# Tpe6yeTCH 3a- 
aaBaTb napaMeTp /out: (paiui. Oh HyaceH KOMni-uiHTopy, hto6m y3HaTb iimh KOMmiaiipy- 
eMoii c6opKii h onpeaejiiiTb, aoaaaia jiii pe3yabTiipyiomaH c6opica 6biTb apyacecTBCHHOii. 
MoaCHO nOayMaTb, TIO KOMIIII. IMTO]) C# B COCTOHHHH CaMOCTOHTeHbHO BbIHCHIITb 3TO 

hmh, TaK KaK oh o6biHHO caMOCTOHTejibHO onpeaeaneT iiMH BbixoaHoro cjiafuia; oaHaKo 
KOMnmiHTop «y3HaeT» iimh BbixoaHoro cjiaiiaa ToabKO nocae 3aBepnieHiiH KOMmiaHumi. 
1 Io.3TO.viy Tpe6oBaHiie yKa3bmaTb 3 tot napaMeTp no3BoaHeT siiaaiiTcaiuio noBHCHTb 
npOH3BOaHTeabHOCTb KOMIIU. iami II. 

AHaaoniHHO, npn KOMnnaHipm MoayaH (b npoTHBonoaoacHOCTb c6opKe) c napaMCTpoM 
/t: module, KOTopbiii aoaaceH CTaTb aacTbio apyacecTBeHHOii c6opKii, Heo6xoaiiMO TaKace 
ncnoab30BaTb napaMeTp /moduleassemblyname: cmpoxa KOMmiaHTopa C#. nocaeaHiifi 
napaMeTp roBopHT KOMniuiHTopy, k KaKofi c6opKe 6yaeT othochtbch Moayab, HTo6bi tot 
pa3pemna Koay stoto MoayaH o6pamaTbCH k BHyTpeHHiiM TimaM apyrofi c6opKii. 


flOCTyn K HJieHBM TMIIOB 

IIpH onpeaeaeHiiii naeHa Tima (b tom aiicae BaoaceHHoro) MoacHO yKa3aTb MoancjiiiKaTop 
aocTyna k 'uiciiy. MoancjiiiKaTopbi onpeaeaHioT, Ha Kaiciie mjioi s r>i MoacHO ccbiaaTbcn 113 
Koaa. B CLR HMeeTCH co6cTBeHHbrii Ha6op B03MoacHbix MoaHcjaiKaTopoB aocTyna, ho b 
KaacaoM H3biKe nporpaMMiipoBamiH cymecTByiOT cboii ciiHTaKCiic h TepMimbi. Hanpii- 
Mep, TepMiiH Assembly b CLR yKa3bmaeT, tio 'uien aocTyneH noiiy'ipn c6opKii, Toraa 
KaK b C# aaa 3 toto ncnoab3yeTCH k.iio'icboc caoBO internal. 

B Ta 6a. 6.1 npeacTaBaeHO rnecTb MoaiicjaiKaTopoB aocTyna, onpeaeaHiomux ypoBeHb 
orpaHiineHHH — ot MaKCiiMaabHoro (Private) ao MimiiMaabHoro (Public). 


Ta 6 /iiiL(a 6 . 1 . Mofli/icta/iKaTopbi aocTyna k H/ieHaM 


CLR 

C# 

OrmcaHue 

Private (3aKpbiTbiii) 

private 

AocTyneH TOJibKO MeToaaM b onpeAejmiomeM THne 
h BjicmeHHbix b Hero ranax 

Family (poaoBoii) 

protected 

HocryneH ToabKO MeToaaM b onpeaeamomeM Time 
(ii BaoaceHHbix b Hero Timax) iihh b oahom H3 ero 
npoii3BOAHbix TimoB He3aBiiciiMO ot cdopKii 

Family and 

Assembly (poaoBoii 
h cdopoHHbift) 

(He noaaep- 
aaiBaeTCH) 

HocTyneH ToabKO MeToaaM b onpeaeamomeM Time 
(ii BaoxeHHbix b Hero Timax) h npoii3BoaHbix tii- 
nax b onpeaeamomeii cdopKe 


npodojiwemie # 
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Ta6/im4a 6.1 (npoao/ixeHMe) 


CLR 

c# 

OrwcaHue 

Assembly (cbopon- 

Hblft) 

internal 

/iocTyneH tojibko MeTOAaM b onpeAeJimoineii 
cdopKe 

Assembly or Family 

(cbopOHHMH HJIH 

POAOBOH) 

protected 

internal 

/JocTyneH tojibko MeToaaM BJioxceHHoro Tima, npo- 
H3BOAHOrO THna (He3aBHCHMO OT cbopKIl) H jno- 
6 mm MeTOAaM onpeaeJiaioineH cdopKH 

Public (OTKpbITblH) 

public 

/JocTyneH BceM MeTOAaM bo Bcex cbopKax 


Pa3yMeeTca, p,Jia nojiyiciiiiM AOCTyna k mjiciiv rmia oh /io./i>Ken 6biTb onpe/tejieH 
b bhahmom THne. HanpuMep, ecjiii b coopite A oiipc/iejieu BHyTpeHHiiii ran, HMeiomnii 

OTKpbITblH MeTO/I,, TO K'O/I, c6opKH B He CMO/KCT BbI3BaTb OTKpbITblH MCTO/I,, nOCKOJIbKy 
BHyTpeHHiiii Tim c6opKii A iie/ioc'iyncn 113 B. 

B npouecce komhiuihuhh Ko/ta KOMniuiHTop H3biKa npoBepneT KoppeKTHOCTb o6pame- 
hiih ko/ui k TimaM h HjieHaM. 06i[apy>i<iiii HeKoppeKTHyio ccbuiKy Ha KaKiie-.inoo Timbi 
HJIH HJieHbl, KOMniUIHTOp l1l[())0|)MI'ipyCT 06 OIHH6Ke. IIOMIIMO OTOIT), BO lipCMM BbmOJI- 
HeHIIH JIT-KOMnHJIHTOp TO>KC ll|)OISC|)MCT ICOfipCKTIIOCTb ofi|:)aiUCIIII3 K IIO.'IMM H MCTO/piM 
npn ko vin hjt>i n hh I L-KO/ta b npoiteccopHbie KOMaH/tbi. HanpuMep, o6iiapy>Kiib koa, He- 
npaBiuibHO nbiTaiomiiHca o6paTiiTbca k 3aicpbiTOMy nojuo hjih mcto/i, y, JIT- icom 11 ii.iMTop 
reHepiipyeTHCKJHOHeHiie FieldAccessException hjiii MethodAccessException coot- 
BeTCTBeHHO. 

Bepn())iiKamiH IL-KO/ta lapainripycT npaBHjibHOCTb ofipaooTKii MO/tHcfniKaTopoB ao- 
CTyna k HjieHaM b nepiioA BbinoAHemiH, Aaace ecjm KOMmuiaTop H3biKa nponrHopiipoBaji 
npoBepKy Aocxyiia. /(pyraa, oo.iec BeponTHaa B03M0acH0CTb aaicuoTacTCM b komiih.i bi¬ 
ll, hii Ko/ia, o6pamaiomerocji k OTKpbiTOMy 'i.tciiv Apyroro THna (/ipyi oii c6opKii); ecim 
b nepiio/i bbiiio. iiKTiiibi 3arpy3iiTCH Apyran Bepcim c6opKii, r;ic mo/|ik})h Karop /locryna 
OTKpbiToro HjieHa 3aMeHeH saupu^eHHbiM (protected) hjih 3aKpumbiM (private), Bepn- 
(|)HKann>T oocciie'iin KoppeKTHoe ynpaBJiemie AOCTynoM. 

Ecjiii MOAHcjiiiKaTop /locryna hbho He yKa 3 aH, KOMmuniTop C# oobi'ino (ho iic Bcer- 
Aa) BbidepeT no y.MOji'taimio 3 aKpbiTbiii — iianoojicc CTponiii 113 Bcex. CLR rpedycT, 
HTodbi Bee 'i.ienbi iiinci'xjieiicnom Tima 6 hjih OTKpbiTbiMii. Komhhahtop C# 3HaeT 06 
3 tom h 3 anpemaeT nporpaMMiiciy hbho yica 3 biBaTb .vio/|nc))iiKaTO|)bi Aocryna k m jig ham 
HHTepcjieHca, npocTO ACJian bcc hjichh OTKpbiTbiMH. 


nPMMEHAHME 

(loAPoSHee o npaBH/iax npmvieHeHMa b C# MOAH<t>HKaTopoB AOCTyna KTianaM n H/ieHaM, 
a Taioxe o tom, KaKne MOAncJiHKaTopbi C# BbibnpaeT no yMOJinaHnio b 3aBncnMOCTn ot 
KOHT eKCTa odbnBJieHMn, paccKa3biBaeTcn b pa3Aene "Declared Accessibility" cneuncpn- 
Kau.nn s3biKa C#. 
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Bojiee Toro, KaK isn/mo H3 Ta6ji. 6.1, b CLR ecTb mo;i,h(|:)iiK aTop AOCTyna podoeoil 
u c6opouHbiu. Ho paapaDOT'iHKii C# co'i.m stot aTpn6yT jihihhhm n He bkjhohhjih 
B H3bIK C#. 

Ecjiii b npoii3BO/i,HOM Time nepeonpe/iejiHeTCH hjich 6a30Boro Tima, KOMmuiHTop C# 
Tpe6yeT, hto6m y hjich ob 6a30Boro h npoii3Bop,Horo TimoB 6buiH OAimaKOBbie moah(|)ii- 
KaTopbi AOCTyna. To ecTb ecjiii hjich 6a30Boro KJiacca hbjihctch saiupinenubiM , to ii hjich 
npoii3BOAHoro KJiacca AOJiaceH 6biTb sampiupHHbiM . O/piaKO 3 to orpaHiiHemie H3biKa C#, 
a hc CLR. npii iiacjicaoisami n ot 6a30Boro KJiacca CLR no3BOJiaeT cmiacaTb, ho He no- 
BbimaTb orpaHHHeHiiH ppcTyna k HjieHy. Hanpimep, sauipiupHnuu mcto/i, 6a30Boro KJiacca 
mo5kho nepeonpeflejiiiTb b npoii3BOAHOM Kjiacce b omKpbimuu , ho hc b 3 aKpumbiu . ff,e jio 
b tom, hto nojib30BaTejib npoii3BO/i,Horo KJiacca Bceiyia MoaceT nojiymiTb Aocryn k Mera/ty 
6a30Boro KJiaccanyTeM ii|)iiiic;tcniiM k 6a30B0My THny. Ecjih 6bi cpc/pi CLR pa3pemajia 
ycTaHaBjiimaTb 6ojiee acecTKHe orpami'iemia Ha aoctvii k mcto/i,)' b npoii3BO/i,HOM THne, 
to 3th orpami'iemiM 6bi ;:)jie.vicma|)i[o ooxo/m/mcb. 


CTaTunecKne K/iaccbi 

CymecTByiOT KJiaccbi, He iipeAiia.siia'iemibie /yin coa/iaiina 3K3eMiuiapoB, Hanpimep 
Console, Math, Environment h ThreadPool. y sthx KjiaccoB ecTb TOJibKO craTHnecKHe 
mc'[0/u>i. B cymHOCTH, TaKiie KJiaccbi cymecTByiOT jinnib /yia rpynniipoBKii jionme- 
ckh ciiM.iamibix HjieHOB. Hanpimep, KJiacc Math o 6 'i>e/i,iiiiMCT mcto/i, w, m.iiio. iiiaioiunc 
MaTeMaTHnecKiie onepapim. B C# TaKiie KJiaccbi oiipc/pviMiOTca c k. iio'ichpjIm cjiobom 
static. Ero pa3pemaeTca npimeHHTb TOJibKO k KJiaccaM, ho hc k crpyKTypaM (3HammbiM 
TiinaM), nocKOjibKy CLR iscer/pi pa3pemaeT co3/i,aBaTb 3 K. 3 CMii.i>i])i>i .'iiia'inMbix TimoB, 
h HeT cnoco 6 a o6ohth 3to orpaHiiHemie. 

KoMiinjiHTop HajiaraeT Ha CTani'icciaiii KJiacc pa/i, orpaHiineHiifi. 

□ Kjiacc AOJiaceH 6 biTb npaMbiM hotomkom System.Object — nacjicaoiiaime jno 6 oMy 
apyro.viy 6a30B0My KJiaccy jmmeHO CMbicjia, nocKOjibKy HacjieAOBaHiie npimeHimo 
TOJibKO k o 6 beKTaM, a C03/i,aTb 3K3eMnjiap CTaranecKoro KJiacca HeB03M0acH0. 

□ Kjiacc He aojiacen peajni30BbiBaTb HiiKaKiix nmcpijiciicois, nocKOjibKy mcto/oj iih- 
Tepijieiica MoacHO Bbi3biBaTb TOJibKO nepea 3K3eMnjiapbi KJiacca. 

□ B Kjiacce MoacHO onpe/i,ejiHTb TOJibKO cia'i nnecKiie 'uieiibi (nojia, mcto/i, w, CBOHCTBa 
h co 6 biTiia). JIio 6 bie .3kscjm ii . ixi ]>n i>i o ajienbi Bbi30ByT omn 6 Ky KOMmuiapim. 

□ Kjiacc Hejib3H ncnojib30BaTb b Kan cense nojia, napaMeTpa mcto/ui hjih jioKajibHofi 
nepeMeHHofi, nocKOjibKy 3 to iioapaay.vieisacT cymecTBOBamie nepeMeHHOii, ccw- 
jiaiomeHca Ha oicseMii/mp, hto 3anpemeHO. Ooiiapyaons iio/tooiioe o 6 pameHiie co 
CTaTHnecKiiM KJiaccoM, KOMniuiaTop BepHeT coo 6 meHiie 06 omn 6 Ke. 

npiiBe/i,eM npirnep craTiiHecKoro KJiacca, b kotopom onpeaejiCHw CTaTiinecKiie hjichm; 
caM no ce 6 e Kjiacc He iipeacTais.iacT iipaicmnecKom iiHTepeca. 
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using System; 

public static class AStaticClass { 
public static void AStaticMethodQ { } 

public static String AStaticProperty { 
get { return s_AStaticField; } 
set { s_AStaticField = value; } 

} 

private static String s_AStaticField; 
public static event EventHandler AStaticEvent; 

} 

Ha piic. 6.2 iipnlic/u'ii ptxTyji i/rax / 1 naacce m 6 11 h p o b a 11 h a c noMom,bio yni./i hth 
ILD asm.exe oiio.Miioic'tiioii (DLL) c6opicii, nojiyneHHOH npn komiiii. imhhh iipiineACii- 
Horo (jiparMcma Kona. KaK bhahtc, oiipcyiciicmie KJiacca c k. iio'icisi.im cjiobom static 
3acTaBjiaeT KOMnmiHTop C# cucjiaTb 3 tot Kjiacc a6cTpaKTHbiM (abstract) h aaiieua- 
TaHHbiM (sealed). Bonee Toro, KOMmuraTop He coa/piCT b KViacce mcto/i, KOHCTpyKTopa 
aicacMr i. i aipiois (. ctor). 


{7 sc.dll - IL DASM r^~rai^i 

File View Help 

B- v sc.dll 

!••••• ► N A N I F E 5 T 


A5taticClass 


► .class public abstract auto ansi sealed beforefieldinit 
^ AStaticEvent: private static dass [mscorlib]System.EventHandler 
^ s_AStaticField : private static string 

□ AStaticMethod : void() 

□ add_AStaticEvent : void(dass[mscorlib]System. EventHandler) 

El get_AStaticProperty : string() 

El remove_AStaticEvent: void(dass [mscorlib]5ystem.EventHandler) 
El set_AStaticProperty : void(string) 

V AStaticEvent: [mscorlib]System. EventHandler 
A AStaticProperty : stringQ 


.assembly sc 



Pmc. 6.2. CTaiuHecKMM K/iacc b ILDasm.exe 


HacTMHHbie KJiaccbi, CTpyKTypbi 
M MHTep<t>eMCbl 


K.;no'iei!oe cjiobo partial roBopiiT KOMniuiHTopy C#, >no ncxo/im.iii ico/i KJiacca, 
CTpyKTypbi iijih iim<‘p())eiica moxcct pacnojiaraTbca b HecKOJibKiix <|)aii./iax. KoMroinHTop 
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oO'bc/uiii^iCT Bee uacTHUHbie (jiaHJibi ic.iacca bo ispc-via komiipi.imuh n; CLR iscci/pa pa6o- 
TaeT c nojiHBiMii onpeAejieHHHMii TimoB. EcTb Tpn oeiioiaibie npiinimbi, no kotopbim 
itcxo/pm,iit ko/p paaoniiacToi Ha HecKOJibKo (JjaftjioB. 

□ YnpaBJieHHe BepcHHMH. I IpcacTaiiia'c, mto oiipc/uvieiine Tima co/pepacHT dojibiuoii 
o6beM itcxo/moi o i/o/pa. Ecjiii stot Tim ov/pvt o/piiOBpe.Mcimo pc/iaicnipoiiaTP) /pisa 
nporpaMMiiCTa, no 3aBepineHini pa6oTbi hm npH/peTCH khkiim-to o6pa30M o6be/i,HHHTb 
cboii pe3yjibTaTbi, mto BecbMa iicy/iooim. K/ifomcboc cjiobo partial no3BOJiaeT pa3- 

6lITb HCXOflHblH KO/P Tima Ha HeCKOJIbKO (jiaHJIOB, MTOOIjI O/PItll H TOT >KC Tim MOTJIH 
OAHOBpeMeHHO pc/iaicmpoisai i) HecKOJibKo nporpaMMiiCTOB. 

□ Pa3/iejieHHe (Jiaftiia hjih CTpyKTypbi Ha JiorauecKHe MO/iyjiH BHyTpH (JiaHJia. 

HHorypa Tpe6yeTcn C03/paTb o/uih Tim /pan pemeHiin pa3Hbix 3a/paH. /Jjih ynpo- 
meHiiH peajni3an,iin h imor/pa odbHBjiHio o/uiHaKOBbie Tinibi noBTopHO BHyTpii 
o/pHoro cjraiijia. 3aTeM b Kaayzpoii nacTii TaKoro Tima a peajiH3yio no oypHOMy 
4)yHKn,iiOHajibHOMy acneKTy Tima co bccmii ero nojiHMii, MeTO/paMii, CBoiicTBa- 
MH, Co6bITIIHMH H T. /p. 3tO n03B0JIHeT MHe ynpOCTIITb HadjIIO/peHIie 3a HJieHaMH, 
ooeciiCMinsa ioiiphmh e/pit iivfo (jiviiK'niioiia./ibiiocTi) h ooiayunK'imbi.vm b rpynny. 
H TaiOKC Mory jienco 3aKOMMeHTiipoBaTb uacTHUHbiH Tim c ipejibio v/pa/ieinm Bceii 
4)yHKn,iiOHajibHOCTii 1 13 Kjiacca hjih 3aMeHbi ee yppyroii (nyTeM iicnojib30BaHiiH 
HOBoii nacTii nacTiiHHoro Tima). 

□ Pa3/iejiHTejiH Koja. Ilpn co3ypamiH b Microsoft Visual Studio hoboto npoeKTa 
Windows Forms hjih Web Forms HeKOTopbie {Jiaiuibi c ncxo/pHbiM ko/pom co3/paiOTCH 
aBTOMaTiinecKii. Ohh i 133 , 1,1 isaiOTca maojiomibiMn. IIpH iicuojib30BaHHH KOHCTpyK- 
TopoB (JiopM Visual Studio b npouecce coa/paima h pe/paKTitpoisaiirui ojic.vkmitois 
ynpaBjieHim (|)op\n,i aBTOMaTiinecKii reHepupyeT Becb iieo6xo/pii\ii,ipi ko/p h no- 
MemaeT ero b OT/pejibHbie (j)aii./ip,i. 3to 3HaniiTejibHO noBbiinaeT npo/pyKTHBHOCTb 
padoTH. PaHbine aBTOMaTiinecKii reHepupyeMbiii ko/p noiia/pa./i b tot ace cjiaHJi, r/pe 
nporpaMMHCT micaji cboh ricxo/pm,iii ko/p. O/piia ko npn cjiynaimoM H3MeHeHHH 
creHepupoBaHHoro KO/pa KOHCTpyKTop (jiop.M nepecTaBaji KoppeKTHO padoTam Ela- 
niiHaa c Visual Studio 2005, npn co3flaHiin hoboto npoeKTa Visual Studio C03/paeT 
ypBa iicxo/pm,[x <:)iaiijia: o/piiii 11 |)C/ppra .31 itptpopi /pjim nporpaMMiiCTa, a b /ppymii noMenpa- 
ei’Oi ko/p, co3/paiiao\ii,iii pe/paicropo.vi (JiopM. B pe3yjibTaTe ipcpomtiiocti, cjiynarmoro 
H3MeHeHim reHepupyeMoro KO/pa cymecTBeHHO cmiacaeTCH. 

Kjifomcfsoc cjiobo partial iipitMeimcTCii k TimaM bo Bcex (jiai’uiax c oii|)(‘/pcjieiiii(‘M 
Tima. n P H KOMniiJuupiin KOMmuiHTop o6'P,c/piiiuie'i' 3th (jiaHJibi, h roTOBbiii Tim noMenpa- 
eTca b pe3yjibTHpyiomHH (Jiaiui cdoprai c pacumpeHiieM exe hjih dll (hjih b cjiaiui MO/pyjia c 
paciHiipemieM netmodule). KaK yace OTMCMaaoci,, mpic i iimiiijIC Timbi peajiH3yiOTCJi to. ipmco 
KOMmiaaTopoM C#; iiostomy Bee ());iii. ; ii,i c hcxo/piiijm ko/po.vi TaKiix TimoB iico6xo/piimo 
nucaTb Ha o/piio.yi > 1 . 31,1 ire h KOMniunipoBaTb hx BMecTe KaK c/piiiii,iii ojiok komiiii. imuhpi. 
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06 r beKTHO-opiieHTiipoBaHHoe nporpaMMiipoBamie (OOII) cymecTByeT yace MHoro 
jieT. B iio.3,'i,iinc 70-e h pamme 80-e roAbi o6i>eKTHO-opHeHTHpoBaHHbie npimoaceHim 
6buiH HaMHoro MeHbiue no pa3Mepy, u Becb koa ii|)ii, : io/iceiin/i pa3pa6aTbiBajica b o/uioii 
KOMnaHiii-i. Paay.viccTCM, b to ape mm yace 6 f>i.i ii onepan,HOHHbie cncTeMbi, iioaiio.miomne 
npiMoaceHHHM no MaKci-iMyMy hc;iio. ii>;joh;i i f> hx B03M0acH0CTH, ho coBpeMeHHbie OC 
npeAaaraiOT HaMHoro doabine cfiynKunn. 

CaoacHOCTb nporpaMMHoro ooeciicieiiiia cymecTBeHHO B03pocaa, k TOMy ace r io. i r>- 
30iiaTe,/m Tpe6yiOT ot iipii/ioacemiii 6oraTbix (jivuiiciuioiia/ibiibix B03M0acH0CTen — rpa- 
cjiiraecKoro iiHTepcjjefica, mchio, pa3AimHbix ycTpoficTB BBOAa-BbiBOAa (Mbinib, npiiHTep, 
ii/iaimiCT), ceTeBbix c|)yHKn,HH n t. n. Bee 3 to npiiBeao k cymecTBeHHOMy pacumpemiio 
(jiymciuioiia. iiaiocth onepan,iiOHHbix chcicm h n/iaTijaopM pa3pa6oTKii b iioc/ic/uine 
roa,bi. Bo/iec toto, ceimac yace He npeACTaBAneTCH B03MoacHbiM hjih exjicjicicr h is i r ia m 
nncaTb npiuioacemie «c Hy/m» n pa3pa6aTbiBaTbBee iieooxo/uiMbie ico.viiionem i>i caMO- 
CTOHTeabHO. CoBpeMeHHbie npiMoacemm coctoht h 3 KOMnoHeHTOB, pa3pa6oTaHHbix 
MHOOIMII KOMnaHHHMH. OtII KOMnOHeHTbl o6 - beAHH5IIOTCH b eAHHoe npiuioacemie 
b paMKax rrapa/Lii i.mi>i OOII. 

IIpii KOMnoHeHTHoii pa3pa6oTKe npiuioaceHiiii (Component Software Programming, 
CSP) H,a,eii OOn nciio. ib/iyiOTCM Ha ypoBHe KOMnoHeHTOB. Hiiace nepenHcaeHbi neico- 
Topbie CBOHCTBa ico.Miioiiema. 

□ KoMnoHeHT (c6opKa b .NET) MoacHO nyd/niKOBaTb. 

□ Kom hoi ici it bi yimica. ibiibi h ii/u/iiTiicjiimiipyiOTca no n.viciin, Bepcim, penioiia/ibiibiM 
CTaHAapTaM h OTKpbiTOMy K/nony. 

□ Ko.vinoiiein coxpaHHeT cboio ymiKajibHOCTb (ico/i,oahoh cdopKii 11111/0171,3 CTaranecKH 
He CBH3biBaeTCH c Apyroii c6opKoii — b .NET iipii.YieiiHCTCH raibi/o /uiiia\iiiuecicoe 
CBH3bIBaHIie). 

□ B KOMnoHeHTe iseer/pt 'icti/o yKa3aHa 3aBHCHM0CTb ot apyrax KOMnoHeHTOB (ccm- 
.lO'iiibic Ta6./i n 11,1*1 MeTa/pimibix). 

□ B KOMnoHeHTe /i,oi<yMCimi|)Obai[i)i ero KViaccbi h 'i/ieiibi. B C# / place paapemacTca 
mc. iio'iaTi) b koa KOMnoHeHTa XMI.-/i,oicy m e 1na 11,1110 — /1,7m 3toto c/iyacHT napaMeTp 
/dOC KOMaHAHOH CTpOKII KOMniMHTOpa. 

□ B KOMnoHeHTe oiipcc/aMMiOTea Tpe6yeMbie paapemeima Ha AOCTyn. /lym .31010 b CLR 
cymecTByeT Mexami3M 3amnTbi AOCTyna k KOAy (Code Access Security, CAS). 

□ Oiiyd/iiiicoisamibiii komhohchtom iniTcpijieik' (oO'bci/Tiiaa .vio/i,e. ; ib) hc ii3mciimctcm 
bo Bcex ero cayacedHbix Bepcmix. Cjiyxednou eepcueu (servicing) Ha3biBaiOT HOByio 
BepcrnoKOMnoHeHTa, oopaano coBMecraMyio copiinnia/ibiioii. Oobuinoc./iy>icc61 iaa 
Bepcim coAepacHT HcnpaBAemm 011111601c, ncnpaBAemm cncTeMbi 6e3onacHOCTH 
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h He6ojibinneKoppeKTiipoBKii (jiyiiKmioiia./ibiiocTii. O/piaKo b Hee iie./ibou AoOaBAHTb 
HOBbie 3aBHCHMOCTH HJIH paapCIIICUH 'A 6e30naCH0CTH. 

KaK BHflHO H3 i[0c.;icyi,iicr() nyHKTa, b KOMnoHeHTHOM nporpaMMi-ipoBaHi-n-i 6ojibmoe 
BHIIMaHIie VAC JIM IOT ynpaBJieHIIIO liCpCHMMH. B KOMnOHeHTbl BHOCHTCH H 3 MeHeHHH, 
k TOMy ace ohii iiocTaii.iMiOTCM b pa3Hoe npe\iM. I IcoOxoAit.viocTb ynpaBAemm BcpcuMMH 
cymecTBCHHO ycnoacHHeT KOMnoHeHTHoe nporpaMMiipoBamie no cpaBHemno c OOII, 
iac Bee npii./io>i<eime niimeT, TecTupyeT h nocTaiuiMCT 0 / 1,1 la Ko.vniamia. 

B .NET HOMep Bcpcnn coctoht H3 ueTbipex aacTcii: ocmenozo (major) 11 donojiuu- 
mejibHozo (minor) HOMepoB Bcpcnn, HOMepa nocmpoemia (build) n HOMepa pedaiatpu 
(revision). HanpuMep, y cdopKii c HOMepoM 1.2.3.4 ochobhoh HOMep Bepcrni — 1, ao- 
nOJIHHTeJIbHbin HOMep BepCHH — 2, HOMep nOCTpOCHHM — 3 H HOMep pe/iaKTlHH — 4. 
Ochobhoh n /i,onojiHHTejibHbiH HOMepa oobi'mo onpe/iejiHiOT ymiKajibHOCTb coopi/u, 
a HOMepa iioca poeima h pc/uikuhh yKa3biBaiOT Ha CJiyaceoiiyio Bepcnio. 

/lonycTHM, KOMiiaiiiia nocTaBHJia cdopKy Bepcini 2.7.0.0. Ecjiii isiioc. : ie/i,CTmii] no- 
TpeSycTCM BbinycTHTb cdopKy c ncnpaBJieHHbiMii omiiOica.Mii, BbinycKaiOT HOByio cdopKy, 
b KOTopofi H3MCIIMIOT TO/ibKO HOMepa nocTpoeHH a h pc/iaKUHH, HanpuMep 2.7.1.34. To 
ecTb c6opica hbahctch c/iy>Kcfiiioii Bepciieii h o6parno coBMecraMa c opurimaAbHoii 
(2.7.0.0). 

B to ace BpeMH, ccah Ko.vmamia BbinycTHT HOByio isepcnio cdopKii, b KOTopyio BHe- 
ceHbi .sna/nrie/ibiibie ii.a.viciieima, aoopaTiiaa coBMecTHMOCTb He rapaHTiipyeTca, HyacHO 
H3MeHiiTb ochobhoh h/hah /i,oiio./ii fific./ibiibi ii HOMep BepcHii (Hanpimep, 3.0.0.0). 

nPMMEHAHME 

R ormcaa to, KaK BaM caeflyeT OTHOCHTbca k HOMepaM BepcMil. K coxaaeHmo, CLR He 
paOoTaeTC HOMepaMM Bepciii/i noamM npaBunaM. Ecan c6opKa3aBncnT ot Beponn 1.2.3.4 
APyroti c6opKn, CLR 6yo,eT nbiTaTbca 3arpy3HTbToabKO Bepcmo 1.2.3.4 (ecai/i ranbKO He 
3aABMCTBOBaTb MexaHH3M nepeHanpaBaeHHa CBH3biBaHna). 


Ilocae oaiiaKOM/ieima c nopa/ucoM npucBoeHim HOMepa Bepcrni HOBOMy KOMnoHCHTy 
caMoe BpeMH y3HaTb o bo3moachocthx CLR h H3HKOB iiporpa.viMiipoiiaiiiiM (TaKiix KaK 
C#), no3BOJimomHx paapaooT'i h ica ,vi nucaTb koa, ycToiiHiiBbiH k iia.Yieiiemi mm KOMno- 

HeHTOB. 

IlpodjieMbi ynpaii/icmia Bepcrni mh B03HiiKai0T, Kor^a Tim, onpeAejieHHbiii b oahom 
KOMnoHeHTe (coopice), iiciio./ib.aycTCM b KauecTBe 6a30Boro K/iacca /lyoi Tima Apyroro 
KOMnoHeHTa (cdopKii). IIcno, 'no H3MeHemm b 6a30B0M K/iacce MoryT iioh. ihmtI) Ha 
noBeACHiie npon3BOAHoro K/iacca. 3th npoSaeMbi oco6chho xapaKTepHM ajih no- 
AHMopcj)H3Ma, Kor/i,a b npoii3BOAHOM Time nepeonpeAejiaiOTCH BiipTyajibHbie mctoah 
6a30Boro THna. 

B C# aah TimoB h/hah hx 'i/iciioii ecTb n/ri b k. iio'ichi.ix caob, bahmioiiihx HaynpaB- 

ACHIie BepCHHMII, ll|)H'ICM OHII liail|)MM\TO CHM.iMII Ijl C COOTBeTCTByKHIIIIMII B03MOACHOCTH- 

mh CLR. B Ta6a. 6.2 iiepe'uic./iciibi K.no'ieisbie caoBa C#, oitiociiihhccm k ynpaBAemno 
BepciiHMii, ii onucaHO hx bahmhhc Ha onpcACJieimc Tima hah Hjiena Tima. 
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Ta6.ni/iua 6.2. KruoneBbie c/iOBa C# i/i i/ix BAwiHL/ie Ha ynpaBueHi/ie 

BepCMHMI/l KOMflOHeHTOB 


KmoneBoe 
c/iobo C# 

Tun 

MeTOA/CBOMCTBO/Co6blTlie 

KoHCTaHTa/none 

abstract 

3K3eMnjinpbi TaKoro 
THna co3naBaTb Hejib3n 

HjieH Heo6xon,HMO nepeonpe- 
nejIHTb H peajIH30BaTb B npOH3- 

boahom THne — TOJibKo nocjie 

3T0T0 MOJKHO C03n,aBaTb 3K30M- 

njinpbi npoH3Bon,Horo THna 

(3anpeiueHo) 

virtual 

(3anpemeHo) 

HjieH MOJKeT nepeonpenejiHTb- 
CH B npOH3BOAHOM THne 

(3anpeiueHo) 

override 

(3anpemeHo) 

HjieH nepeonpenejineTcn b npo- 
H3BOn,HOM THne 

(3anpeiueHo) 

sealed 

Tnn Hejib3n ncnojib- 

30BaTb b KanecTBe 
6a30Boro npn Hacjie- 
AOBaHHH 

HjieH Hejib3H nepeonpenejiHTb 

B npOH3BOn,HOM rane. 3 to 
K jnoneBoe cjiobo mojkct npn- 
MeHHTbCH TOJIbKO k MeTony, 
nepeonpenejiniomeMy BHpTy- 
ajibHbiii MeTon 

(3anpeiueHo) 

new 

ripuMeHiiTeAbHO k BAoaceHHOMy Tiiny, MeTOAy, CBoftcTBy, co6mthk>, KOHcraHTe 
HAH nOAIO 03HaUaeT, UTO HAeH HHK3K He CBH3aH C nOXOACHM HAeHOM, KOTOpblH 
MoaceT cymecTBOBaTb b 6a30B0M KAacc 


O Ha3HaAeHIIII H HCn0Ab30BaHIIH 3THX K'. IIO'ICHIjIX CJIOB pace 1(33P)lliaCTC3 B pa.3/l,CJie 
«Pa6oTa c niip r ya rr>n i>i.\th mcto/uimh npii ynpaii. ; icim n ncpciiMMii THnoB», ho npeacAe 
IICOOXOAHMO paCCMOTpeTb MCXailHSM BbI30Ba BHpTyajIbHblX MeTOAOB B CLR. 

Bbl30B BUpTya/lbHblX MeTOflOB, CBOMCTB I/I C 06 blTMM B CLR 

B 3TOM pa.3/l,CJIC peal) II ACT TOJIbKO O MC'10/p.lX, HO I SCO CKa3aHHOe OTHOCHTCH H K BIipTy- 
ajIbHblM CBOHCTBaM H COOblTH SIM, nOCKOAbKy OHII, KaK nOKa3aHO /p:uicc, Ha CaMOM ACAC 
peajni3yiOTCH MeTOAaMii. 

MeTOAbi coAepacaT koa, mano. i11ailoimiii HeKOTopbie achctbhh i la/i, thhom (cTaTH- 
'icckiic MeTOAbi) hah oiCHXMii.iapoM THna (iicc rarii'iccKiic). y icaacAoro MeTOAa ecTb 
hmh, cnraaTypa h B03BpamaeMbiii Tin, KOTopbiii moacct 6biTb nycTbiM (void), y THna 
MOACCT 6bITb HeCKOAbKO MeTOAOB C OAHHM HMCIICM, HO C pa3HbIM HHCAOM napaMeTpOB 

hah pa3HbiMH iio.'iiipainac.vipa m ii aiia'iemi mmh. Moacho Taioice onpeAeAHTb ABa MeTOAa 
c oahiim h TeM >kc hmciicm h ilapaMCTpa.Mii, ho c pa3HbiMH TimaMH B03Bpam,aeMoro 
3HaHeHIIH. OAHaKO 3Ta «B03M0ACH0CTb» 6oAbIHIIHCTBOM H3bIKOB He HCI 10.1 ICiVCTCM (3a 
HCKAKweHHeM IL) — Bee ohh Tpe6yiOT, htoSh MeTOAbi c OAiiHaKOBbiM HMeHeM pa3./iii>ia- 
Aiicb napaMeTpaMii, a B03BpamaeMoe 3HaHeHiie npii onpeAeAeHHii yHiiKaAbHOCTii MeTOAa 
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iiraopupyeTCH. BnponeM, 6jiaronapH onepaTopaM npeo6pa30BaHHH thiiob b H3biice C# 
3 to orpami'iemie cmh raacTCM (cm. many 8). 

OnpenejiHM KJiacc Employee c TpeMH paajniHHbiMii BapnaHTaMH mctohob. 

internal class Employee { 

// HeBwpTya/ibHbiii 3K3eMnnnpHbin MeTOfl 
public Int32 GetYearsEmployed { ... } 

// BnpTyanbHbiPi MeTOfl (BnpTya/ibHbin - 3HaMHT, 3K3eMnnnpHbin) 
public virtual String GetProgressReport { ... } 

// CTaTnMecKuPi MeTOfl 

public static Employee Lookup(String name) { ... } 

} 

IIpii KOMnHjiaiiHH 3Toro icona KOMnujiHTop noMemaeT Tpii 3anncii b Ta6n n i iy onpe- 
nejieHHH mctohob c6opKH. Kancnan .aanuch conepncHT cjuiani, yica3biBaiomHe, HBJiaeTCH 
J\ II MCTOH 3K3eMnjBipHbIM, BHpTyajIbHbIM HJIH CTaTHHeCKHM. 

IIpii KOMniuiHiiiiii icona, ccbi. iaioiuemcH Ha sth mctohm, KOMnujiHTop npoBepaeT 

(JuiariT B OlipC/PCJICIIIlll MCTOHOB, HTo6bI BbIHCHHTb, KaKOfi IL-KOA IIV'/K'IIO BCTaBHTb HJIH 
KOppeKTHOrO BbI30Ba MCTOHOB. B CLR eCTb /piiC IIHCTpyKLUIII HJIH BbI30Ba MCTona: 

□ MiiCTpvKHiia call ncnojib3yeTCH hjih Bbi30Ba CTaTH'iecioix, 3K3eMii. : iM|)m>ix h Biip- 
TyajIbHblX MeTOHOB. EcHH C IIOMOIIlblO 3TOH HHCTpyKH,HH BbI3bIBaeTCH CTaTHHeCKHH 
MeTOH, Heo6xoHHMO yKa3aTb ran, b kotopom onpenejineTCH mctoh. IIpii Bbi30Be 
3K3eMnjmpHoro hjih BiipTyajibHoro Mcro/ia Heo6xoniiMO yKa3aTb nepeMeHHyio, 
ccbuiaiomyiocH Ha o6beKT, iipiiacM b call nonpa3yMeBaeTCH, tio 3Ta iiepe.vK'imaa 
He paBHa null. Emane roBopn, caM Tim nepeMeHHoii yKa3biBaeT, b KaKOM Time 
onpcncjieii Heo6xoHHMbiH MeTOH. Ecjih b THne nepeMeHHoii mctoh He oiipcncjicii, 
npoBepHiOTCH 6a30Bbie Timbi. M iicipyicmia call aacro cjiyaciiT hjih HCBiipTyajibHoro 
Bbi30Ba BiipTyaobHoro mcto/pi. 

□ HllC ipyKHlia Callvint HCnOJIb3yeTCH TOJIbKO HJIH BbI30Ba .3K3CMII. ; IM|)I[I.IX h Biip- 
TyajibHbix (ho He CTannieciaix) mctohob. IIpii Bbi30Be Heo6xoHHMO yKa3aTb nepe- 
MCHHyio, ccbuiaiomyiocH Ha o6beKT. Ecjiii c noMombio stoh iiHCTpyKiiini Bbi3biBaeTCH 
HCBtipTyajibHbiH 3K3eMnjiHpHbiH mctoh, Tim nepeMeHHoii noKa3biBaeT, rne onpeneHCH 
Heo6xoHHMbiii mctoh. Ilpn Hcnojib30BaHiiii callvint hjih Bbi30Ba BHpTyajibHoro 
3K3eMnjuipHoro .vierona CLR oiipene.oiCT HacTOHmiiii Tim o6beKTa, Ha KOTopbiii 
ccbmaeTCH iiepeMeimaM, h Bbi3biBaeT mctoh nojniMopcjiHO. Ilpn k().\iiiii. imhiih Taicoro 
Bbi30Ba JIT-KOMniiHHTop reHepupyeT koh hjih npoBepKii .iiiaacmia nepeMeHHoii — 
earn oho paBHO null, CLR creHepupyeT HCKniOMCime NullRefenenceException. 
H3-3a 3Toii nonojiHHTejibHoii npoBepKii iiHCTpyKiiiui callvint isbiiio. iioiciCH He- 
mhoto McnJieniicc, 'ic.vi call. IIpoBepKa Ha null isbiiio. inacica nance npii Bbi30Be 
iiemipTyajibiioi o 3K3CMii. ; ia|)i[oi o MCTona. 

/ianaiiTC nOCMOTpHM, KaK 3 th IIHCTpyKIlHII HCnOJIb3yiOTCH B C#. 
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using System; 

public sealed class Program { 
public static void MainQ { 

Console.WriteLineQ; // BbBOB CTaTunecKoro MeTOfla 

Object o = new ObjectQ; 

o.GetHashCode(); // BbBOB BupTya/ibHoro 3K3eMn^«pHoro MeToaa 
o.GetType(); // BbBOB HeBupTya/ibHoro sioeMn/iflpHoro MeTOfla 

} 

} 

I Iocjie komiiii.i a nun pc3y. : ip;m|)vioiunii IL-koa isi.iivim/put cjic/pyioiun.vi o6pa30M. 

.method public hidebysig static void MainQ cil managed { 

. entrypoint 

// Code size 26 (0xla) 

.maxstack 1 

.locals init (object o) 

IL_@000: call void System.Console::WriteLine() 

IL_@005: newobj instance void System.Object::.ctor() 

IL_@00a: stloc.0 
IL_@00b: ldloc.0 

IL_@00c: callvirt instance int32 System.Object::GetHashCode() 

IL_@011: pop 
IL_@012: ldloc.0 

IL_@013: callvirt instance class System.Type System.Object::GetType() 

IL_@018: pop 
IL_@019: ret 

} // end of method Program::Main 

IIocKOJibKy mcto/p WriteLine mis. imcicm cia'niMCCKTiM, komiihjihtop C# Hcnojib3yeT 
AJiH ero Bbi30Ba iiHCTpyKiinio call. J\jw Bbi30Ba BiipTyaubHoro .vicio/pa GetHashCode 
npiiMeHaeTCH iniCTpyKHiia callvirt. HaKOHeu,, mcto.t GetType Taioicc Bbi3biliacica 
c iiomoiui.io HHCTpyKiiHii callvirt. 3 to Bi.iiviH/pm CTpaHHO, nocKOJibKy mcto/p GetType 
HeBiipTyajibHbiH. TeM He MeHee koa pa6oTaeT, noTOMy [ ito bo BpeMH JIT-komhhjihuhh 
CLR 3HaeT, hto GetType — 3 to HeBiipTyaubHbiH mcto/i,, h Bbi3biBaeT ero i[eiui|:nya.Ti>iio. 

Pa3yMeeTca, B03HincaeT Bonpoc: noneMy KOMniuiHTop C# He ncnojib3yeT HHCTpyKiiHK) 
call? PaapaooT'iHicn C# pemium, hto JIT-KOMraijuiTop nojiaceH reHepupoBaTb koa, 
KOTopbiii npoBepaeT, He paBeH jih null Bbi3biBaiomHH o6beKT. I Iootomv Bbi30Bbi He- 
BHpTyaJIbHblX .')K3CMII. : m|)l[blX MCTO/POli BbinOJIHHIOTCH HyTb MC/UTCIII ICC, 'I CM MOrjIII 6bl - 

a TaKace to, hto caenyromiiH koa b C# Bbi30BeT HCKjnoneHHe NullRef erenceException, 

XOTH B HeKOTOpbIX M.'ibl KTIX BCC pa 60 TaeT OTJIIIHHO. 

using System; 

public sealed class Program { 

public Int32 GetFiveQ { return 5; } 
public static void MainQ { 

Program p = null; 

Int32 x = p.GetFiveQ; // B C# BbiaaeTca NullReferenceException 

} 

} 
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Tcopci iricciai c oi n.vi koaom Bee b napHAKe. Xoth ncpcMCimaM p paBHa null, aah 
B bi30Ba HeBHpTyajibHoro MCTO/i,a Get Five cpc/tc CLR hco6xoahmo y3HaTb toamco run p, 
a 3to Program. IIpn Bbi30Be GetFive apryMem this paBeH null, ho b MeTOAe GetFive 
OH He HCnOJIb3yeTCH, IlOOTOMV HCKAIOHeHHH HeT. O/UiaKO KOMnilAHTOp C# BMeCTO IIH- 
CTpyKu,im call BCTaBJiaeT callvlrt, nosTOMy BbinoAHemie ico/ta npiiBCAeT k nbi/piac 
HCKJiiOHeHiiH NullReference Except ion. 

BHMMAHME 

Ecnu MeTOA onpefle/ieH KaKHeBi/ipTyaribHbin, He peKOMeHAyeica BAaabHePiiiieM AeaaTbero 
BupTya/ibHbiM. ripnHnHa b tom, hto HeKOTopwe KOMnunaTopbi Ann Bbi30Ba HeBupTya/ibHoro 
MeTOAa ucnorib3yiOT nHCTpyKLi,mo call BMecTO callvirt. Ecnu mctoa CAe/iaTb BnpTyanbHbiM 
n He nepeKOMnn/inpoBaib ccbmaiOLAHFica Ha Hero koa, BMpTyaribHbiM MeTOA SyAeT Bbi3B3H 
HeBupTyanbHO, b pe3y/ibTaTe npnjioxeHne MOxeT noBecm ce6a HenpeACKa3yeMO. Ecnn 
koa, coAepxaLAMti Bbi30B, HaniicaH Ha C#, Bee nponAeT HopMa/ibHO, nocKonbKy b C# 
Bee 3K3eMnaapHbie MeTOAbi Bbi3biBai0TCH c noMOiAbio nHCTpyKu,nn callvirt. Flo ecnu koa 
H ani/icaH Ha APyroM a3biKe, B03M0>KHbi npoGneMbi. 


HHor/ta KOMnmiHTop bmccto callvirt ncnojib3yeT aah Bbi30Ba BiipTyajibHoro 
MeTOAa KOMaHAy call. TaKoe iiobcachmc bmtahaht CTpaHHO, ho CACAyiomriii npiiMep 
noKa3biBaeT, no'ie.vty sto AeiicTBiiTejibHO 6biBaeT Heo6xoAHMO. 
internal class SomeClass { 

// ToString - BMpTyanbHbiii MeTOA 6a30Boro K/iacca Object 
public override String ToStringQ { 

// KOMnw/iflTOp ncnonb3yeT KOMaHAy call abb HeBnpTya/ibHOro BbBOBa 
// MeTOAa ToString Knacca Object 

// Ecnn 6bi KOMnnnflTop BMecTO call ncnonb30Ban callvirt, stot 

// MeTOA npoAonwan 6bi peKypcuBHo BbBbiBaTb caM ce6n ao nepenoAHeHun CTeKa 

return base.ToStringQ; 

} 

} 

npii Bbi30Be BiipTyaAbHoro mctoah base . ToString KOMmiJiHTop C# BCTaBJiaeT 
KOMaHAy call, hto6h mctoa ToString 6a30Boro Tima Bbi3biBajiCH nenHpTya.Tbiio. 3to 
Heo6xoAHMO, BeAb ecjrn ToString Bbi3BaTb BHpTyaAbHO, bm30b 6yAeT BbinojiHHTbCH 
peKypciiBHO ao ncpciio. ineima CTCKa noTOKa — hto, pa3yMeeTCH, HeaceAaTCAbHO. 

KoMmiAHTopw CTpeMHTCH ncnojib30BaTb KOMaHAy call npii Bbi30Be MeTOAOB, onpeAe- 
AeHHbix 3HaHiiMbiMii TiinaMH, nocKOAbKy ohii 3aneHaTaHbi. B stom cjiynae iio./ui\iop(])H3M 
HeB03M0KeH Aance aah BiipTyaAbHbix mctoaob, h bh30b BbinojiHHeTCH 6biCTpee. KpoMe 
toto, caMa npupoAa 3K3eMnAHpa 3HaHiiMoro Tima rapaHTiipyeT, hto oh HiiKorAa He 6yAeT 
paBeH null, iio.3TO.viy ncKJiiOHeHiie NullRef erenceExceptlon hc B03HiiKHeT. HaKOHeu,, 
A ah BiipTyaAbHoro Bbi30Ba BiipTyaAbHoro MeTOAa 3HanHMoro THna CLR hco6xoahmo 
noAyHiiTb ccbiAKy Ha o6beKT 3HaHiiMoro THna, hto6m B0cn0Ab30BaTbCH ero Ta6Aim,eH 
MeTOAOB, a 3to TpefiycT ynaKOBKii 3HaHiiMoro Tima. YnaKOBKa noBbimaeT iiarpv.iKv Ha 
Kyny, yBeAHHiiBan nacTOTy c6opKH Mycopa h cmiacaH npon3BOAHTeAbHOCTb. 
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He3aBHCiiMO ot naiormaycMon nna Bbi30Ba 3K3eMnjinpHoro 11.111 BiipTya/ibHoro 
MCTO/ta HHCTpyKpHH — call hjih callvint — out MeTOflbi iiccr/ui b nepBOM napaMeTpe 
IIO. IV'iaiOT CKpbITblH aprVMeilT this, CCbl. iaiOlUllilCM Ha o6beKT, C KOTOpbIM npOH3BO- 
AHTCH AeHCTBHH. 

IIpii npoeKTHpoBaHHH THna c.TC/yycT CTpeMHTbcn cbccth k MiiHiiMyMy ico/muccmo 
BiipTyajibHbix mcto/iob. Bo-nepBbix, BiipTyajibHbiii MeTO/i Bbi3biBaeTca Me/yieHHee HCBiip- 
TyajibHoro. Bo-btophx, JIT-KOMnujiHTop He MoaceT n oacthb jiHTb (inline) BupTyajibHbie 
MeTOAbi, 'no Taioicc yxynmacT nponabo/nrre.TbiiocTb. B-TpeTbHx, Kan noKa3aHO na/iee, 
BHpTyanbHbie MeTOAbi 3aTpy/i,imiOT ynpan.Tenne iicpcn mm 11 icomiioiichtoh. B-'icmepi bix, 
npn oiipcncjicim 11 6a30Boro Tima Macro coa/picrca Ha6op neperpyaceHHbix mcto/iois. 
x lTo6bi c;i,e. : iaTi) hx ik.ixihmo])())iii>i\i 11 , jiynnie Bcero c/yviaTb Han6ojiee cjiovk' 1 ii>i ii mcto/i, 
BiipTyajibHbiM, ocTaBHB /ipyrnc mcto/i,im iieinipTya.TbiibiMii. KcTaTH, coonionenne otoio 
npaBiuia noMoaceT ynpaB/iHTb BepcmiMii komhohchtob, He Hapyman pa6oTy npoii3BO,a,- 
Hbix THnoB. 11 ]) 11 iie/iCM npriMep: 

public class Set { 

private Int32 m_length = 0; 

// 3tot neperpyxeHHbiii MeTOfl - HeBnpTya/ibHbifi 
public Int32 Find(Object value) { 
return Find(value, 0 , m_length); 

} 

// 3tot neperpyxeHHbiii MeTOfl - HeBnpTya/ibHbiii 
public Int32 Find(Object value, Int32 startlndex) { 
return Find(value, startlndex, m_length startlndex); 

} 

// Han6o/iee <j)yHKi 4 MOHa.jibHbiii MeTOfl cfleaaH BupTya/ibHbiM 

// n MOxeT 6biTb nepeonpeae/ieH 

public virtual Int32 Find(Object value, Int32 startlndex, Int32 endlndex) { 

// 3flecb HaxoflnTCfl HacTOBinaa pea^M3aMnn, KOTopyio moxho nepeonpefleaniTb... 

} 

// flpyrne MeTOflbi 

} 

Pa3yMHoe ucno/ib30BaHue bi/iai/imoctm TiinoB 
1/1 MOflucfjMKaTopoB AOCTyna k H/iGHaM 

B .NET FrameworknpruioaceHiin coctohth 3 TimoB, onpe/ie/ieinibix b MnorouncTeinibix 
c6opKax, co3/i,aHHbix pa3.;niMiii)iMii Ko.viiiaiin mm 11 . 3to oisnauacT nparcranecKH no.inoe 
OTcyTCTBHe KOHTpoan Han 11 c 110 .Tb. 3 yc.Mbi.Mi 1 KOMnoHeHTaMii h TiraaMii. PaspaooTuiiKy 
o6bIMHO IIC/IOCM V 1 1CII HCXOAHblH 1(0/1, ICO.M II01ICIITOI! (OH MOaCCT /PI/ICC He 3HaTb, Ha KaKOM 

M3i>iKC ohh HamicaHbi), k TOMy ace Bepcrai komhohchtob ooiioh. ihiotch b pa3Hoe Bpe- 
mh. Bo/iee Toro, H3-3a nounMopijinaMa h nan nun a 3ammn;eHHbix M/ienon paapaooTunic 
6a30Boro K/iacca /to/iaccn AOBepuTb ico/py pa/spaooTunica npori3BO/i,Horo K/iacca. B cboio 
onepenb, pa3pa6oTHHK npori3BOAHoro K/iacca no/iaceH AOBepHTb Koay, Hac/ieayeMOMy ot 
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6a30Boro Kjiacca. 3 to jiiirnb nacTb orpamiHemiH, c kotophmii npiixo/uiTca CTajiKiiBaTbca 
npn pa3pa6oTKe KOMnoHeHTOB h thiiob. 

B 3tom pa3/i,ejie a paccKaacy o tom, KaK npoeKTiipoBaTb Timw c yneTOM 3 tiix cjiaKTopoB. 
A ecjiH roBopiiTb KOHKpeTHO, p<“ii. iioi ; i;i,c'[' o tom, KaK npaBiuibHO 3anaBaTb BH/piMOCTb 
THnoB h MOAH(|)HKaTopbi nocTyna k ajieHaM. 

B nepByio onepenb npn onpeAejieHim hoboto THna KOMmuiHTopaM cjienoBajio 6bi 
no yMO./1'iamiio /i,ejiaTb ero aaiiciaTaimiiiM. Bmccto 3Toro 6ojibiniiHCTBO komhiijihto- 
poB (b tom nncjie C#) nocTynaiOT KaK pa3 Hao6opoT, cniiTaa, hto nporpaMMHCT npn 
iico6xo/i,hmocth caM mo/KCt aancia'iaTb KJiacc c iiomoiumo K. iioacBom cjiOBa sealed. 
Bbuio 6bi Hennoxo, ecjra 6bi HenpaBiuibHoe, Ha moh isaivia/i,, iiouc/lofi itc, iipe/uiarae.vioe 
no yMOJi'iamno, b tvie/p,yioiPinx nepcnax KOMnnjiaTopoB H3MeHiuiocb. EcTb Tpn BecKne 
npuniiHbi b nojib3y Hcnojib30BamiH aanciaTamibix KJiaccoB. 

□ ynpaBJieHHe BcpcnaMH. Ecjiii KJiacc iiana'ia.iMio aaiie'iaTaii, ero m[OC./ie;icmiin 
mojkho c/i,ejiaTb He3aneHaTaHHbiM, He Hapymaa coBMecTHMOCTii. O/iHaKo o6paTHoe hc- 
B03M05KH0, nOCKOJIbKy 3TO liapy IIIH./IO 6bl pa6oTy BCex npOII3BO/],HbIX KJiaCCOB. KpOMe 
Toro, ecjra b i[e3ai[C l )a'iai[i[()M KJiacce onpenejieHbi iieaaiiC'iaTaiim.ie niipry;i.Tr>[ii>ie 
MeTOAbl, I[Co6xO/I,HMO COXpailMTI) nOpHAOK BbI30Ba BIipTyajIbHbIX MeTOAOB B HOBbIX 
Bepcnax, hi pane b 6y;iyinc.vi B03HiiKHyT npo6jieMbi c iipoii;siso,i,iii>i\in TnnaMH. 

□ IIpOH3BOflHTeJIbHOCTb. KaK V>KC OTMC'iajlOCP), HeBIipTyajIbHbie MeTOAbl BbI3bIBaiOTCH 
6biCTpee BiipTyaubHbix, nocKOJibKy /via iiocjic/piiiix CLR bo is pc .vim iji>iii r). pppciphxi 
npoBepaeT Tnn o6beKTa, 'ito6i>i BbiacmiTb, rue HaxoflHTca mcto;l CXiiiano, BCTpe- 
thb Bbi30B BiipTyaubHoro mcto/ui b .■iaiPCPa'i aimoM Tnne, JIT-KOMminaTop MoaceT 
creHepupoBaTb 6ojiee 3())())eiC[ iiisiu,iii i<o/p aa/tciicp iioiiaii i pcis npp pyai. i p> 11iaii Bbi30B. 
3 to B03M0acH0 noTOMy, mto y aaiic'paaaimoi'o Kjiacca He MoaceT 6biTb npoii3Bop,Hbix 
KJiaccoB. ElanpriMep, b c.;ie/i,yioineM ko/p,c J I'I'-ixomi p ii./p^i io]) MoaceT Bbi3BaTb BiipTy- 
ajibHbiii mcto/p, ToStning ipeiuipTya.iiapo: 

using System; 

public sealed class Point { 
private Int32 m_x, m_y; 

public Point(Int32 x, Int32 y) { m_x = x; m_y = y; } 

public override String ToStringO { 

return String.Format("({0}, {1})", m_x, m_y); 

} 

public static void MainQ { 

Point p = new Point(3, 4); 

// KoMnin/ifiTop C# BCTaBMT Bflecb nHCTpyKamo callvirt, 

// HO DIT-KOMnkiaBTOp 0nTMMM3MpyeT 3TOT Bbl30B M CreHepHpyeT KOfl 
// fl/ia HeBMpTya/ibHOro Bbi30Ba ToString, 

// nocKO/ibKy p HMeeT Tun Point, HB/iniomHiicH 3aneHaTaHHbiM 
Console.WriteLine(p.ToString()); 

} 

} 
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□ Ee3onacHoerb h i i p c a c ica 3 y e m o ctb . Coctohiiiic KAacca aoaacho 6biTb na/ioiaio 
3amnmeHO. Ecah KJiacc He aaiiCMa ian, npoii3BOAHbift KAacc mo>kct H3MeHHTb ero 
cocTOHHiie, BOcnojib30BaBmiicb iiesamiimeimi.iMii noAHMii hjih mctoahmii 6a30Boro 
KJiacca, H3MeHHiomHMH ero AOCTymibie He3aKpbiTbie nojia. KpoMe Toro, b npoii3BO- 
Ahom KJiacce moacho nepeonpeACAHTb BiipTyajibHbie mctoam h He Bbi3biBaTb peajin- 
3an,Hio cooTBeTCTByromiix vie 10/toe 6a30Boro KJiacca. Ha.'sna'iaa mctoa, cbohctbo 
h co6biTHe BiipTyajibHbiM, 6a30BbiH KJiacc ycTynaeT HCKOTopyio CTeneHb i/om pojiM 
haa ero noBeAeHiieM h coctohhhcm npoii3BOAHOMy K/iaccy, hto npn HeyMeAOM o6pa- 
meHHH MoaceT Bbi3BaTb HenpeACKa3yeMoe noBeAemie h npo6AeMbi c 6e3onacHOCTbio. 

BeAa b tom, tio aaiic'iaTamibie Kaaccbi MoryT co3AaTb iiapaAiibie HeyAo6cTBa aah 
noAb30BaTeAefi Tiina. Pa3pa6oTHHKy npiuioaceHiiH MoaceT noHaAo6HTboi npoii3BOAHbift 
THn, B KOTOpOM 6yAyT Ao6aBJieHbI AOnOJIHHTeAbHbie nOAH HAH Apyraa HH(j)OpMaiI,HH 
o coctohhhh. Ohh Aaace MoryT nonbiTaTbcn Ao6aBHTb b npoii3BOAHOM THne AonoAHii- 
TeAbHbie MeTOAbi aah pa6oTbi c 3THMH noAHMii. Xoth CLR HC npCAOCTaBAHeT MexaHii3Ma 
pacrimpeiiiiM yace nocTpoeHHbix thhob BcnoMoraTeAbHbiMii MeTOAaMH hah iioahmh, 
BCHOMOraTeAbHbie MeTOAbi MOACHO HMHTHpOBaTb npn nOMOIAH MeTOAOB paCIHIipeHIIH 
C# (cm. rAaBy 8), a aah pacmiipeHiiH coctohhhh o6beKTa MoaceT HcnoAb30BaTbCH KAacc 
ConditionalWeakTable (cm. raaBy 21). 

Bot HecKOAbKO npaBiiA, KOTopbiM h CAeAyK) npn npoeKTiipoBaHiiii kahccob: 

□ Ecah KAacc He npe/uia.iiia'ieii aah HacAeAOBaHiiH, h BcerAa hbho o6bHBAHio ero 
aaiic'iaTainibiM. KaK yace oTMenaAocb, C# h MHonie coBpeMeHHbie komhhahtopm 
nocTynaiOT imaac. Ecah hct hco6xoahmocth b npeAOCTaBAeHiiii ApyniM c6opKaM 
AOCTyna K KAaCCy, OH o6bHBAHeTCH BHyTpeHHIIM. K C'laCTblO, HMCHHO TaK bcact ce6n 
no yMOAHaHiHD KOMraiAHTop C#. Ecaii h xony onpeACAiiTb KAacc, npeAHa3HaHeHHbiii 
AAH C03AAHHH npOH3BOAHbIX KAHCCOB, OAHOBpeMCHHO 3anpeTHB CTO CneUIiaAH3artIH0, 

h AOAaceH nepeonpeAeAHTb h aaiie'iaTaTb Bee BiipTyaAbHbie mctoah, KOTopbie Ha- 
CAeAyeT moii KAacc. 

□ Bee noAH AaHHbix KAacca BcerAa oSbhbahiotch 3aKpbiTbiMii, h b atom h HiiKorAa He 
ycTynAio. K ciacTbio, no yMO/iaamiio C# nocTynaeT HMeHHO TaK. Boo6me roBopH, 
H 6bl lipe/OIOae/l, HTo6bI B C# OCTaAHCb TOAbKO 3aKpbITbie nOAH, a o6bHBAHTb HX 
co cneuinjjHKaTopaMH protected, internal, public h t. a. 6bmo 6bi 3anpemeH0. 
/[.ocTyn k cocTOHHiiio o6beKTa — BepHbiii nyTb k HenpeACKa3yeM0My noBeAeHiiio 
H npo6ACMaM c 6e3onacHOCTbio. Bp it o6bHBAeHiiii iio/ieii BHyTpeHHiiMii (internal) 
TaKace MoryT B03HiiKHyTb npo6ACMbi, nocKOAbKy Aaace BHyTpn oahoh c6opKii oneHb 
TpyAHO OTCAeAHTb nee o6pameHiiH k noAHM, oco6eHHO KorAa haa Heft pa6oTaeT He- 
CKOAbKO paapaOOI 'HIKOI!. 

□ Mctoah, CBOiicTBa h co6hthh KAacca h BcerAa o6bHBAHio 3aKpbiTbiMii h HeBiipTy- 
aAbHbiMii. K caacTbio, C# no yMOJiaamno AeAaeT hmchho TaK. Pa3yMeeTCH, hto6h 
TH nOM MOaCHO 6bIA0 B0Cn0Ab30BaTbCH, HeKOTOpbie MeTOAbi, CBOIICTBa II Co6bITHH 
AOAACHbl 6bITb OTKpbITbIMH, HO AyHHie He ACAHTb HX 3amiimeHHbIMH HAH BHyTpeH- 
HIIMII, nOCKOAbKy 3T0 MOACeT CAeAaTb THn yH3BHMbIM. Hi[])0'[e.VT, 3amiimeHHblft HAH 
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BHyTpeHHiiii ujieH Bce-TaKH jiyume BiipTya/ibHoro, nocKOJibKy nocjic/uiiiii ripc/to- 
CTaBjiaeT npoii3BO/i,HOMy KJiaccy do/ibimie bo3mo5khocth h Bceu,ejio 3aBiiCHT ot 
KOppeKTHOCTH erO IIOBC/lCmiM. 

□ B oon ecTb npoBepeHHbiii BpeMeHeM npwinmi: «jiymiiHH mcto/i, 6opb6bi co cjioac- 

HOCTbK) — /[.OOaii. K'IIHC HOBbIX TimOB». ECJIII pCajW3aHIT5T ajirOpiITMa 'ipC3MC|)llO 
ycjioacHHeTCH, c/ic/iycr onpe/iejiHTb BcnoMoraTe/ibHbie thiuj, hiik ancy jih p v to i n it c 
'ia<"n> (jiyiiKunoiia. iiiiiocTH. Ecjiii BcnoMoraTe/ibHbie ranbi Hcnojib3yiOTCH b c/ 1 , 1111 - 
CTB6HHOM cyneprane, cjie/iyeT cae/iara hx BjioaceHHbiMii. 3 to no3BOjniT ccbijiaTbca Ha 
hi-ix uepe3 cynepran h no3BOJiiiT iim o6pamaTbca k 3amiimeHHbiM u/ieHaM cyneprana. 
0/iHaKO cymecTByeT npaBiuio npoeKrapoBaHira, npiiMeHCHHoe b yrajiHTe FxCopCmd. 
exe Visual Studio h peKOMCH/Lyiomee onpenejinTb o6me,a,ocTynHbie BjioaceHHbie ranbi 
b odjiacTH bh/uimocth <};)aii./ia 11.111 coopioi ( 3 a iipc/a‘. : ia.viii cyneprana), nocKOJibKy 
HeKOTopbie paapaooT'iiiKH ciHTaior cHHTaKcnc oopaiuciuia k i5. io>kcii 1 i i>i\ i Tiiiia.vi 
rpoM03/i,KHM. H coo.iio/uiio 3 to npaBiuio, h HHKor/ia He oii|)c;i,e. : iaio OTKpbiTbie bjio- 
>K('II Iliac THnbl. 


Pa6oTa c BupTya/ibHbiMu MeTOflaMn 
npn ynpae/ieHHM eepcuflivm mnoB 

KaK y>icc OTMC'ia./iocb, ynpaB/iemie licpciiMMii — BaacHbiii acneKT KOMnoHeHTHoro npo- 
rpaMMHpoBaHiia. HeKOTopbix ii|X)6. : ie.vi a KOCHyjica b iviaise 3 (TaM pea a nuia o coopicax 
co CTporHMH HMeHaMH h o6cyac/i,ajiHCb Mepbi, no3BOJunomiie a,a,MiiHiiCTpaTopaM rapaH- 
THpOBaTb npiIBH3Ky npiUIOaCCHIIH IIMeHHO K TeM cdopKaM, C KOTOpbIMH OHO 6bIJIO no- 
CTpoeHO h npoTecTupoBaHo). 0 , 1,1 laico npn ynpaBjieHini a open simh B03Hiiicai0T h npyrne 
C.'IO/K110CTH C COBMeCTHMOCTblO Ha ypOBHe HCXOAIIOIO K( 1/1,3. B UaCTHOCTH, C/IC/tVCT 6bITb 
oueHb ocTopoacHbiMii npn flo6aBJieHim h H3MeHeHHH hjichob 6a30Boro Tima. PaccMOTpiiM 
HeCKOJIbKO npiIMepOB. 

IlycTb paapaooT'iii Ka.vui KOMnamin CompanyA cnpoeKTHpoBaH ran Phone: 

namespace CompanyA { 
public class Phone { 
public void Dial() { 

Console.WriteLine("Phone.Dial"); 

// Bbino/imuTb AeiiCTBnfl no Ha6opy Te/ie<j)OHHoro HOMepa 

} 

} 

} 


A Tenepb npe/LCTaBbre, uto b KOMnaHHH CompanyB cnpoeKTiipoBajin npyroii ran, 
BetterPhone, iicno/ib3yiomiiii ran Phone b Kauecrae 6a30Boro: 

namespace CompanyB { 

public class BetterPhone : CompanyA.Phone { 
public void Dial() { 

Console.WriteLine("BetterPhone.Dial"); 

EstablishConnection(); 


npodojiwemie & 
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base.Dial(); 

} 

protected virtual void EstablishConnection() { 

Console.WriteLine("BetterPhone.EstablishConnection"); 
// Bbino/iHMTb flePtCTBMfl no Ha6opy Te/ie<j)OHHoro HOMepa 

} 

} 

} 


Ilpii nonbiTKe CKOMmiJiiipoBaTb CBoii koa pa3pa6oTHHKii KOMnaHim CompanyB nojiy- 
aaiOT ot KOMniuiHTopa C# npeAynpeacAeHiie: 

warning CS0108: 'CompanyB.BetterPhone.DialQ' hides inherited member 

'CompanyA.Phone.Dial()'. Use the new keyword if hiding 
was intended. 

Cmhcji b tom, hto MeTOfl Dial, onpenejuieMbiH b Time BetterPhone, cicpoeT oaho- 
HMeHHbiH mctoa b Phone. B hob oii BepcHH MCTO/i,a Dial ero ceMaHTHKa moacct CTaTb 
coBceM hhoh, i teacea ii Ta, 'no oiipcAcaena nporpaMMHCTaMH KOMnaHim CompanyA b iic- 
xoahoh BepCHIi MCTO/ta. 

1 IpcAyiipoK/icmie o TaKHx noTeHiinajibHbix ceManTH'iecKnx HecooTBeTCTBHux — 
oneHb nojie3Haa cjiyHKiiiiH KOMmuiHTopa. KoMmuiHTop TaKace noACKa3biBaeT, KaK 
H36aBHTbca ot aToro npeAynpeacAeram: Hyamo nocTaBHTb KmoaeBoe caobo new nepeA 
oiipcACJKTme.vi mctoah Dial b Kaacce BetterPhone. Bot KaK bbhahaht hci r|)an. ieiif[ i>iit 
K aacc BetterPhone: 

namespace CompanyB { 

public class BetterPhone : CompanyA.Phone { 

// 3tot MeTOA Dial hmiok He CBB3aH c oflHOMMeHHbiM MeTOflOM K/iacca Phone 
public new void DialQ { 

Console.WriteLine("BetterPhone.Dial"); 

EstablishConnection(); 
base.DialQ; 

} 

protected virtual void EstablishConnection() { 

Console.WriteLine("BetterPhone.EstablishConnection"); 

// Bbino/iHMTb fleiiCTBMfl nO yCTaHOB/ieHHK) COeAMHeHHB 

} 

} 

} 


Tenepb KOMnaHiia CompanyB MoaceT ncnoAb30BaTb b CBoeM npiiaoaceHini Tim 
BetterPhone CAeAyiomiiM o6pa30M: 

public sealed class Program { 
public static void MainQ { 

CompanyB.BetterPhone phone = new CompanyB.BetterPhone(); 
phone.DialQ; 

} 

} 
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IIpii BbinojiHeHiiii 3Toro K'o/i,a bmboahtch caiyiyiomaa micfiopManna: 

BetterPhone.Dial 
BetterPhone.EstablishConnection 
Phone.Dial 

Pe3yjibTaT CBimeTeiibCTByeT o tom, hto koh BbinojimieT n.vteimo Teaciicrmia, koto- 
pbie HyacHbi KOMnaHim CompanyB. IIpii Bbi30Be Dial Bbi3biBaeTcn HOBan Bepciia 3 toto 
mcto/kc onpenejieHHaa b itiiic BetterPhone. OHa CHana.na Bbi3biBaeT BiipTyajibHbiii 
mcto/e, EstablishConnection, a 3aTeM — ncxo/uivio Bepcnio MeTO/ia Dial H3 6a30Boro 
rana Phone. 

A Tenepb npc;i,CTaiuiM, hto hcckojibko KOMnamni penman iicnojib30BaTb thii Phone, 
C03AaHHbIH B KOMIiaHHH CompanyA. /(.OIIVCTHM TaiGKC, HTO BCe OKU COHJIH nOJie3HbIM 
ycTaHOBjieHiie coeniiHeHiia b caMOM Mera/ie Dial. 3 th OT3biBbi 3acTaBiiJin pa3pa6oTHincoB 
KOMnaHim CompanyA ycoBepineHCTBOBaTb Kjiacc Phone: 

namespace CompanyA { 
public class Phone { 
public void Dial() { 

Console.WriteLine("Phone.Dial"); 

EstablishConnection(); 

// Bbino/iHHTb AeiiCTBna no Ha6opy Tene<j)OHHoro HOMepa 

} 

protected virtual void EstablishConnection() { 

Console.WriteLine("Phone.EstablishConnection"); 

// Bbino/iHnTb AeiicTBna no ycTaHOBAeHMH) coeAMHeHna 

} 

} 

} 

B peayainaTC Tenepb paapaooT'iiiKn KOMnamni CompanyB npn komiiii.imhii n CBoero 
Tima BetterPhone (npoii3BOA,Horo ot hoboh BepcHH Phone) nonynaiOT cjienyiomee 
npeuynpeacneHiie: 

warning CS0114: 'BetterPhone.EstablishConnection()' hides inherited member 

'Phone.EstablishConnection()'. To make the current member override 
that implementation, add the override keyword. Otherwise, 
add the new keyword 

B HeM roBopnTCH o tom, hto ' BetterPhone. EstablishConnection()' CKpbiBaeT 
yiiac. : ie;a)isaimbiii mien ’ Phone. EstablishConnection() 1 , n >no6p>i TeKymim mien 
nepeonpenejimi peajni3auiiio, Hyamo BCTaBiiTb KjnoneBoe cjiobo override; b npoTiiBHOM 
ciiynae HyacHO BCTaBiiTb kvnonenoe cjiobo new. 

To ecTb KOMniuiHTop npeuynpeacnaeT, hto KaK Phone, TaK n BetterPhone npe/pia- 
raiOT MeTOA EstablishConnection, ceMaHTinca KOToporo MoaceT OTjmnaTbCH b pa3Hbix 
KJiaccax. B stom cnynae npocTan iicpcKOMi ihji>thh>t BetterPhone ooanme He MoaceT 
rapaHTiipoBaTb, hto HOBan Bcpciia MCTO/ia 6ya,eT pa6oTaTb TaK ace, KaK npeacmni, onpene- 
aennan b Time Phone. 
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Ecjih b KOMnaHiiii CompanyB pernaT, hto ceMaHTHKa MeTOAa EstablishConnection 
b 3thx aiiyx Tiraax o iviiriac'ica, Kovum.ia'iopy 6vact yKa 3 aHO, hto <<npaBHjibHbiMii>> 
hbahiotch MeTO/i,bi Dial h EstablishConnection, onpeAejieHHbie b BetterPhone, 
h ohh He ciiM 3 aiii>i c o/iiioii.vieimbiMii MC'io/yiMii ii 3 6 a 30 Boro THna Phone. stoto 
paspaoo'i'iii kii KOMnaHHH CompanyB Ao 6 aBAH iot k. iiomchoc cjiobo new b oiipcACAcmie 
EstablishConnection: 

namespace CompanyB { 

public class BetterPhone : CompanyA.Phone { 

// K/iKweBoe c/iobo 'new' ocTaB/ieHO, HTo6bi yxasaTb, 

// hto 3tot MeTOfl He CB«3aH c MeTOflOM Dial 6a30Boro Tuna 
public new void DialQ { 

Console.WriteLine("BetterPhone.Dial"); 

EstablishConnection(); 
base.DialQ; 

} 

// ICmoHeBoe c/iobo 'new' yKa3biBaeT, hto 3tot MeTOA 

// He cBH3aH c MeTOAOM EstablishConnection 6a30Boro Tuna 

protected new virtual void EstablishConnectionQ { 

Console.WriteLine("BetterPhone.EstablishConnection"); 

// BbinO/IHMTb fleHCTBMfl fl/lH yCTaHOB/ieHHB COeflMHeHHH 

} 

} 

} 


3/iecb KJiiOHeBoe cjiobo new 3acTaBAHeT KOMmiAHTop creHepupoBaTb MeTanaH- 
Hbie, HHcjiopMiipyiomiie CLR, hto onpeneJieHHbie b BetterPhone mctoam Dial 
h EstablishConnection cacavct paccMaTpHBaTb KaK HOBbie c)iyiiKHHH, iiiic/iciim<i(‘ 
B 3TOM THne. IIpiI 3TOM CLR 6y/l,CT H3BeCTHO, HTO o/u 10HMCMIII [>l0 MeTOAbI THnOB Phone 
ii BetterPhone hiikak He c nn.sai [ i.r . 

IIpH BbinonHeHiiii toto Ace npiiAOAceHiiH (MeTOAa Main) bmboahtch iiH(jiopMaH,HH: 

BetterPhone.Dial 
BetterPhone.EstablishConnection 
Phone.Dial 

Phone.EstablishConnection 

OTCiOAa bhaho, hto, kotah Main o6pam,aeTCH k mctoay Dial, Bbi3bmaeTCH Bep- 
cim, onpeAeAeHHan b BetterPhone. /],aAee Dial Bbi3MBaeT BiipTyaAbHbiii Me- 
toa EstablishConnection, TaKAce onpeAeAeHHbiii b BetterPhone. KorAa mctoa 
EstablishConnection Tima BetterPhone B03BpamaeT ynpaBAemie, Bbi3biBaeTca 
MeTOA Dial rana Phone, Bbi3biBaiomHH mctoa EstablishConnection stoto THna. Ho 
nocKOJibKy MeTOA EstablishConnection b rane BetterPhone noMeneH KmoneBbiM 
caobom new, bbi30b 3toto MeTOAa He CHHTaeTCH nepeonpeAeAeHiieM BiipTyaAbHoro 
MeTOAa EstablishConnection, hcxoaho oiiptyicjieimoi'o b THne Phone. B pe3yAbTaTe 
MeTOA Dial Tima Phone Bbi3biBaeT mctoa EstablishConnection, onpeAeAeHHbiii b Time 
Phone, hto h Tpe6oBaAOCb ot nporpaMMbi. 
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nPMMEHAHME 

Ec/ 11/1 6bi KOMnw/inTop no yMO/inaHmo CHi/iTan MeTOflbi nepeonpeAe/ieHnsMH (KaK C++), 
pa3pa6oTHHKn Tuna BetterPhone He CMomn 6bi ncnonb30Baib b HeM HMeHa mgtoaob Dial 
n EstablishConnection. BepoaTHO, npn n3MeHeHnn HMeH stux mgtoaob HeraTnBHbm acja- 
cJieKT 3aTpoHeT bckd KOAOByK) 6a3y, Hapyuiaa coBMecTMMOCTb Ha ypoBHe mcxoahoto TexcTa 
v\ abomhhoto KOAa. OSbiHHO TaKoro poAa n3MeHeHMH c Aa/iexo havlahmh nocxeACTBMnMn 
HexenaTenbHbi, ocobeHHO b cpeAHMx m xpynHbix npoeicrax. OAHaKO ecrin n3MeHeHne i/imghu 
M eTOAa KOCHeTcn numb hgo6xoahmocth obHOB/ieHi/ia hcxoahoto TexcTa, c/ieAyeT noitrn 
Ha 3 to, HToSbi OAHHaxoBbie HMeHa MeTOAOB Dial v\ EstablishConnection, o6/iaAaiOLAne 
pa3Hoti ceMaHTMKOM b pa3HbixTnnax, He bboahjim B3a6/iy>KAeHne APyrwx pa3pa60TinK0B. 

AjibTepHaTHBHoe pememie: CompanyB, nojiyniiB ot CompanyA HOByio nepaiio THna 
Phone, peinaeT, tio TCKyinaH ceMaHTHKa mgtoaob Dial h EstablishConnection Tuna 
Phone — 3to hmciiiio to, tio ny>Kno. B otom CAynae b CompanyB nojmocTbio yxa./iM iot 
mctoa Dial H3 Tuna BetterPhone. IIocKOJibKy Tenepb pa3pa6oTHHKaM CompanyB iiy>Kno 
yKa3aTb KOMnHAHTopy, tio mctoa EstablishConnection rana BetterPhone cb naan 
c OAHOHMeHHbiM mctoaom Tuna Phone, HyscHO y/pLTirn, H3 ero onpeAejieHiin k. iiomcboc 
cjiobo new. yAa.Temis-i K.Tio'teisoro c.TOisa nc/tociaio'ino, TaK KaK komiihamtop hc iioumct 
npe/niaananemia MCTOAa EstablishConnection Tima BetterPhone. M ioobi Bbipa3HTb 
HaMepemin hbho, pa3pa6oTHHK H3 CompanyB AO.T>i<en H3MeHHTb MOAH<j)iiKaTop onpeAe- 
jieHHoro b Tune BetterPhone MeTOAa EstablishConnection c virtual Ha override. 
Koa hoboh BepcHH BetterPhone bmfahaht TaK: 
namespace CompanyB { 

public class BetterPhone : CompanyA.Phone { 

// MeTOfl Dial yfla/ieH (Tax xax oh Hac/ieflyeTcn ot 6a30Boro Tuna) 

// 3flecb K^wseBoe caobo new yflaneHO, a MOflH(|)m<aTop virtual 3aMeHeH 
// Ha override, HTo6bi yxa3aTb, hto stot MeTOA cBH3aH c mbtoaom 
// EstablishConnection m3 6a30Boro Tuna 
protected override void EstablishConnection() { 

Console.WriteLine("BetterPhone.EstablishConnection "); 

// Bbino/iHHTb AePicTBMfl no ycTaHOB/ieHwo coeflHHeHHn 

} 

} 

} 


Tenepb to ace npiMoaceHiie (mctoa Main) bmboaht CAeAyromHii pe 3 yjibraT: 

Phone.Dial 

BetterPhone.EstablishConnection 

Bhaho, hto KorAa Main Bbi 3 biBaeT mctoa Dial, libi.sbiiiacTCM Bepcn a aroro MeTOAa, 
onpeAeAeHHaji b Time Phone h yiiacjiCAObaimaH ot Hero THnoM BetterPhone. /lyuiec, 
KorAa mctoa Dial, onpeAeJieHHbiii b Time Phone, BM3biBaeT BiipTyajibHbiii mctoa 
E stablishConnection, Bbi 3 biBaeTca OAHOHMeHHbrii mctoa Tima BetterPhone, TaK 
KaK oh nepeonpeAexaeT BupTyajibHbiH mctoa EstablishConnection, onpeAejiaeMbiii 
TiinoM Phone. 


nasa 7. KoHCTaHTbi u no/in 


B 3toh rjiaBe noKa3aHO, KaK £,o6aBHTb k THny Hjienbi, co^ep^Kamne zjaHHbie. B nacTHOCTH, 
MbI paCCMOTpHM KOHCTaHTbl H IIOJIH. 


KOHCTaHTbl 

KoHcmamna (constant) — oto n/[,cirm())iiKa'iop, anancime KOToporo nmcor/ia He Me- 
HaeTCH. SiiaMCirne, CHMaaiinoe c hmchcm KOHCTaHTbl, aojiacho onpeAeAHTbca bo ape mm 
KOMnHjianHH. 3aTeM komhhjihtop coxpaHneT 3HaneHHe KOHCTaHTbl b MeTaAaHHbix 
MOflyjia. 3to ananiiT, tio KOHCTaHTbl mojkho onpeAejiHTb to. imco aah TaKiix tihiob, 
KOTOpbie KOMnHJIHTOp CHMTaCT npHMHTHBHbIMH. B C# CJICAVIOIIIUC THnbl CIUTaiOTCM 
npuMHTHBHbiMH h MoryT ncilo.ib.'soiiai bCM ajih oiipcACJiemin KOHCTaHT: Boolean, Char, 
Byte,SByte, Intl6, UIntl6, Int32, UInt32, Int64, UInt64, Single, Double, Decimal 
h String. TeM He MeHee C# iioano.iMCT oiipeACjniTb KOHCTaHTHyio nepeMeHHyio, He ot- 
nocMinyiocM k .ojic.viemapiio.vty l uny, ecjni npiiCBOHTb eii aiiaMeimc null: 

using System; 

public sealed class SomeType { 

// HeKOTopbie Tunbi He ab/ihiotcs 3/ieMeHTapHbiMn , ho C# flonycKaeT cymecTBOBaHne 
// KOHCTaHTHbix nepeMeHHbix 3tmx TwnoB noc/ie npucBaMBaHMfl 3HaneHHfl null 
public const SomeType Empty = null; 

} 

TaK KaK .iiia'ieime KOHCTaHT HHKorna He mckmctcm, KOHCTaHTbl Bcerna cniTaiOTCM 
nacTbio Tuna. 14na'ie roBopa, KOHCTaHTbl ctmaiOTCM CTaTUMCCKiiMu, a He dicscmi i.imi p>- 
HbIMH 'f.TCIiaMII. Ol[|)CMCjK‘lllie KOHCTaHTbl ll|)llli();i,UT B KOIIC'IIIOM HTOTe K CO.'i/UIIIIIIO 
MCTa/i,aimi)ix. 

BCTpeTHB B IICXOAHOM TeKCTe IIMH KOHCTaHTbl, KOMnHJIHTOp npOCMaTpiIBaeT MeTaASH- 
Hbie MOAyjiH, b kotopom OHa oiipc/tcjicna, H3BJieKaeT siiaacmie KOHCTaHTbl h biicaphct 
ero b renepiipycMbiii hm IL-koa. IIocKOJibKy 3 f latici 111 c KOHCTaHTbl biicaphctch npaMO b 
KOA, B nepiIOA BbinOJIHeHHH naMHTb AAH KOHCTaHT He bbiae.TM CTCM. KpOMe Toro, I fC I b.3H 
no.iyaaTb a/i,pcc KOHCTaHTbl 11 nepe^aBaTb ee no ccbuiKe. 3 th orpaHiiaeHHH Taioice 03Ha- 
'taiOT, TIO H3MeHHTb 3l[a‘ICmiM KOHCTaHTbl B pa3HbIX BCpCHHX MOAVMM HejIb3H, IIOOTOMy 

KOHCTaHTy 1 ia/1,0 iicnojib30BaTb, TOJibKO Koraa tohho h3bcctho, tio ee anaaeime miKor/ia 
He H3MeHHTCH (xopoiHiiii npirnep — onpeAejieHiie KOHCTaHTbl Maxlntl6 co .snaMCimcM 
32767). IIohchio Ha npimepe, tio h imeio b ishav. Bo3bMeM koa h CKOMniunipyeM ero 
b DLL-c6opKy: 


KOHCTaHTbl 21 1 


using System; 

public sealed class SomeLibraryType { 

// nPMMEHAHME: C# He no3BonfleT ncnonb30BaTb aah KOHCTaHT MOAn<t>MKaTop 
// static, nocKO/ibKy Bcerfla noApa3yMeBaeTca, hto KOHCTaHTbl HB/iniOTCfl 
// CTaTHHeCKHMH 

public const Int32 MaxEntriesInList = 50; 

} 

3aTeM nocTpoHM c6opKy npiiAoaceHiiH m CAiyiyiomero KOAa: 
using System; 

public sealed class Program { 
public static void Main() { 

Console.WriteLine("Max entries supported in list: " 

+ SomeLibraryType.MaxEntriesInList); 

} 

} 

HeTpyuHO 3aMeTi-iTb, hto koa npiijioaceHHH coAepaaiT ccbuiKy Ha KOHCTaHTy 
MaxEntriesInList. IIpn KOMnoHOBKe stoto KOAa KOMmijiHTop, oOHapyauiB, hto 
M axEntriesInList — oto a nTepa.i KOHCTaHTbl co 3HaHeHiieM 50, mie;i,pHT 3HaHeHiie 50 
THna Int32 npHMO b IL-koa npwAoaccnwi. OaKTHnecKii iioctc iiocTpoemiH KO/ta npn- 
AoaceHim DLL-c6opKa Aaace He ovact 3arpyacaTbCH b nepnoA m.mo.memiM, iiooTO.viy ee 
moacho npocTO yAamiTb c ahcka. 

.method public hidebysig static void Main() cil managed 

{ 

.entrypoint 

// Code size 25 (0x19) 

.maxstack 8 
IL_0000: nop 

IL_0001: ldstr "Max entries supported in list: " 

IL_0006: ldc.i4.s 50 

IL_0008: box [msconlib]System.Int32 

IL_000d: call string [mscorlibJSystem.String::Concat(object, object) 

IL_0012: call void [mscorlibJSystem.Console::WriteLine(string) 

IL_0017: nop 
IL_0018: ret 

} // 3aKpbiBaeM MeTOA Program: :Main 

Tenepb npoOneMa ynpaBAerara i:epc iilimh npn n<'iio.Ti)30i::iim h KOHCTaHT AOAACHa 
CTaTb o'iciHi/uioii. Ecjih pa3pa6oTHHK H3MemiT 3HaHeHiie KOHCTaHTbl MaxEntriesInList 
Ha 1000 h nepecTpoiiT TOjibKO DLL-c6opKy, 3 to He iioil ihmot Ha koa caMoro npujio- 

ACeHIIH. /1,1 LI TOTO HT06bI B ll|)H.TO>KCIIHH HCn0Ab30BaA0Cb HOBOe 3HaHeHIie KOHCTaHTbl, 
ero Toace iicooxo/uimo iiepcKOMim. inpoiia'i i). Heab3H npiiMeHHTb KOHCTaHTbl bo ispcMM 
BbinojiHeHiiH (a He bo ispe.MLi kommhamhh n), ecA h moava b ao a ace11 lia/ieiirmoisaTi, 
3HaHeHiie, oii|)e/ie, : K'imoc b ApyroM moavac. B stom c.iynae bmccto KoncraiiT cacavct 
HC nOAb30BaTb npeAHa3HaneHHbie TOAbKO aah htchhh nOAH, o KOTOpbIX penb HAeT 
b CAeAyiomeM pa3AeAe. 
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rio/iq 

none (field) — sto 'uicii aamibix, icoiopbiii xpamiT 3K3eMn/mp .oiia'iii.vioi o THna hjih 
ccbijiKy Ha ccbuiOHHbin THn. B Ta6ji. 7.1 npinic/iciibi mo/uk))HK aTopbi, npiiMeHaeMbie no 

OTHOHieHIIK) K nOJIHM. 


Ta6/uiL(a 7.1. MoAiacfii/iKaTopbi no/iew 


TepMiiH CLR 

TepMMH C# 

OnncaHi/ie 

Static 

static 

Ilo/ie HB/meTCH nacTbio coctohhhh Tima, a He odbeKTa 

Instance 

(no yMO/i- 
naHHio) 

Ilo/te CBH3aHo c 3K3eMn/mpoM mna, a He caMHM TiinoM 

InitOnly 

readonly 

3amicb b nozie pa3pemaeTcn TO/ibKO 113 KO/ia KOHCTpyKTopa 

Volatile 

volatile 

Ko/i, odpamaiomiiiicH k nozno, He AOJixeH onTHMH3iipoBaTbCH 
KOMnii/mTopoM, CLR hjih odopy/iOBamieM c ijejibio o6ecne- 
neHHH 6e3onacHOCTH noTOKOB. HeycTOHHHBbiMii (volatile) 
MoryT odbHBjiHTbCH TOJibKO cjieayiomHe Tumi: Bee ccbuion- 
Hbie Timbi, Single, Boolean, Byte, SByte, Intl6, UIntl6, 

Int32, UInt32, Char, a TaK*e Bee nepenuc/niMbie Timbi, 
ocHOBaHHbie Ha Time Byte, SByte, Intl6, UIntl6, Int32 hjih 
UI nt32. HeycToimiiBbie nojin paccMaTpiiBaioTCH b rjiaBe 2 


Kan liii/uio H 3 TadaiiHbi, oomeaabiKoisaa cpc/ia (CLR) no/i/lcp/KiibaeT no/m KaK 
Ti-inoB (ciaTH'iecKiie), TaK h 3K3e.Mii/mpoii (iieciai ii'iecKiie). /fiiHaMnnecKaa naMMi b 
/ym xpaHemm no/m THna isbi/iy/mcTca b npcae.aax odbercra THna, KOTopbifi coo/pictcm 
npn 3arpy3Ke THna b aomcii npn/ioaceHHH (cm. r/iaBy 22), hto oSmhho nponcxo/iHT npn 
JIT - KOMniTJiHn,iiii . 11060 i o mcto/pi, ccp>i. iaioiuerocM Ha stot THn. /(iiiia.Mii'iecKaH naMjiTb 
/ym xpaHemm 3K3eMn/mpHbix no./ieii Bbme/meTCH npn co.3/i,aiinn oicse.Mii/mpa .aaiinoi'o 
Tuna. 

I [oc1co.1i)icy no/m xpamiTCH b aHipaMii'iecKoii iia.M/mi, hx 3 iia'temm mo/kiio p if pjpv'pii i p> 
.1111111. b 11 cp 110/1, Bbino/iHeHim. 11 0.1 a raiOKC pemaiOT iipoojie.Mv ynpaB/iemm BepcimMH, 
B 03 HiiKaiomyio npn Hcnojib 30 BamiH KOHCTaHT. KpoMe toto, 110/110 mo/kiio iia.oiiaaiiTb 
.1106011 Tim aaiiiii)ix, noaTOMy npn oiipc/ie/icmi 11 im/ieii mo/kiio He orpammiiBaTbcn 
BCTpOeHHbIMH OJICMCIITapilbl.MII THnaMH KOMmiJIHTOpa ('no npHXOAHTCH /tc/iaa i) npn 
oiipcac/ieinin KOHCTaHT). 

CLR iio/KTcp/KiiiiacTno/m, iipe/piaoiia'iemibie/ym 'itciium h 3anncH (ii3MeHneMbie), 
aTaioice no/m, npe/i,iia.3iia , iemibie TO/ibKO /ym 'nemm (nen.3.Meime.Mbie). Bo/ibimiHCTBO 
no/ieii H3MeHHeMbie. 3 to 3HanHT, hto bo bpcmh iicno/memm Ko/ta 3Hanemie Taraix no/iefi 
MO/KCT MHOTOKpaTHO MCHHTbCH. /(/I IIII blC >KC B 11C II3.VIC 111-1 CM 1)1 C nO/m MO/K'IIO 3anHCbIBaTb 
TO/ibKO npn Hcno/meHHH KOHCTpyKTopa (KOTopbifi Bbi3biBaeTCH /iiimb pa3 — npn C03- 
Aamni oO'bCKTa). KoMnii/mTop h Mexami3M isepm}) iiKann n rapaHTiipyiOT, [ ito hii 0 / 1,1111 
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MCTO/t, KpoMe KOHCTpyKTopa, He cmo>kct 3anncaTb naHHbie b none, iipe/p.iia.iipa'iempoe 
TOJibKO .yia 'premia. Sa.viciy, 'no pj ia H3MeHeHiia TaKoro nona mo3cho 3anciicTiioii;iTP> 
OTpaaceiuic. 

IIonpo6yeM peimiTb npoOneMy ynpaBnemia BepcnaMii b npiiMepe 113 pa3nena 
<<KoHCTaHTbi», Hcnojib3ya CTaTU'PCCicne iien.3.vtei[ae.\ibie nona. Bot HOBaa isepcua Ko;i,a 
DLL-c6opKii: 

using System; 

public sealed class SomeLibraryType { 

// ftoflnc|)MKaTop static Heo6xoflMM, HTo6bi none 
// accopnnpoBaaocb c TunoM, a He 3K3eMnaapoM 
public static readonly Int32 MaxEntriesInList = 50; 

} 

3to e/uiiiCTiseiippoe H3MeHeHiie, KOTopoe ripti/LercM isiiccth b hcxouhmh tckct, npn 
3TOM KOfl npiIJIOaCeHIia M02KH0 BOBCe He MCHaTb, HO HTo6bI yBIineTb ero HOBbie CBOHCTBa, 
ero npn;i,CTCM nepeKOMniijinpoBaTb. Tenepb npn iicnojiHemiH .vicrona Main 3Toro npn- 
jioaceHiia CLR aaipyaiacr DLL-c6opKy (TaK KaK OHa TpeOyeTca bo BpeMa m.iiio.npeima) 
h H3BjieKaeT 3HaaeHiie nona MaxEntriesInList H3 HHHaMHaecKOH naMHTii, BbmeneHHoii 
ana ero xpaHemia. EcTecTBeHHO, sto aiiaaeimc paBHO 50. 

/tonycTHM, paa.paooT't n k coop kip H3MeHiin oiia'peiiue nona c 50 Ha 1000 u CKOMno- 
HOBan c6opKy 3aHOBO. I Ipn noBTopHOM HcnojiHeHim ko/i, npnnonceHiia ainoMa'i nnccKii 
aaneiicTisycT no hoc aiia'icmic — 1000. B stom cnyaae He o6a3aTenbHO KOMnoHOBaTb koh 
ii|)ii. : io>K(‘iiipm 3aHOBO, oho npocTO paOoracT b tom ispi/ic, b kotopom 6buio (xoth h 'pyi'b 
MC/uaeiiiiee). O/uiaia) stot ciieHapnii npennonaraeT, tpo y hoboh coopiai HeT CTpororo 
HMemi, a nonnTHKa yiipainieniia nepciia.viii npnnonceHiia 3acTaBjiaeT CLR aaii pyxcai Pj. 
HMeHHO 3Ty HOByio Bepciiio c6opKii. 

B cnenyiOHieM iipii.Yiepc noKa3aHO, KaK onpenenaTb H3MeHaeMbie CTaTnaecKiie nona, 
a TaKace H3MeHaeMbie h Hen3MeHaeMbie 3K3eMnnapHbie nona: 

public sealed class SomeType { 

// CTannHecKoe Hen3MeHneMoe none. Ero 3HaaeHMe paccHHTbiBaeTcn 
// w coxpaHneTCfl b naMRTM npri HHnpna/in3aLpnn Knacca bo BpeMfl BbinonHeHMfl 
public static readonly Random s_random = new Random(); 

// CTannHecKoe n3MeHaeMoe none 
private static Int32 s_numberOfWrites = 0; 

// Hen3MeHneMoe 3K3eMnnnpHoe none 
public readonly String Pathname = "Untitled"; 

// H3MeHneMoe 3K3eMnnnpHoe none 
private System.10.FileStream m_fs; 

public SomeType(String pathname) { 

// 3Ta CTpoxa M3MeHneT 3HaaeHMe Hen3MeH«eMoro nona 
// B AaHHOM cnysae 3 to bosmokho. Tax KaK noKa3aHHbiM flanee koa 
// pacnonoxeH b KOHCTpyKTope 


npodojiwemie & 



214 QiaBa 7. KoHCTaHTbi u no/ia 


this.Pathname = pathname; 

} 

public String DoSomething() { 

// 3Ta CTpoKa nuTaeT w 3anncbiBaeT 3HaHeHne CTaTnnecKoro n3MeHneMoro nonn 
s_numberOfWrites = s_numberOfWrites + 1; 

// 3Ta CTpoKa nuTaeT 3HaneHne Hen3MeH«eMoro 3K3eMn/inpHoro nonn 
return Pathname; 

} 

} 

MHome nojia b HarneM npimepe HHHpHajiH3HpyioTCH Ha MecTe (inline). C# no3BO- 
,/niCT HCn0JIb30BaTb 3TOT y/LOOl[l>lIT CHHTaKCHC HHffllHajIH3an;HH KOHCTaHT, a TaiOKC 
i-iaMCiiMCMbix h HeH3MeHHeMbix no-neft. KaK nponeMOHCTpHpoBaHO b rnaBe 8, C# pac- 
CMaTpHBaeT HHiiniiajiH3anHio noun Ha MecTe KaK CHHTaKCHC coKpamemioft 3anHCH, 
II0.3B0JUIFOIHHH HHHUHajIH3HpOBaTb nOJie BO BpeMH IICIIO. IIICimM KOHCTpyKTOpa. BMeCTe 
c TeM, b C# B03M05KHH npo6jieMbi 11 po 1-13lio/i,n tcj ib 11 octh, KOTopbie ny'/Kiio yn-iTbiiiai i) 
npn HCn0JIb30BaHHII CHHTaKCHCa HHHH,IiajIH3aH,HH I [O. l A Ha MecTe, a He npiiCBOeHI-IH 
b KOHCTpyKTope. Ohh Taiotce o6cy>KnaiOTCH b rnaBe 8. 

BHMMAHME 

Hen3MeHH0CTb nona ccbi/ioaHoro Ti/ina 03HanaeT Hen3MeHH0CTb ccbi/iKM, KOTopyio 3tot 
Tun coAepxnT, a BOBce He oOneKTa, Ha KOTopyio yKa3biBaei ccbmKa, Hanpmviep: 

public sealed class AType { 

// InvalidChars Bceraa ccbmaeTca Ha oahh o6beKT MaccnBa 

public static readonly Char[] InvalidChars = new Char[] { 'A', 'B', 'C'}; 

} 

public sealed class AnotherType { 
public static void M() { 

// CneflymmHe CTpoicn KOfla Bno/iHe KoppeKTHbp KOMnnnHpyiOTCfl 
// n ycneuiHO M3MeHaiOT cumbo/in b MaccnBe InvalidChars 
AType.InvalidChars[0] = 'X'; 

AType.InvalidChars[l] = 'Y'; 

AType.InvalidChars[2] = 'Z'; 

// Oieflymmafl CTpoKa HeKOppeKTHa n He CKOMnnnnpyeTCH, 

// TaK KaK ccbmKa InvalidChars n3MeHBTbCfl He MOweT 
AType.InvalidChars = new Char[] { 'X', 'Y', 'Z' }; 

} 

} 
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B 3toh rjiaBe o6cy>i<AaiOTca paaiioiiiiAiiocTu mctoaob, KOTopbie MoryT onpeAeAHTbca 
b Time, h pa36npaeTCH pa/i BonpocoB, Kacaiomuxca mctoaob. B aacmocTH, noKa3aHO, KaK 
onpcACAaiorca mctoa bi - koi icapy icrop i,i (co.'SAAiomiie oiae.Yiii.iapbi thiiob h caMii Timbi), 
MeTOAbi neperpy3Kii onepaTopoB 11 mctoah npeo6pa30BaHim (BbinojiHaiomne aBHoe 11 hc- 
aBHoe ii|)iine;ieime thiiob). TaKace pci b iioit/ici' o mcio/uix pacmiipeHiia, no3BOJiaK>miix 
Ao6aBJiaTb co6cTBeHHbie MeTOAbi k yace cymecTByiomiiM TimaM, h aacTHHHbix MeTOAax, 
II03II0.IMI0IUHX pa3AeaiiTb peaAH3aii,Hio Tima Ha HecKOJibKO a acre it. 


KoHCTpyKTOpbi 3K3eMrmqpoB v\ K/iaccbi 
(CCbl/IOHHbie TMnbl) 

KoHCTpyKTOpbi — 3 to cneii,HajibHbie mctoah, no 3 BOJiaiomHe KoppeKTHO imim,Hajiii 3 H- 
poBaTb HOBbiii oicicvni.iap Tima. B Ta6.au nc mipcACvieimii, BxoAamux b MCTa/ianiibie, 
MeTOAbi-KOHCTpyKTopbi BcerAa OTMC'iaiOT co'iciannc.vi . ctor (ot constructor ). IIpn 
C 03 AaHim 3 K 3 eMnaapa 06'bcina ccbi. io'nioio THna BbiAeaaeTca naMaTb a- ? ih iio.aeii /i,aii- 
Hbix 3 K 3 eMnaapa 11 HHHii;HaiiH 3 HpyioTca cay>Ke6iibie iio.im (yKaaaTCvib Ha o 6 beKT-Tim 
h HHAeKC 6 aoKa cimxpoHH 3 an,iiH), 1 localc aero Bbi 3 biBaeTca KOHCTpyKTop 3 K 3 eMnaapa, 
ycTaHaBAiiBaiomiiH ncxoAHoe cocToaHiie noiioro o 6 beKTa. 

IIpH KOHCTpyHpoBaHiiii 06'beicra ccbmoaHoro THna iibiAC.aHCMaa /yaa Hero naMaTb 
BcerAa o6HyjiaeTca ao Bbi30Ba KOHCTpyKTopa 3K3eMnaapa Tima. JI io6i>ic noaa, He 3a- 
AaBaeMbie KOHCTpyKTopoM hbho, rapamripoBaHHO coAepacaT 0 hah null. 

B OTAHHiie ot Apynix MeTOAOB KoHCTpyKTOpbi 3K3eMnAapoB He nacaic/yyiOTca. HHaae 
roBopa, y KAacca ecTb TOAbKO Te KoHCTpyKTOpbi 3K3eMnAapoB, KOTopbie onpeAeAeHbi 
b 3tom KAacce. HeB03M0acH0CTb HacAeAOBaHiia 03HaaaeT, cro k KOHCTpyKTopy 3K3eM- 
nAapoB HCAb3a npiiMCHaTb MOAHtjaiKaTopbi virtual, new, override, sealed h abstract. 
Ecah onpeAeAHTb KAacc 6e3 abho 3aAaHHbix KOHCTpyKTopoB, MHorae KOMmiAaTopbi (b tom 
ancAe KOMniiAaTop C#) C03AaAyT KOHCTpyKTop no yMOAaamiio (6e3 napaMeTpoB), pea- 
AH3au,na KOToporo npocTO Bbi3bmaeT KOHCTpyKTop 6e3 napaMeTpoB 6a30Boro KAacca. 
Hanpimep, paccMOTpHM CAeAyiomee onpeAeAemie KAacca: 

public class SomeType { } 

3to onpeAeAeHiie HAeHTiiaHO onpeAeAemiio: 

public class SomeType { 

public SomeType() : base() { } 

} 
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J\jih a6cTpaKTHbix KJiaccoB komiduihtop G03AaeT KOHCTpyKTop no y.vio.i'iaimio c mo- 
AH<|)HKaTopoM protected, b npoTHBHOM cjiynae o6jiacTb achctbiih 6\'act otkpmtoh 
( public). Ecjiii b 6a30B0M KJiacce HeT KOHCTpyKTopa 6e3 napaMeTpoB, npoH3BOAHbra 
KJiacc aoaacch hbho Bbi3BaTbKOHCTpyKTop 6a30BoroKJiacca, uiia'te icomiiu./imtoi) BepHeT 
omn6Ky. /lyis-i c iai u'iecKiix KJiaccoB (aaiiC'iaTamibix h a6cTpaKTHbix) komiiiiji strop He 
coa/tacT KOHCTpyKTop no y.vio./riami 10 . 

B Time MoaceT onpeAeAHTbcsi HecKOJibKO KOHCTpyKTopoB, npn stom curaaTypbi 
h ypoBHH AOCTyna k KOHCTpyKTopaM o6a3aTejibHO aojischm OTAimaTbcu. B cjiynae 
BepHCjaHAIipyeMOrO KOAa KOHCTpyKTop ; ; )K3CMII. ; IM|)0IS AOA3KCH BbI3bIBaTb KOHCTpyKTop 
6a30Boro KJiacca a o o 6 paiuemiM k KaKOMy-jin 6 o H3 yiiacjiCAOisamibix ot Hero nojieii. 
MHome KOMniumTopbi, BKJHOHan C#, reHepupyiOT bm30b KOHCTpyKTopa 6a30Boro 
KJiacca aBTOMaTHnecKii, noaTO.viy BaM, KaK npaBiuio, 06 stom moacho hc occnoKOUTbca. 
B KOHenHOM cictc iscdvia isbiabiisaercsi OTKpbiTbiii KOHCTpyKTop o 6 beKTa System.Object 
6e3 napaMeTpoB. 3tot KOHCTpyKTop Hiraero He aejiaeT — npocTO B03BpamaeT ynpaBjieHiie 
no Toil npocToii npiiHime, mto b System. Object He onpcACiieno hhkhkiix .aicse.viii.THpiibix 
nojieii aaimiax, noaTOMy KOHCTpyKTopy npocTO ncicro ACJiaTb. 

B peAKiix ciiTyau,iuix OKaeMiump Tima mojkct coa/uibai bCM 6e3 Bbi30Ba KOHCTpyK- 
Topa aic.'icvii[. rupoB. B '[acmocTu, mctoa MemberwiseClone o 6 beKTa Object BbmeAHeT 
naMHTb, iiHiiu,iiajiii3iipyeT cjiy»ce 6 Hbie nojia o 6 beKTa, a 3aTeM KomipyeT 6 aiiTbi hc- 
xoAHoro o 6 beKTa b o 6 jiacTb naMHTii, ishiACJiemiyio a am hoboto o 6 beKTa. KpoMe Toro, 
KOHCTpyKTop o 6 biHHO He Bbi3biBaeTcn npn AecepiiajiH 3 au,iin o 6 beKTa. Ko/i Aecepna- 
jHi3au,iiii BbiAejiaeT na.vun b aah 06 'bcina 6e3 Bbi30Ba KOHCTpyKTopa, iiciio.ibayn mctoa 
GetUninltializedObject hah GetSafeUninitializedObject Tima System.Runtime. 
Serialization.FormatterServices (cm. raaBy 24). 

BHMMAHME 

Hejib3n Bbi3biBaTb KaKne-Jin6o BnpTya/ibHbie MeTOAbi KOHCTpyKTopa, KOTopwe MoryT 
noBJinnTb Ha C03AaBaeMbii/i obteKT. npi/iHUHa npocia: ec/in Bbi3biBaeMbiia BHpTya/ibHbiti 
MeTOA nepeonpeAe/ieH b Tune, aioeis/in/iap KOToporo C03AaeTcn, npoticxoAHT peaan3a- 
u,hh npon3BOAHoro Tuna, ho k 3T0My MOMeHTy eLAe He 3aBepuinjiacb nHnu,na.nM3au,nH 
Bcex no/ieii b nepapxnn. B TaKHx obcTOHTe/ibCTBax nocneACTBua Bbi30Ba BupTya/ibHoro 
MeTOAa HenpeACKa3yeMbi. 


C# npeAAaraeT npocToii ciiHTaKcuc, no3BOAHiomHH HHim,iiaAH3iipoBaTb iioam bo 
B peMH co.3AamiM o6beKTa ccbi./io'inoi o THna: 

internal sealed class SomeType { 
private Int32 m_x = 5; 

} 

npii co3AaHiiii o6beKTa SomeType ero noAe m_x HHim,iiaAH3iipyeTCH aiia'ieime.M 5. 
Bbl M OJKCTC CnpOCHTb: KaK 3TO npOIICXOAHT? M.3V '111 IS IL-KOA MCTOAa-KOHCTpyKTOpa 
3Toro o6beKTa (.3 tot mctoa taiokc cjinrypupyeT noA hmchcm . ctor), bh yBHAHTe CAe- 
AyioiUHH koa: 
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.method public hidebysig specialname rtspecialname 
instance void .ctor() cil managed 

{ 

// Code size 14 (0xe) 

.maxstack 8 
IL_0000: ldarg.0 
IL_0001: ldc.i4.5 

IL_0002: stfld int32 SomeType::m_x 
IL_0007: ldarg.0 

IL_0008: call instance void [mscorlibJSystem.Objectctor() 

IL_000d: ret 

} // end of method SomeTypector 

KaK HH/uixe, KOHCTpyKTop o6 - beKTa SomeType conepnciiT koa, 3anncbiBaiomHH b none 
m_x 3HaneHiie 5 n Bbi3biBaiomHH KOHCTpyKTop 6a30Boro Knacca. Hna'ie roBopa, KOMnn- 
jihtop C# iipe/UTaraeT yAoniii.iii ciiHTaKcnc, no3Bona ioiiih ii HHHiiHajiH3HpoBaTb nona 
0K3e.vm.TMpa npn hx o6 ijti li./ici i it n. KoMnnnaTop TpaHcnnpyeT 3 tot ciiHTaKcnc b mctoa- 

KOHCTpyKTOp, liblllO. IIIMIOimiii Ill[lllllia.lll3anill(). 3 tO 3lia'lHT, TIO IIV/KIIO 6bITb TOTOBblM 

k pa3pacTaHiiK) Kona, KaK oto noKa3aHO Ha cncAyiome.vi npimepe: 

internal sealed class SomeType { 
private Int32 m_x = 5; 
private String m_s = "Hi there"; 
private Double m_d = 3.14159; 
private Byte m_b; 

// 3T0 KOHCTpyKTOpbl 

public SomeTypeQ { ... } 

public SomeType(Int32 x) { ... } 

public SomeType(String s) { ...; m_d = 10; } 

} 


reHepnpya IL-koa Ana Tpex MeTOAOB-KOHCTpyKTopoB 113 ototo npiiMepa, KOMminaTop 
noMemaeT b Hanano KancAoro H3 mctoaob ko a, HHHiiHajiH3HpyiomiiH nona m_x, m_s n m_d. 
Ilocne ko/ui HHHiiHajra3an:HH BCTaBnaeTca Bbi30B KOHCTpyKTopa 6a30Boro Knacca, a 3a- 
TeM nOOaii.TMCTCM KOA, paCIIO.TO/KClIllblii BHyTpiI MeTOAOB-KOHCTpyKTOpOB. Hanpimep, 
IL-koa, crciiepiTpoBainibin Ann KOHCTpyKTopa c napaMeTpoM Tima String, coctoht h 3 
KOAa, HHmiHaiiH3HpyK)mero nona m_x, m_s 11 m_d, 11 KOAa, nepeaanncbiBaiomero none m_d 
.iiia'ieiiiie.vi 10. 3aMeTbTe: none m_b raiiaiiTiipoisaiiim HHTninannanpycTca 31 ia i ici 1 inovi 0, 
Aance ecnn net Kona, Hiuinnannanpyroincro oto none hbho. 

nPMMEHAHME 

KoMnmiaTop MHnu,naan3npyeT Bee none npn noMomn cooTBeTCTByiomero cnHTaKcnca 
nepeA Bbi30B0M KOHCTpyKTopa 6a30Boro Knacca abb noAAepxaHna npeACTaB/ieHnn 
0 tom, hto Bee noaa nMeiOT KoppeKTHbie 3HaHeHHH, o6o3HaHeHHbie b hcxoahom KOAe. rio- 
TeHLinanbHaB npoOaeMa MOxeT B03HHKHyTb b Tex caynaax, KOTAa KOHCTpyKTop 6a30Boro 
K/iacca Bbi3biBaeT BnpTyaabHbin MeTOA, ocymecTB/iaiOLAnn oOpaTHbin Bbi30B b mgtoa, 
onpeAe/ieHHbiti b npon3BOAHOM K/iacce. B 3tom caynae nona nHnu,nann3npyiOTC0 npn 
noMOLun cooTBeTCTByioiAero cnHTaxcnca nepeA Bbi30B0M BnpTyaabHoro MeTOAa. 
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IlocKOJibKy b noKa3aHHOMpaHee KJiacceoiipe/ie.Tem<i TpnKOHCTpyKTopa, komiiii.tm- 
Top TpHacAbi reHepupyeT koa, HHHpHajiH3HpyiomHH nojia m_x, m_s h m_d: no OAHOMy 
pa3y AJIH KaACAOrO H3 KOHCTpyKTOpOB. Ecjffl HMCCTCM HeCKOJIbKO HIIHHHajIH3HpyCMbIX 
3i<3Cmii. im|)|[i.ix nojien h mhoaccctbo neperpyaceHHbix MCTOAOB-KOHCTpyKTopoB, ctoht 
nOAyMaTb O TOM, HTo6bI OnpeACJIHTb nOJIH 6e3 HHHUHaAHSaUHH; C03AaTb eAIIHCTBeHHblH 
KOHCTpyKTOp, ISlilllO. IIIMIOIHIlii OOIHVK) HHHAHaAH3an:HIO, H 3aCTaBHTb KaACAblH MeTOA- 
KOHCTpyKTOp HBHO BbI3bIBaTb KOHCTpyKTOp, ISI.1110.l I [ H l() 11111 H o6myiO 111! Ill 1113.11133111110. 
3 tot noAXOA no3BOAHT yMeHbniHTb pa3Mep reHepnpyeMoro KOAa. C. ic/lv ionm ii iipn.viep 
H. I. : IIOCTpnpyCT HCn0JIb30BaHIie CnOCo6HOCTH C# Mill 10 3aCT3BJIHTb OAIIH KOHCTpyKTOp 
Bbi3biBaTb Apyrofi KOHCTpyKTOp nocpeACTBOM 3ape3epBiipoBaHHoro c.;iona this: 

internal sealed class SomeType { 

// 3flecb HeT KOfla, hbho MHHL|nann3npyKimero nonn 

private Int32 m_x; 

private String m_s; 

private Double m_d; 

private Byte m_b; 

// Koa stoto KOHCTpyKTopa nHML|naAH3npyeT nonn 3HaHeHMAMM no yMOnnaHnio 
// 3T0T KOHCTpyKTOp AOAJKeH Bbl3blBaTbCfl BCeMM OCTaAbHblMM KOHCTpyKTOpaMH 
public SomeType() { 
m_x = 5; 

m_s = "Hi there"; 
m_d = 3.14159; 
m_b = Bxff; 

} 

// 3T0T KOHCTpyKTOp HHML|MaAH3HpyeT nOAfl 3HaHeHMBMH no yMO/lHaHWOj 
// a 3aTeM n3MeHneT 3HaneHne m_x 
public SomeType(Int32 x) : this() { 
m_x = x; 

} 

// 3T0T KOHCTpyKTOp MHHL|HaAM3MpyeT nOAfl 3HaHeHMBMH no yMOAHaHHKJj 
// a 3aTeM n3MeHneT 3HaneHne m_s 
public SomeType(String s) : thisQ { 
m_s = s; 

} 

// 3T0T KOHCTpyKTOp MH M L|MaA M3Mpy eT nOAfl 3HaneHMBMM no yMOAHaHMKJj 
// a 3aTeM M3MeH«eT 3HaHeHM« m_x m m_s 
public SomeType(Int32 x, String s) : this() { 
m_x = x; 
m_s = s; 

} 

} 



KOHCTpyKTOpbl 3K3eMnjlHpOB H CTpyKTypbl (3HaHMMbie TMnbl) 219 


KOHCTpyKTOpbl 3K3eMn/iqpOB H CTpyKTypbl 
(3HaHMMbie Tunbl) 

KoHCTpyKTopbi ;iiia'tn.viP)ix thiiob (struct) pa6oTaiOT niia'PC, mom ccbijionHbix (class). 
CLR iscci/ai pa3pemaeT coa/iaime oicpe.viii.iapoii ;iiia'mMbix thiiob h 3 to.mv hiihto He 
MO/icci' noMeiuaTb. I Iootomv, no 60 .ua iiomy c'pctv, KOHCTpyKTOpbl y oiia'Pii.Yiom Tima 
MO/K 110 He onpeAejiHTb. OaKTHnecKH MHorne KOMnii/iHTopbi (mciio'iaa C#) He oiipc;i,c- 
jihiot .via oiiamiMbix THnoB KOHCTpyKTOpbl no yMO.iaaiiii 10 , He HMeiomiie napaMeTpoB. 
Pa36epeM caicviy ioiplpi ii ico/p,: 

internal struct Point { 
public Int32 m_x, m_y; 

} 

internal sealed class Rectangle { 

public Point rti-topLeft, m_bottomRight; 

} 

JXjisl toto hto6m co3naTb o6beKT Rectangle, Ha/ 1,0 iicno/ib30BaTb onepaTop new 
c yKa3aHiieM KOHCTpyKTopa. B 3tom c/iyiac ui>ia i>i ijae pcj-p KOHCTpyKTop, am oMaTii'peciai 
creHepupoBaHHbiH komiiii. imtopom C#. I IaMflTb, isbiye/ieipipaa /p,./p^i o6beKTa Rectangle, 
BKjnonaeT mccto /yin AByx 3K3eMnjiapoB 3HamiMoro Tima Point. H 3 coo6paaceHHH no- 
BbimeHIIH npOH3BOHHTeJIbHOCTH CLR He llbli aC ICH BbI3BaTb KOHCTpyKTOp J\J IH Kaacnoro 
9K.3 C.yi 1 p. 1 apa 3HanHMoro Tima, conepacameroca b o6beKTe ccp>p.to i pipoio THna. OaiiaKO, 
KaK mMcaa./ioci) paHee, 110.1 a aiia'iiiMOi'o THna iiiiiiniia. : iii.3iipyiOTCM iiy./iMMii/null. 
Boo6me roBopji, CLR no3BOjuieT nporpaMMHCTaM onpenejiHTb KOHCTpyKTOpbl /p,./p^p 

3HaniIMbIX THnOB, HO 3TH KOHCTpyKTOpbl lil.l 110 . l I [M I0TC3I JIIIIHb npil liajIHHHH KO/l,a, HBHO 

Bbi3bmaiomero 0 / 1,11 ip 113 mix, Hanpimep, KaK b KOHCTpyKTope o6beKTa Rectangle: 

internal struct Point { 
public Int32 m_x J m_y; 

public Point(Int32 x, Int32 y) { 
m_x = x; 

m_y = y; 

} 

} 

internal sealed class Rectangle { 

public Point rti-topLeft, m_bottomRight; 

public RectangleQ { 

// B C# onepaTop new, ncno/ib30BaHHbiM ana co3flaHna 3K3eMn.napa 3Ha*HHMOro 
// Tuna, Bbi3biBaeT KOHCTpyKTop p,nn MHHLpnaan3aLpnn no/ieii 3HannMOro Tuna 
m_topLeft = new Point(l, 2); 
m_bottomRight = new Point(100, 200); 

} 

} 
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KoHCTpyKTop .9K.3eMii.mpa .’ilia 1 1 ii.vioro Tuna m.iiio. iiiacica TOAbKO npii hbhom bh- 
30bc. TaK 'no ecjiH KoHCTpyKTop o6 - beKTa Rectangle He iiHiin,iiaAH3iipoBaA ero no a a 
m_topLeft h m_bottomRight bm30bom c noMombio onepaTopa new KOHCTpyKTopa Point, 
nojiH m_x h m_y y o6enx CTpyKTyp Point 6yjxyr coAepacaTb 0. 

Ecjih 3iiaMHMbiH THn Point v>kc onpc/avieii, to onpeAeAneTCH KoHCTpyKTop, no 
y.vio./1'iami io He n.vieiomiiii napaMeTpoB. O/inaico AAisaine nepeniimeM Ham koa: 

internal struct Point { 
public Int32 m_x, m_y; 

public Point() { 
m_x = m_y = 5; 

} 

} 

internal sealed class Rectangle { 

public Point nytopLeft, m_bottomRight; 

public RectangleQ { 

} 

} 

A Tenepb OTBeTbTe, KaKHMH ;siia‘ieiiiia.\m — 0 hjih 5 — 6yA\'T HHiin,iiaAii3iipoBaHbi 
nojiH m_x h m_y, npHHaAAexamne CTpyKTypaM Point (m_topLeft h m_bottomRight)? 
IlpeAynpeacAaio, Bonpoc c noABOxoM. 

MHorne pa3pa6oTHHKii (oco6eHHO c onbiTOM nporpaMMiipoBamiH Ha C++) pernaT, hto 
KOM mijiHTop C# noMecTHT b KoHCTpyKTop Rectangle koa, aBTOMaTHnecKii Bbi3biBaiomiiii 
KoHCTpyKTop CTpyKTypbi Point no yMOJinaHino, He HMeiomiiii napaMeTpoB, aah AByx 
no.Meii Rectangle. Oahako, 'no6bi noBbiciiTb 6biCTpoAeHCTBHe npiuioaceHira bo BpeMH 
BbinojiHeHim, KOMmiAHTop C# He creHepupyeT TaKoii koa abtOM aTHnecKi i. OaKTimecKii 
6ojibmiiHCTBO KOMroiAHTopoB HHKorAa He reHepiipyeT amoMa'i n'iccKii koa aah Bbi30Ba 
KOHCTpyKTopa no yMOAnaHino aah 3HanHMoro THna Aaace npii HajmmiH KOHCTpyKTopa 
6e3 napaMeTpoB. L l ro6i>i ii|)ini\yi,n'ie. : ibii() ncnoAHiiTb KoHCTpyKTopaiia'in.viomTHna6e3 
napaMeTpoB, paapadOT'in k aoaacch Ao6aBHTb koa ero aiuiom Bbi30Ba. 

C yneTOM CKa3aHHoro moacho oacHAaTb, hto noAH m_x h m_y o 6 enx CTpyKTyp Point 
H3 oo'iicicia Rectangle b noKa3aHHOM KOAe 6yAyT HHiiu,iiajiii3HpoBaHbi HyAeBbiMH 3Ha- 
neHIIHMH, TaK KaK B 3TOH npOTpaMMe HeT HBHOTO BbI30Ba KOHCTpyKTopa Point. 

Ho h >kc npeAynpeAHA, tio moh nepBbiii Bonpoc 6 bui c noABOxoM. Hoabox b tom, 
hto C# He no3BOJuieT onpeACAHTb aah 3HaHHMoro Tima KOHCTpyKTopw 6e3 napaMeTpoB. 
noaTOMy noKa3aHHbiii koa na caMOM acac Aaace He KOMmiAiipyeTCH. npii nonbiTKe ckom- 
mijmpoBaTb ero KOMmiAHTop C# reHepiipyeT coo 6 meHiie 06 omn 6 Ke (omn 6 Ka CS0568: 
CTpyKTypa He moacct coAepacaTb HBHbie KOHCTpyKTopbi 6e3 napaMeTpoB): 

error CS0568: Structs cannot contain explicit parameterless constructors 

C# npeAHaMepeHHO 3anpemaeT onpeAeAHTb KOHCTpyKTopbi 6e3 napaMeTpoB y 3Ha- 

HHMblX THnOB, HTo6bI He BBOAHTb pa3pa60THIIK0B B aaOA VACAei I IK‘ OTHOCHTeAbHO TOTO, 
KaKOli KOHCTpyKTOp BbI3bIBaeTCH. EcAH KOHCTpyKTOp OlipCAC.IIITb I KM b.33, KOMIIII. IMTOp 
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HiiKor/i,a He 6yaeT aBTOMaTiraecKii reHepiipoBaTb ko a, Bbi3biBaiomiiH TaKoii KOHCTpyKTop. 
B OTcyTCTBue KOHCTpyKTopa6e3napaMeTpoB iio.tm ana'iiT.vioro Tima Bcer/i,a nimniia. ni- 
3IipyiOTCH HyjiHMH/null. 

nPMMEHAHME 

B norm 3 HaHHMoro Tnna o 6 M 3 aTe/ibHO 3 aHOCMTcn 3 HaHeHnn 0 nan null, ec/w 3 HaHHMbin 
Ti/in BaoxeH b oSteKT ccbiaoHHoro Tnna. OAHaxo rapaHTnn, hto noaa 3 HanuMbix TunoB, 
pa 6 oTaiOLL(Me co CTeKOM, QyayT MHni 4 uaaM 3 upoBaHbi 3 HaHem/iaMM 0 n/in null, HeT. HTo 6 bi 
KOAfibia Bepnc()MLi,npyeMbiM, nepeA HTeHneM.nio 6 oro noaa 3 HaHHMoroTnna, pafioiaiomero 
co CTeKOM, Hy>KHO 3 anncaTb b Hero 3 HaHeHne. Ec/w koa CMOxeT nponnTaTb 3 HaneHne 
noaa 3 HanMMoro Tuna ao Toro, KaKTyAa 6 yAeT 3 anncaHO KaKoe-TO 3 HaneHne, MOxeT Ha- 
pyLumbca 6 e 3 onacHOdb. C# n APyrne KOMnormTopbi, reHepnpyiOLAHe BepnctTHpnpyeMbiH 
koa, rapaHTi/ipyiOT, hto norm aio 6 bix 3 HannMbix Ti/inoB, paGoTaioiAne co ctckom, nepeA 
HTeHHeM oSHyaaiOTca nan xotm 6 bi b Hnx 3 anncbiBaiOTca HeKOTopwe 3 HaHeHna. noaTOMy 
npn BepnctjnKapnn bo BpeMa Bbino/meHnn ncKaioneHne bnasho He 6 yAeT. OAHaxo o 6 biHHO 
moxho npeAnoaaraTb, hto noaa 3 HannMbixTnnoB nHnunaan 3 npyiOTca HyaeBbiMn 3 Hane- 
hhmmh, a Bee CKa 3 aHHoe b stom npnMenaHnn mo>kho noaHOCTbio nrHopnpoBaTb. 


Xoth C# He AonycKacT iiciio.ibooisamiM oiiaHic.Yibix ttiiiois c KOHCTpyKTopaMH 6 e 3 
iiapaviCTpois, 9to AonycKaeT CLR. TaK hto cc./i h Bac He occiiokomt y i iom a i lyTbic CKpbiTbie 
oco 6 eHHOCTH pa 6 oTbi CHCTeMbi, moacho Ha ApyroM M 3 i>i kc (Hanpimep, Ha IL) onpeAeAHTb 
co 6 cTBeHHbiH 3iiaHHMbiH Tun c KOHCTpyKTopoM 6e3 napaMeTpoB. 

IIocKOJibKy C# He AonycKaeT iiciio.ibooisamiM onaMH.vibix TunoB c KOHCTpyKTopa- 
mh 6e3 napaMeTpoB, npn KOMnujummi cmcavioiiuto Tima KOMnmiHTop coofaiuieT 06 
onm6Ke: (omn6Ka CS0573: ' SomeValType. m_x': ne./ibSM co3AaBaTb HHHTinaAHaaTopbi 
3K3eMnjuipHbix nojieii b CTpyKTypax): 

error CS0573: 'SomeValType.m_x': cannot have instance field initializers in structs 
A BOT KaK BblTAHAHT KOA, BbI3BaBHIHH ,9Ty OHIIl6Ky: 
internal struct SomeValType { 

// B 3HaHHMbM Tun Heab3a noflCTa B/iflTb MHHL(naan3aLinio 3K3eMnaapHbix noaePi 
private Int32 m_x = 5; 

} 

KpoMe toto, nocKOJibKy nc])n <}) n 1 1,it]) yc m ijiii koa nepeA ht'ciihcm jno6oro iio.tm 3Ha- 
hhmoto Tuna ipefiycT 3amicbiBaTb b Hero KaKoe-Jin6o .'aiaHeiiHC, jiio6oh KOHCTpyKTop, 
onpcACvicmibiii a-th .'iiia'iHMom Tima, aom/Kch nmm;HaAH3HpoBaTb Bee iio.tm 3Toro THna. 
CjieAyromHH THn onpeAejiaeT KOHCTpyKTop aah 3HaHHMoro Tima, ho He moacct iihhh,h- 
ajiH3HpoBaTb bcc ero iio.tm: 

internal struct SomeValType { 
private Int32 m_x, m_y; 

// C# flonycxaeT Haamnne y 3 HannMbix TunoB KOHCTpyKTOpOB c napaMeTpaMir 
public SomeValType(Int 32 x) { 
m_x = x; 


npodojiMeuue & 
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// 06paTMTe BHMMaHne: noae m_y 3flecb He MHMLiMaaM3MpyeTcfl 

} 

} 

IIpii KOMnnjiHUHH 3Toro Tima KOMni-uiHTop C# reHepupyeT coo 6 meHiie 06 omn 6 Ke: 
(oniH 6 Ka CS0171: nojie ' SomeValType. m_y 1 aojiacho 6 biTb nojmocTbio onpeAejieHO ao 
B03BpameHim ynpaBjieHiia KOHCTpyKTopoM): 

error CS0171: Field 'SomeValType.m_y' must be fully assigned before control leaves 
the constructor 

L l too i>i pa3peniHTb npo6jieMy, KOHCTpyKTop aoaacch miccni b none y KaKoe-Hii6yAb 
Biia'teimc (oobniio 0). 

B KaTCCTise ajibTepHaTHBHoro BapnaHTa moacho HHHu;HajiH3HpoBaTb Bee nojia 3Ha- 
hiimoto THna, KaK oto cacthi io 3/iccr>: 

// C# no3BoaseT 3HanMMbiM TMnaM MMeTb KOHCTpyKTopbi c napaMeTpaMH 
public SomeValType(Int32 x) { 

// BbiraaflHT Heo6bNHO, ho KOMnki/iHpyeTCH npexpacHO, 

// m Bee no/ifl HHnpna/1 n3npyH3TCa 3HaneHHBMH 0 nan null 
this = new SomeValType(); 

m_x = x; // npMCBaMBaeT m_x 3HaHeHMe x 

// 06paTMTe BHMMaHMe j hto none m_y 6biao MHML|ManM3MpoBaHO HyaeM 

} 


B KOHCTpyKTope aiiaTH.vioro THna this iipcAC'iaii/niCT .9K3e.vm.Hip a.iiaaiiMoro THna 
h eMy moacho npimiicaTb 3HaneHiie HOBoro 3K3eMnjiapa 3HanHMoro THna, y KOToporo 
BCe IIO.TM HHHHHajIH3HpOBaHbI HyjIHMII. B KOHCTpyKTOpax CCbl.TOTIIOlO THna VKaa.aTC.TP) 
this CHHTaeTCH AOGTynHbiM TOJibKO j(j\'A Tieiina h npiiCBaiiBaTb eMy 3HaneHiie Fie.Tb.3ii. 


KOHCTpyKTOpbl TMflOB 

IIOMHMO KOHCTpyKTOpOB 3K3eMnjIHpOB, CLR nOAflepACHBaCT KOHCTpyKTOpbl TimOB (TaK- 
Ace H3BecTHbie KaK cmammecKue KOHcmpyianopu, Koncmpyicmopu xjiaccoe h unuyuajiu- 
3amopu munoe ). KoHCTpyKTopbi THnoB moacho npiiMeHHTb h k HHTepcjieHcaM (xoth C# 
SToro hc AonycKaeT), ccbuionHbiM h 3HanHMbiM TimaM. IIoao6ho TOMy, KaK KOHCTpyKTOpbl 
3K3eMnjIHpOB HCIIO.Tba.VIOTCTI ’(J\A yCTaHOBKII ll(‘|)bOlia'ia.TbllOI O COCTOHHIIH 0K3CMII.TM- 
pa THna, KOHCTpyKTOpbl THnoB coyAcaT aah ycTaHOBKii nepBOHanajibHoro coctohhhh 
rana. IIo yMOAnaHiiio y Tima He oiipcAcaeno KOHCTpyKTopa. Y Tima He moacct 6biTb 
oo.tcc oahoto KOHCTpyKTopa; KpoMe toto, y KOHCTpyKTOpOB THnoB HiiKorAa He 6bmaeT 
napaMeTpoB. Bot KaK onpeAejin iotcm ccbuionHbie h aiiaaiiMbieTimbi c KOHCTpyKTopaMii 
b nporpaMMax HaC#: 

internal sealed class SomeRefType { 
static SomeRefType() { 

// McnoaHFieTCfl npM nepBOM o6pameHMM k ccbiaosHOMy TMny SomeRefType 

} 
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} 

internal struct SomeValType { 

// C# Ha caMOM flene AonycxaeT onpeflensTb aah 3HaHHMbix TnnoB 
// KOHCTpyKTOpbl 6e3 napaMeTpoB 
static SomeValType() { 

// McnonHfleTCfi npw nepBOM o6pameHnn k 3HaHHM0My Tuny SomeValType 

} 

} 

06paTHTe BHHMaHiie, hto KOHCTpyKTOpbl TimoB onpenejiHiOT TaK ace, KaK koh- 
CTpyKTopbi 3K3eMnjiapoB 6e3 napaMeTpoB 3a HCic. iiO'ieimeM toto, 'no hx noMC'iaior KaK 
CTaTHHeCKIie. KpOMe TOTO, KOHCTpyKTOpbl THnOB BCerna AOJiaCHbl 6bITb 3aKpbITbIMH (C# 
/lA'iaCT HX 3aKpbITbIMH aiiTOMaTH'ICCKIl). O/lliaiCO eCJIH HBHO nOMeTHTb B HCXOflHOM TeKCTe 
nporpaMMbi KOHCTpyKTop THna KaK aaiqibri bm (hjih KaK-TO niia'te), komiihjihtop C# 
BbiBeneTcoo 6 meHne 06 oiim6Ke: (oinn6Ka CS0515: 'SomeValType.Some-ValType()': 
b CTaTiraecKHx KOHCTpyKTopax ne.ibSM ncnojib30BaTb .vto/i n<:})nicaropiji aocTyna): 

error CS0515: 'SomeValType.SomeValType()': access modifiers are not allowed on 
static constructors 

KOHCTpyKTOpbl THIIOB BCerna HOJiaCHbl 6bITb 3aKpbITbIMH, 'ITOObl KOH pa3pa6oTHHKa 
He cmot hx Bbi3BaTb, HanpoTHB, b to ace BpeMH cpena CLR Bcerna cnoco6Ha Bbi3BaTb 
KOHCTpyKTOp THna. 

BHMMAHME 

Xoth KOHCTpyKTop Tuna mo>kho onpefleaHTb b 3Han wviom Tune, 3Toro Hi/iKorfla He c/ieflyeT 
fleaaTb, TaK KaK i/iHorfla CLR He Bbi3biBaeT CTaTHHecKi/iOi KOHCTpyKTop 3HanMMoro Tuna. 

Hanpmviep: 

internal struct SomeValType { 
static SomeValTypeQ { 

Console.WriteLine("This never gets displayed"); 

} 

public Int32 m_x; 

} 

public sealed class Program { 
public static void Main() { 

SomeValType[] a = new SomeValType[10]; 
a[0].m_x = 123; 

Console.WriteLine(a[0] .m_x); // BbiBOflHTca 123 

} 

} 

y BbI30Ba KOHCTpyKTOpa THna eCTb HeKOTOpbie OCo6eHHOCTH. IIpH KOMriHJI>THHH 
MeToa,a JIT-KOMnujiHTop o6HapyacHBaeT Timw, Ha KOTopme ecTb ccbijiKH H3 Kona. 
EcJIH B KaKOM-JHl6o H3 THnOB OlipC/tC-TCH KOHCTpyKTop, | II’- KOM 1111. IH I O]) lipOBCpHCT, 
6bui jih HcnojmeH KOHCTpyKTop THna b aannoM ao.viene npHjioaceHHH. Ecjih iici, JIT- 


224 QiaBa 8. MeTOAbi 


KOMniiJiHTop cos/tacT b IL-Koae bm30b KOHCTpyKTopa Tuna. Ecjih ace koa yace iiciio.i- 
HHACH, JIT-KOMnHJIHTOp BbI30Ba KOHCTpyKTOpa THEA I[C C03AaCT, TaK KaK <<3HaeT», M I C) 
Tim yace HHHu;Hajffl3HpoBaH. 

3aTeM, nocaeJIT-KOMniiaauiiii MCTo;i,a, na'imiaeTCM m,mo. : meimenoTOKa, hb koiici- 
hom HTore O'iepe/1,1) aoxoaht ao koaa Bbi30Ba KOHCTpyKTopa THna. B peaabHOCTH MoaceT 
OKa3aTbca, 'no hcckoamco noTOKOB OAHOBpeMeHHO iia'inyi BbinoAHHTb mctoa. CLR 
CTapaeTCH rapaHTiipoBaTb, ato6m KOHCTpyKTop Tima BbinoAHHAca toamco pa3 b KaacAOM 
AOMeHe npiuioaceHiiii. J\jik stoto npn Bbi30Be KOHCTpyKTopa THna Bbi3biBaiomHH noTOK 
b paMKax CHHxpoHH3an,Hii noTOKOB no./iyaacT nacno'iaioinyio 6jioKnpoBKy. 3 to oanana- 
eT, TIO eCJIH HeCKOAbKO nOTOKOB OAHOBpeMeHHO nOnbITaiOTCH BbI3bIBaTb KOHCTpyKTOp 
THna, TOJibKO OAHH IIOJI V'IHT TaKyiO B03M0aCH0CTb, a OCTaJIbHbie 6jIOKHpyiOTCH. IlepBblH 
nOTOK BbinOJIHHT KOA C ia'I ll'ieCKOlO KOHCTpyKTopa. Ilocae BbIXOAa H3 KOHCTpyKTopa 
nepBoro noTOKa «npocHyTca>> npocTaimaiomHe noTOKii h npoiiepin, 6bM jih BbinojiHeH 
KOHCTpyKTop. Ohii He CTaHyT CHOBa BbinojiHHTb koa, a npocTO BepHyT ynpaBJieHiie 113 
MeTOAa KOHCTpyKTopa. KpoMe toto, npii nocjieAyioiueM Bbi30Be KaKoro-jm6o H3 sthx 
M eTOAOB CLR 6yAeT «b Kypce», tio KOHCTpyKTop Tima yace BhinoAHHAca, 11 He 6yAeT 
Bbi3biBaTb ero CHOBa. 

nPMMEMAHME 

nocKOJibKy CLR rapairmpyeT, hto kohctpyktop Tuna BbinonHneTcn TO/ibKO OflHa>KAbi 
b Ka>KAOM AOMeHe npmioxeHMM, a Taioice oBecnennBaeT ero 6e3onacHOCTb no OTHOine- 
hmio k noTOKaM, KOHCTpyKTop Tuna nyHine Bcero noAxoAHT Ana MHmj,nann3aiinn Bcex 
o6teKTOB-OAHHOHeK (singleton), Heo6xoAHMbix Ann cyiAecTBOBaHMn Tuna. 


B paMKax oahoto noTOKa B03MoacHa HenpuaTHaa criTyanrw, KorAa cymecTByeT /pia 
KOHCTpyKTopa Tima, coAepacamux nepeKpecTHO ccbMaiomHiicji koa. Hanpimep, koh- 
CTpyKTop Tima ClassA coAepaciiT koa, ccbuiaiomiiHca Ha ClassB, a nocneAHim coAepaciiT 
KOHCTpy kt op Tima, cciii./iaioiuiincM Ha ClassA. /[aace b TaKiixycjiOBiiax CLR 3a6oTiiTca, 
HTo6bI KOA KOHCTpyKTOpOB TimOB BbinOAHIIACH JIHmb OAHaaCAbI, HO IICnOAHHIOmaH epeAa 
He b cocTOHHiiii ooecne'nn b aaisepmcmie ncno. inenna KOHCTpyKTopa Tima ClassA ao 
H anana nciio. ineinia KOHCTpyKTopa Tima ClassB. Ilpn narmcanHH KOAa caeAyeT H36e- 
raTb n 0 A 06 HbIX CHTyaitHH. B ACHCTBHTeAbHOCTH, nOCKOJIbKy 3a BbI30B KOHCTpyKTOpOB 
TimoB oi iicnacT CLR, He HyacHO nucaTb koa, KOTopwii Tpe6yeT Bbi30Ba KOHCTpyKTOpOB 
TimoB b onpeAejieHHOM nopnAKe. 

I laiconcn, ecjra KOHCTpyKTop TimareHepupyeTHeo6pa6aTbiBaeMoe ncic/no'icnnc, CLR 
CHHTaeT TaKoii Tim HenpnroAHbiM. npii nonbiTKe o6pameHiiH k jno6oMy nojno hah MeTOAy 
TaKoro Tima B03HiiKaeT iicKAKtHemie System. TypelnltializationException. 

Koa KOHCTpyKTopa Tima MoaceT ofipamaTbcn TOAbKO k CTaTimecKiiM noAHM Tima; 
o6bIHHO 3TO ACAaeTCH, 'ITOObl HX IIHIIH,HaAH3IipOBaTb. KaK H B CJIV'faC 3K3eMnAJipHbIX 
noAeii, C# npeAAaraeT npocTOH ciiHTaKciic: 

internal sealed class SomeType { 
private static Int32 s_x = 5; 

} 
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nPMMEHAHME 

C# He no3BoneeT b 3Hanmvibix Ttinax i/icno/ib30BaTb CMHTaKCi/ic i/iHnu,na/iM3aiJ,Mn nonei/i 
Ha MecTe, ho pa3peiuaeT3TO b CTaTHiecKiix nonax. 1/lHane roBopa, ec/in b npi/iBeAeHHOM 
paHee KOAe 3aMeHi/iTb class Ha struct, koa OTKOMnmrnpyeTCfl n 6yAeT pa6oTaTb, xax 3a- 
AyMaHO. 


ITpn KOMIlOHOBKe .9X010 KOAa KOMnHJIHTOp am OMaTHHCCKH rCIICpi1|)yCT KOHCTpyKTOp 
Tuna SomeType. 14 iiaue roBopn, i iojiv 'tacxoi tot >kc 9<)x))Ckt, KaK ecjin 6bi stot koa 6m ji 
HanucaH cjieAyromuM o6pa30M: 

internal sealed class SomeType { 
private static Int32 s_x; 
static SomeType() { s_x = 5; } 

} 


Ilpii iiomoiuh ymuHThi ILDasm.exe HeTpyAHO npoBepiiTb, icaKoii koa na caMOM ac.tc 
creHepupoBaji Ko.vnm.TMxop. /lyia oxoro iivxiio riayiHXb IL-koa KOHCTpyKTopa THna. 
B Ta6)AHne oiipcxc.Temiii mctoaob, cocoa ix : imioiuch MeTaAaHHbie MOAyna, mctoa-koh- 
CTpyKTop THna BcerAa naabiiiac'ioi . cctor (ot class constructor). 

H 3 npeACTaBJieHHoro Aanee IL-KOAa bhaho, tio mcxoa . cctor hicimcicm 3aKpbiTbiM 
H CXai HHCCKHM. Sa.MCXPVIC xaioice, HTO KOA 3T0T0 MCXO/pt ,TCiicXISHlC./lliI[() 3anncbiBaeT 

b CTaTHnecKoe none s_x ;siianeime 5. 

.method private hidebysig specialname rtspecialname static 
void .cctor() cil managed 
{ 

// Code size 7 (0x7) 

.maxstack 8 
IL_0000: ldc.i4.5 

IL_0001: stsfld int32 SomeType::s_x 
IL_0006: ret 

} // end of method SomeTypecctor 

KoHCTpyKTop Tima He AO.xacen Bbi3biBaTb KOHCTpyKTOp 6a30Boro Kjiacca. 3tot bh30b 
He 06a.3axe.TCii, TaK KaK hii oaho ctath uecroe none THna He iicnojib3yeTca cobmccxho 
C 6a30BbIM THnOM IT IIC I [aC.TCAyCTCM OT Hero. 

nPMMEHAHME 

B paAefl3biK0B, TaKHx Kax Java, npeAno/iaraeTca, hto ripn o6paw,eHHM KTi/iny 6yneTBbi3BaH 
ero KoHCTpyKTop, a Taxxe KOHCTpyKTOpbl Bcex ero 6a30BbixTnnoB. KpoMe toto, tiHTep- 
cJjeMCbi, pea/in30BaHHbie sthmi/i TnnaMn, Toxe aoiokhw Bbi3biBaTb cbom KOHCTpyKTOpbl. 
CLR He noAAspxcHBaeT Taxyio ceiviaHTMKy, ho no3BonaeT KOMnnximopaM m pa3pa6oTHMKaM 
npeAOCTaBxiaTb noAAep>KKy iioaoShom ceMaHTHKti nepe3 MeTOA RunClassConstructor, 
npeAOCTaBJiaeMbm tmitom System.Runtime.CompilerServices.RuntimeHelpers. KoMnn- 
aaTop aio6oro 33biKa, TpeOyiomero noAoOHyio ceMaHTHKy, reHeptipyeT b KOHCTpyKTope 
Tuna koa, Bbi3bmaiOLAi/m 3 tot mctoa Ana Bcex 6a30Bbix TirnoB. Ilpn ncnojib30BaHnn 
MeTOAa RunClassConstructor Ana Bbi30Ba KOHCTpyKTopa Tuna CLR onpeAe/iaeT, 6bm no 
oh ncno/iHeH paHee, h ec/in Aa, to He Bbi3biBaeT ero CHOBa. 
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B 3aBepmeHiie otoio paa/tc/ia pacc.viOTpu.vi c/iCAyioiunii koa: 

internal sealed class SomeType { 
private static Int32 s_x = 5; 

static SomeTypeQ { 
s_x = 10; 

} 

} 


3/iecb KOMnruiHTop C# reHepupyeT eAHHCTBeHHbiii MeTOA-KOHCTpyKTop Tima, 
KOTopbiii cnaua/ia HHHijHaAH3HpyeT none s_x oiia'temuwi 5, 3aTeM — .iiiaHCime.vt 10. 
Hiia'ic roBopa, npn reHepaiinii IL-Kona KOHCTpyKTopa Tima icomiih.thtop C# cnana/ia 
reHepupyeT koa, HHHii:najm3HpyiomHH CTaTimecKiie no./m, 3aTeM o6pa6aTbiBaeT hbhmh 
ko/ t, coAepacamiiiicH BHyTpn MeTOAa-KOHCTpyKTopa Tima. 

BHMMAHME 

MHorfla pa3pa6oTHMKM cnpauiMBaiOT Memi: moxhotih ncno/iHMTb koa bo BpeMH Bbirpy3KM 
Tuna? Bo-nepBbix, c/ieAyeT3HaTb, hto Tunbi BbirpyxaiOTca TO/ibKO npn 3aKpbunu AOMeHa 
npujioxeHnil. Kotas AOMeH npnjioxeHMM 3aKpbiBaeTCn, oOteKT, MAeHTucfimiMpyioiAMM Tun, 
CTaHOBMTca HeAOCTynHbiM, MySopiAMKMycopa ocBo6o>KAaeT3aHHTyio mm naMHTb. MHorMM 
pa3pa6oTHMKaM TaKOM cpeHapMM AaeT ocHOBaHMe no/iaraTb, hto moxho AoOaBMTb k TMny 
CTaTMHGCKMM MeTOA Finalize, aBTOMamnecKM Bbi3biBaeMbiM npM Bbirpy3Ke TMna. YBbi, CLR 
He noAAepxcMBaeT CTaTMnecKMe MeTOAbi Finalize. OAHaKO He Bee noTepaHo: ec/in npM 3a- 
KpbiTMM AOMeHa npM/ioxeHMM HyxHO Mcno/iHMTb HeKOTopbiM koa, moxho 3aperMdpMpoBaTb 
MetOA oSpaTHoro Bbi30Ba ahh coObiTMn Domainllnload TMna System.AppDomain. 


MeTOAbi neperpyxeHHbix onepaTopoB 

B HCKOTOpblX H 3 bIKaX Tl-ffl MOACOT OnpeAeJIHTb, KaK OnepaTOpbl AOA 5 KHH MaHIiny/IIipOBaTb 
ero aicae.vm.TMpaMM. B uacraocTH, MHonie Tiinbi (iiaiipii.vtep, System.String, System. 
Decimal h System.DateTime) Hcnojib 3 yK>T neperpy 3 Ky onepaTopoB paBeHCTBa (==) 
h HepaBeHCTBa (! =). CLR ini'icm He H 3 BecTHO o neperpy 3 Ke onepaTopoB — BeAb cpeAa 
Aaace hc 3 HaeT, hto Taicoe onepaTop. Cmmca onepaTopoB h koa, KOTopbiii aoaacch 6 biTb 
creHepupoBaH, KorAa tot hah iihoh onepaTop bctpothtch b iicxoahom TeKCTe, onpeAe- 
AaeTca a. 3 i,i ico m nporpaMMiipoBaHHH. 

HanpiiMep, ec/in b nporpaMMe Ha C# nocTaBHTb MeatAy o 6 biuHbiMH Hncjia.vin one¬ 
paTop +, KOMmuinTop reHepupyeT koa, bmhoahhioiahh cto/kciihc /psyx hhccji. KorAa 
onepaTop + npiiMeHHiOT k CTpoKaM, KOMmuiaTop C# reHepupyeT koa, BbirioAnaroiUHH 
KOHKaTeHan,Hio othx ctpok. /Lai o 6 o. 3 iiaHeiiiiM HepaBeHCTBa b C# iiciio.TiisycTCM onepa¬ 
Top ! =, a b Visual Basic — oneparap <>. HaKOHen,, oneparap A b C# 3 aAaeT onepaiiino 
<<HCKAK)Haiomee hjih» (XOR), TorAa KaK b Visual Basic .-no B 03 BeAeHiie b CTeneHb. 

Xoth CLR iiii'icro He 3HaeT 06 onepaTopax, cpeAa yKa3biBaeT, KaK >131,1101 nporpaM- 
MiipoBaHHH AOA/KHbi npeAOCTaBJiHTb AOCTyn k neperpyaceHHbiM onepaTopaM, hto6i,i 
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nocjieAHiie Moran jierKO ncnoAb30BaTbCH b ko ac Ha pa3Hbix H3biKax nporpaMMiipoBaHtm. 
/Iah KaacAoro KOHKpeTHoro H3biKa npoeKTiipoBmiiKii pemaiOT, 6yaeT ah stot h3mk noA- 
AepacHBaTb neperpy3Ky onepaTopoB h, ccah js,a, Kaiaiii cHHTaKCHC 3aAencTBOBaTb aah 
npeACTaBAeHHH h HcnoAb30BaHHH neperpyaceHHbix onepaTopoB. C tomkii apcmrjr CLR 
neperpyaceHHbie onepaTopbi npeACTaBAHiOT co6oii npocTO MeTOAbi. 

Ot Bbi6opa H3biKa 3aBHCHT najiHHHC noAAepacKH neperpyaceHHbix onepaTopoB h hx 
CHHT aKCHC, a npn komhhaahhh hcxoahoto TeKCTa KOMmiAHTop reHepupyeT mctoa, 
onpeAeAHiomiiH pa6oTy onepaTopa. Cnennc})n k;iii, na CLR Tpe6ycT, hto6m neperpy- 
>icei111 i,i e onepaTopHbie mctoah 6p>r.i h OTKpbiTbiMH h c iani'iccKiiMii. /loiio.imneAbim 
C# (h MHome apynie h3mkh) Tpe6yeT, hto6m y onepaTopHoro \iCTO/i,a THn, no iqiaiiiieii 
Mepe, oahoto H3 napaMeTpoB hah B03BpamaeMoro anauemia coBnaAaA c thhom, b ko- 
topom onpeAeAeH onepaTopHbiii mctoa. npuniiHa 3Toro orpaHiiHemm b tom, hto oho 
no3BOAaeT KOMraiAHTopy C# b pa3yMHoe BpeMH HaxoAHTb KaHAHAaTypbi onepaTopHbix 
MeTOAOB A-fW npiIBH3KII. 

IIpHMep MeTOAa neperpyAcemtoro onepaTopa, 3aAaHHoro b onpeAeAeHiiii KAacca C#: 
public sealed class Complex { 

public static Complex operator+(Complex cl. Complex c2) { ... } 

} 

KoMmiAHTop reHepupyeT onpeACAemie mctoaa op_Addition h yc'[;:i f rai s.tit isaea b 3a- 
nucH c onpeAeACHiieM 3Toro MeTOAa cj)Aar specialname, CBHACTeAbCTByiomHH o tom, hto 
3TO «OCo6blfi» MeTOA. KorAa KOMnHAflTOp H3bIKa (b TOM UIICAC KOMnHAHTOp C#) BHAHT 
b hcxoahom TeKCTe onepaTop +, oh HCCAeAyeT THnbi ero onepaHAOB. 11p h stom KOMrai- 
ahtop 11bi racioi BbiHCHHTb, He onpcACAdi ah oahoto H3 hhx mctoa op_Addition 
c (jviaroM specialname, napaMeTpbi KOToporo coBMecTHMbi c THnaMH onepaHAOB. Ecah 
tbkoh MeTOA cymecTByeT, KOMmiAHTop reHepupyeT koa, Bbiamsaiomnii stot mctoa, 
niia'ie B03HHKaeT oruH6Ka komhhaithhh. 

B Ta6A. 8.1 h 8.2 npHBeAeH Ha6op yHapHbix h 6iiHapHbix onepaTopoB, KOTopbie C# 
no3BOAHeT neperpyacaTb, hx o6o3HaHemiH h peKOMCHAOBaHHbie iiMCHa cooTBeTCTBytomiix 
MeTOAOB, KOTopbie AOAAceH reHepupoBaTb komiiiiamtop. TpeTHH ctoa6ch, h npoKOMMCH - 
THpyio b cAeAyiomeM pa3AeAe. 


Ta6jimia 8.1. YHapHbie onepaTopbi C# v\ CLS-coBMecTUMbie nt/ieina 

COOTBeTCTByiOLUMX MeTOflOB 


OnepaTop C# 

Mmh cnepna/ibHoro MeTOAa 

PeKOMeHAyeMoe CLS-coBMecTMMoe 
iiMsi MeTOAa 

+ 

op_UnaryPlus 

Plus 

- 

op_UnaryNegation 

Negate 

I 

opLogicalNot 

Not 

- 

op_Ones Complement 

OnesComplement 


npodojioKeuue # 
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Ta6.ni/iua 8.1 (npoflOfixeHiie) 


OnepaTop C# 

Mmh cneuna/ibHoro Merafla 

PeKOMeHflyeMoe CLS-coBMecTMMoe 

MMfl MeTOfla 

+ + 

o p_Inc remen t 

Increment 

- 

opDecrement 

Decrement 

HeT 

opTrue 

IsTrue {get;} 

HeT 

op_False 

IsFalse {get;} 


Ta6nnua 8.2. Ei/mapHbie onepaTopbi n mx CLS-coBMecn/iMbie HMeHa mstoaob 


OnepaTop C# 

Mmh cneuuanbHoro MeTOfla 

PeKOMeHflyeMoe CLS-coBMecTMMoe 

MMq MeTOfla 

+ 

op_Addition 

Add 

- 

op_Subtraction 

Subtract 

* 

op_Multiply 

Multiply 

/ 

op_Division 

Divide 

% 

op_Modulus 

Mod 

& 

op_BitwiseAnd 

Bitwise And 

1 

op_BitwiseOr 

BitwiseOr 

A 

°p_ExclusiveOr 

Xor 

« 

op_LeftShift 

LeftShift 

» 

opRightShift 

RightShift 

— 

op_Equality 

Equals 

1= 

op_Inequality 

Equals 

< 

op_LessThan 

Compare 

> 

op_GreaterT han 

Compare 

< = 

op_LessThanOrEqual 

Compare 

> = 

op_GreaterThanOrEqual 

Compare 


B cneuH(J)HKau:HH CLR onpeAejieHbi MHorae /tpynie onepaTopbi, no/maromiieca nepe- 
rpy3Ke, ho C# iix i ic no/mepaciiBaeT. Ohii ho omciii> pacnpocTpaHCHbi, i io.9TO.viy a hx 3,a,ecb 
hc yKa3aji. IIojiHbiii cniicoic ecTb b cneijHrjjHKaitHH ECMA (www.ecma-international.org/ 
publications/standards/Ecma-335.htm) o6mea3biKOBoii HHc|)pacTpyKTypbi CLI, pa3Aejibi 
10.3.1 (yHapHbie onepaTopbi) h 10.3.2 (OiiHapHbie onepaTopbi). 
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nPHMEHAHME 

Ecjim M3yHmb cJjyHAaMeHTa/ibHbie Tunw 6n6jinoTeKM KJiaccoB .NET Framework (FCL) — 
Int32, Int64, Ulnt32 m.fl., — mo>kho 3aMeinTb, hto ohm He onpeAejiaiOT MeTOflbi nepe- 
rpyxeHHbix onepaiopoB. flerio b tom, hto KOMnMJinTopbi pejieHanpaBJieHHO rimyT one- 
papMM C 3TMMM npMMMTMBHbIMM TMTiaMM M TeHepMpyiOT IL-KOMaHAbl, MaHMnyjlMpyiOmMe 
3K3eMnriHpaMM 3 tmxtmitob. Ecjim 6bi 3 tm TMnw noAAepxnBajiM cooTBeTCTByioiAne MeTOAbi, 
a KOMITMJlHTOpbl reHepMpOBa/lM Bbl3blBaiOLAnn MX KOA, TO Ka>KAblM TaKOM Bbl30B CHMXOJ1 6bl 
SbicTpoAeMCTBMe bo BpeMH Bbino/iHeHMH. KpoMeToro, HTo6bi pea/iM30BaTb oxMAaeMoe 
AOMCTBMe, TaKOM MeTOA B KOHeHHOM MTOre BCe paBHO MCnOJIHHJI 6bl Te xe MHCTpyKU,MM 
H3biKa IL. fljia Bac 3 to 03HanaeT cjieAyioiAee: ecjiM a3biK, Ha kotopom bu nMiueTe, He 
noAAspxMBaeT KaKOM-/iM6o m 3 cfiyHAaMeHTaabHbixTMnoB FCL, bm ne CMOxeTe BbinojiHHTb 
AOmctbmh HaA 3K3eMnaapaMM 3Toro TMna. 


OnepaTopbi u B 3 aiiMOfleiiCTBiie n 3 biKOB nporpaMMupoBamifl 

IIeperpy3Ka onepaTopoB oneHb nojie3Ha, nocKOJibKy no3BOJiaeT pa3pa6oTHHKaM 
JiaKOHIIHHO BbipaaCaTb CBOIT MbICJIH B KOMIiaKTHOM ICOAC. O/lliaKO He BCe H3MKI1 IIO/1- 
AepaciiBaiOT neperpy3Ky onepaTopoB; Hanprmep, iipn ruTio/ibsoisaimri 11.3 Mica, He iio/i- 
AepacHBaiomero neperpy3Ky, oh He Sy/ier 3HaTb, KaK HHTepnpeTiipoBaTb onepaTop + 
(eCJIH TOJIbKO COOTBeTCTByK)HJ,HH THn He HBJIHeTCH 3ACMeHTapHbIM B 3TOM H3bIKe), 
h KOMnHJiHTop creHepupyeT 01111161/}'. IIpn ru'iio/iiiaoisaiiiin h3mkob, He noAAepacH- 
Baiomiix neperpy3Ky, h3mk aojiacch iio.jbo.tmtP) Bbi3biBaTb mctoam c npHCTaBKoft op_ 
(HanpiiMep, op_Addition) iianpii.viyio. 

Ecjih Bbi 11 hi nere Ha m3i>ikc, ne noAAepacHBaiomeM neperpy3Ky onepaTopa + nyTeM 
onpeAejiemiH b Time, hiihto hc MemaeT Tiiny npeAOCTaBHTb mctoa op_Addition. Jlorri'ino 
oaciiAaTb, hto b C# moacho Bbi3BaTb 3 tot MeTOA op_Addition, yKa3aB onepaTop +, ho sto 
H e TaK. 06iiapyacnn onepaTop +, KOMniuiHTop C# inner mcto/i, op_Addition c cjuiaroM 
MeTaAaHHbix specialname, KOTopbiii iiHijiopMHpyeT KOMniuiHTop, hto op_Addition — 
3to neperpyaceHHbiii onepaTopHbiii mctoa. A nocKO/ibKy mctoa op_Addition co3AaH Ha 
H3biKe, He noAAepatHBaiomeM neperpy3Ky, b mctoac cjuiara specialname He 6yAeT, 
II KOMnilJIHTOp C# liCpi ICT OmH6Ky. 11 Cl 10, HTO KOA AK)6orO H3bIKa M0>KCT Mill 10 BbI3bIBaTb 
MeTOA no HMeHii op_Addition, ho KOMniuiHTopbi He npeo6pa3yiOT oneparap + b bm30b 
3T0T0 MeTOAa. 


Oco6oe mhghiig aBTopa o npaBUJiax Microsoft, CBB 3 aHHbix 
c MMSHaMM mgtoaob onepaTopoB 

11 yBepeH, hto Bee 3th npaBima, KacaioiiiMCcn cAynaeB, KorAa moacho hah iic.t b3H bm- 
3BaTb MeTOA neperpyaceHHoro onepaTopa, ii3jmmHe caoachm. Ecjih 6m komhhahtopm, 
noAAepaciiBaiomHe neperpy3Ky onepaTopoB, npocTO He reHepupoBajiii cjuiar MeTaAaHHbix 
specialname, moacho 6mjio 6m 3aMCTH0 ynpocTHTb stii nparm.Ta, h nporpaMMHCTaM crajio 
6 m HaMHoro jierne pa6oTaTb c TiinaMii, 1 1 OAAep acriea 10mu mh mctoam neperpyaceHHbix 
onepaTopoB. Ecjih 6m >i.3mkh, noAAepaciiBaiomHe neperpy3Ky onepaTopoB, noAAepacHBajui 
6m h CHHTaKCHC onepaTopoB, Bee >13mkh TaKace noAAepacHBaAH 6m hbhmh bm30b mctoaob 
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c npi-iCTaBKOii op_. a He Mory Ha3BaTb hii oahoii npriHHHbi, 3acTaBiiBmeii Microsoft TaK 
ycjioacHHTb 3th npaBHjia, h iia/teioci), 'no b cjie/pyioiipiix Bepcimx cbohx KOMniuniTopoB 
Microsoft ynpocTHT hx. 

/fjia THna c MCTO/pa.Yi h neperpyaceHHbix onepaTopoB Microsoft raiOKC peKOMeHAyeT 
oiipe/tcjiHTP) OTKpbiTbie 3K3eMi[./iM|)m>[e mctoah c ApyacecTBeHHbiMH n.\ieiiaMi-i, Bbi3bi- 
liaioimie MCTO/pbi neperpyaceHHbix onepaTopoB b CBoeii liiiyipeimei-i peajiH3au;HH. Ha- 
npiiMep, ran c neperpyaceHHbiMH MCTO/paMH op_Addition hjiii op_AdditionAssignment 
AoaaceH TaKace onpeAejiHTb orapbiTbiii mctoa c /ipyatecTBeHHbiM HMeHCM Add. CnucoK 
peKo.vieii.roisaimbix ApyacccTBemii>ix n.vien ,yia Bcex mctoaois onepaTopoB npiiBOAHTca 
b TpeTbeM CTOJi6u,e Ta6ji. 8.1 h 8.2. TaKiiM o6pa30M, noKa3aHHbiii paHee ran Complex 
MoacHO 6buio 6bi oiipcypc.aiiTb h TaK: 

public sealed class Complex { 

public static Complex operator+(Complex cl, Complex c2) { ... } 
public static Complex Add(Complex cl. Complex c2) { return(cl + c2); } 

} 

IIcno, 'no koa, HanucaHHbiH Ha jho6om Miibiicc, cnoco6eH Bbi3biBaTb jho6oh h 3 onepa- 
TopHbix mcto;ioii no ero ApyacecTBeHHOMy hmchh, c KaaceM Add. npaBiuia ace Microsoft, 
ripe/uiHCbiiiaioiuiic/ lo i io. i 11n rc'./r f>i io onpenejuiTb mctoah c/ppy>KecTiscimi)iMi-i n m c p ia. vtii, 
JIIlIHb OCJIOaCHJHOT CHTyaiP,IIIO. /(y,VI3 10, 3TO II3JP HIP Hill >1 CAOACHOCTb, K TOMy ace BbI30B 
MeTO/p,OB c ApyacccmeiiiiijiMn HMeHaMH Bbi30BeT CHiiacemie 6ijiCTpo;peipcTi!iiM, ecjrn to. ; ii>- 
KO JIT-KOMniUIHTOp IPO OV/PCT CnOCo6eH IIO/PCiaii./IMTIi ICO/p B mcto/p c npyacecTBeHHbiM 
HMeHeM. I lo/pciaiioiiica ico;pa no3BOJiiiT JIT-KOMniuiHTopy onraMH3iipoBaTb Becb ico;p 
nyTeM y/PajPCHHIT /pOIIO.IIIIlTC.IIjllOm BbI30Ba MCTO/pa II TeM CaMbIM nOBbICIITb CKOpOCTb 
BbinOJIHeHIIH. 

nPMMEHAHME 

llpuMepoM Tuna, b kotopom neperpyxaiOTca onepaiopbi n ncno/ib 3 yiOTca ApyxecTBeHHbie 

nMeHa MeTOAOB b cooTBeTCTBian c npaBwiaMM Microsoft, MOxeT c/iyxnTb K/iacc System. 

Decimal 6n6/inoTeKn FCL. 


MeTOflbi onepaTopoB npeo 6 pa 30 Bam/m 

Bpepvra ot ispcMCiin B03HiiKaeT iicooxo/pumoctij b npeo6pa30BaHiiii otybeiaao/pnoio rana 
b o6beKT Apyroro rana. yisepeii, mto BaM npiixoAHJiocb npeo6pa30BbiBaTb ana'pcniie Byte 
b Int32. Koiypa hcxoahmii h ipe./iciioii ranbi hbjihiotch npiiMHTHBHbiMii, KOMniuiHTop 
cnoco6eH 6e3 nocTopoHHeii noMonpii reHepiipoBara koa, iieo6xo/pi'i.\ip,iii npeo6pa- 
30BaHiiH o6beKTa. 

Ecjiii hii o/piiii ii 3 ranoB He HBJiaeTCH npiiMiiTiiBHbiM, KOMniuiHTop reHepiipyeT ico;p, 
riacTaii./iMioinnii CLR BbinojiHiiTb npeo6pa30BaHiie (npiiiseAcniie ranoB). B stom cay- 
nae CLR npocTO iipoBcpacT, coiiiia/pacT ah ran iicxo/pnom o6bcicia c hc. : ici!i>im ranoM 
(hjiii HBJuieTCH ii|)Oii.3iiO/piii)iM ot rpeAeBoro). O/pnaico niioiypa Tpe6yeTCH npeo6pa30BaTb 
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o6i>eKT OAHoro rana b coBepmeHHO Apyroii ran. Hanpimep, KAacc System .Xml. Linq. 
XElement no3BOAHeT npeo6pa30BaTb sacmcht XML b Boolean, (U)Int32, (U)Int64, 
Single, Double, Decimal, String, DateTime, DateTimeOffset, TimeSpan,Guid hah 
SKBHB aAeHT Aio6oro H3 3 thx TimoB, AonycKaiomHH npHCBaHBaHHe null (xpoMe String). 
Taioice moacho iipc/tcraiun b, tio b FCL ecra THn /pumbix Rational, b kotopmh yAo6HO 
npeo6pa30BbiBaTb o6beKTbi rana Int32 hah Single. BoAee Toro, 6bmo 6bi noAe3HO 
HMeTb B03M0ACH0CTb BbmoAHiiTb o6paraoe npeo6pa30BaHiie o6beKTa Rational b Int32 
hah Single. 

/],ah b i>i 11 o. ii[(aiii p-i 3thx npeo6pa30BaHiiii b rane Rational aoaachm oiipc/aoniTbCM 
OTKpbiTbie KOHCTpyKTopbi, npHHHMaiomHe b KanecTBe eAHHCTBeHHoro napaMCTpa 3K3CM- 
nAap npeo6pa3yeMoro Tima. KpoMe toto, HyacHO onpeACAiiTb orapbiTbiii 3K3eMnAHpHbiii 
MeTOA ToXxx, He npHHHMaiomHH napaMeTpoB (KaK nony. : iM|)iibiii mctoa ToString). 
KaacAbiii TaKoii mctoa npeo6pa3yeT 3K3eMnAnp Tima, b kotopom onpeAeACH 3 tot mctoa, 
b 3K3eMnAiip THna Xxx. Bot KaK npaBHAbHO onpeAeAHTb cooTiseTcmyioimie KOHCTpyK- 
Topbi h MeTOAbi aah rana Rational: 

public sealed class Rational { 

// Co3flaeT Rational m 3 Int32 
public Rational(Int32 num) { ... } 

// Co3flaeT Rational n3 Single 
public Rational(Single num) { ... } 

// npeo6pa3yeT Rational b Int32 
public Int32 ToInt32() { ... } 

// npeo6pa3yeT Rational b Single 
public Single ToSingleQ { ... } 

} 

BbI3bIBaa 3TII KOHCTpyKTOpbl H MCTOAbl, pa3pa6oTHIIK, IICnOAb3yH AK)6ofi H3bIK, MOACeT 
npeo6pa30BaTb ookckt rana Int32 haii Single b Rational h o6paTHO. IloAo6Hbie npe- 
o6pa30BaHim MoryT 6biTb BecbMa yAo6Hbi, h npn npoeKrapoBaHiiii rana ctoiit noAyMaTb, 
KaKiie KOHCTpyKTopbi h MeTOAbi npeo6pa30BamiH mmcao 6m cmhca isiciio'iipti, b Hero. 

PaHee mh o6cyACAaAH cnoco6w noAAepACKii neperpy3Kii onepaTopoB b pa3Hbix a3biKax. 
HeKOTopbie (Hanpimep, C#) HapnAy c sthm noAAepACHBaiOT neperpy3Ky onepamopoe 
npeo6pa3oeaHun — mctoah, npeo6pa3yK>miie o6beKTbi oahoto THna b o6beKTbi Apyroro 
Tima. MeTOAbi onepaTopoB npeo6pa30BaHiiH onpeACAHiOTCH npn noMomu cneiinaAbHoro 
ciiHTaKCHca. Cnenin})ii ioni, u m CLR ipeoycT, hto6m neperpyAteHHbie mctoam npeo6- 
pa30BaHHH 6bIAII OTKpbITbIMH H CT3TH'ICC KIP M II. KpOMe TOTO, C# (ii MHOnie APy™e 
H3biKii) Tpe6yioT, 'pto6i>i y mctoaa npeo6pa30BaHira THn, no KpaimeH Mepe, oahoto 113 
napaMeTpoB hah B03BpamaeMoro 3HaneHiiH coBnaAaA c ranoM, b kotopom onpeAeAeH 
onepaTopHbiii mctoa. I Ipumnia stoto orpaHimemiH b tom, 'no oho p io;ji5C)./ij-ic p kom- 
niiAHTopy C# b pa3yMHoe BpeMH HaxoAHTb KaHAHAaTypbi onepaTopHbix mctoaob aah 
npiiBH3Kii. CAeAyiomiiH koa ao6;iip./i3C'[' b THn Rational neTbipe MeTOAa onepaTopoB 
iipcoopaaoisaiiiiM: 
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public sealed class Rational { 

// Co3flaeT Rational H3 Int32 
public Rational(Int32 num) { } 

// Co3flaeT Rational H3 Single 
public Rational(Single num) { ... } 

// npeo6pa3yeT Rational b Int32 
public Int32 ToInt32() { ... } 

// npeo6pa3yeT Rational b Single 
public Single ToSingleQ { ... } 

// HeaBHO co3flaeT Rational m 3 Int32 n B03BpamaeT noyiyMei-iHbin o6beKT 
public static implicit operator Rational(Int32 num) { 
return new Rational(num); } 

// HeflBHO co3flaeT Rational m 3 Single n B03BpainaeT no.nyMeHHbin o6beKT 
public static implicit operator Rational(Single num) { 
return new Rational(num); } 

// Rbho B03BpamaeT o6beKT Tuna Int32, no/iyMeHHbifi n3 Rational 
public static explicit operator Int32(Rational r) { 
return r.ToInt32(); } 

// flBHO B03BpamaeT o6beKT Tuna Single, no/iyneHHbiii n3 Rational 
public static explicit operator Single(Rational r) { 
return r.ToSingleQ; 

} 

} 

ITpn onpeAejieHiin mctoaob aah onepaTopoB npeo6pa30Bamra cneayeT yKa3aTb, aoa- 

KeH JIH KOMIHIJIHTOp ITTICpiipOISaTb KOA A-TH HX HeHBHOTO BbI30Ba aiiTOMaTH'ICCKTI HAH 

Aiinib npn naAHMHH hbhoto yKa3aHHH b iicxoahom TeKCTe. Iv. iici'icboc caobo implicit 
yica3biBaeT KOMmiAHTopy C#, hto HaAii’iiic b iicxoahom TeKCTe hbhoto npiiBeAemiH TiinoB 
hc o6a3aTeAbHO aah rcncpannii KOAa, Bbi3biBaiomero mctoa onepaTopa npeo6pa30BaHHH. 
K. iioueiioe caobo explicit no3BOAHeT KOMmiAHTopy Bbi3biBaTb mctoa toabko TorAa, 
KOTAa B IICXOAHOM TeKCTe npOHCXOAHT II151 IOC npiIBeAeHIie THnOB. 

IIocAe KAioneBoro CAOBa implicit hah explicit bbi coo6iuaeTe KOMmiAHTopy, 
hto AaHHbiii MeTOA npeACTaBAHeT co6oii onepaTop npeo6pa30BaHHH (KAioneBoe caobo 
operator). IIocAe K. iio'ierom CAOBa operator yKa3bmaeTCH u,eAeBoii THn, b KOTopbiii 
npeo6pa3yeTCH o6beKT, a b CKo6Kax — hcxoahmii THn o6beKTa. 

OnpeACAiiB b noKa3aHHOM paHee Time Rational onepaTopbi npeo6pa30BaHim, moacho 
H anucaTb (Ha C#): 

public sealed class Program { 
public static void MainQ { 

Rational rl = 5; // HenBHoe npuBeaeHne Int32 k Rational 

Rational r2 = 2.5F; // HenBHoe npuBeaeHne Single k Rational 

Int32 x = (Int32) rl; // flBHoe npnBeflemne Rational k Int32 

Single s = (Single) r2; // flBHoe npnBeflemne Rational k Single 

} 
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ITpn HcnojiHeHHH otoi'o Ko;i,a «3a KyjincaMH» npoiicxoAHT cjieayiomee. Komiiii.tmtop 
C# o6HapyacHBaeT b hcxoahom TeKCTe onepauim npuBeAemiH (npeo6pa30BaHHH thiiob) 
h npn noMomu BHyTpeHHiix Mexami3MOB reHepupyeT IL-koa, KOTopwii Bbi3biBaeT mctoah 
onepaTopoB iipeo6pa;:soiiami a, onpcACJiemibie b Tune Rational. Ho KaKOBbi HMeHa.'mix 
mctoaob? Ha 3tot Bonpoc moacho OTBeTHTb, CKOMmunipoBaB Thu Rational ii iT.ay'iiTB ero 
MC'ia/uumbie. OKaabiisacTCM, KOMniiJiHTop reHepupyeT no OAiio.vty mctoav a.th tcaacAoro 
ii3 oiipc/tcvicmibix onepaTopoB npeo6pa30BaHiia. Mc'ia/i,aiiiii,ic neTbipex mctoaob one- 
paTopoB npeo6pa30BaHiia, onpe/iejieHHbix b THne Rational, bmtahaat npimepHO Taic: 

public static Rational op_Implicit(Int32 num) 
public static Rational op_Implicit(Single num) 
public static Int32 op_Explicit(Rational r) 
public static Single op_Explicit(Rational r) 

Kax bh/ihtc, MeTOAbi, BbinojiHHiomHe npeo6pa30Bamie o6beKTOB oahoto THna b 06b- 
eKTbi npyroro Tima, Bcerna na.sbiiiaiOTCM op_Implicit hjih op_Explicit. OnpenejiHTb 
onepaTop HeaBHoro npeo6pa30BaHim cjienyeT, TO.ibKO icor/ta TO'mocTb hjih BCJiunmia 
3HaneHiiH HeTepaeTca b pe3yjibTaTenpeo6pa30BaHiia, iianpiiMcp npnnpeo6pa30BaHim 
Int32 b Rational. Ecjih ace tohhoctb hjih rscjitpmna .iiia'iciniH b pe3yjibTaTe npeo6pa- 
30BaHiia TepaeTca (Hanpimep, npn npeo6pa30BaHiiii o6beKTa Tima Rational b Int32), 
c.tcavct onpenejiHTb onepaTop niiiiom npeo6pa30BaHim. Ecjih nonbiTKa HBHoro npe- 
ofipaaoiiamia 3aBepmiiTCH Heynaneii, CJieayeT coo6miiTb 06 otom, BbmaB b mctoac iic- 
KJHoaeHiie Overt lowException hjih InvalidOperationException. 


nPMMEHAHME 

flBa MeTOAa c nivieHeM op_Explicit npnHnMaiOT OAHHaxoBbii/i napaMeTp — oOtexT Tiana 
Rational. Ho 3th MeTOAbi B03BpaiAai0T 3HaneHna pa3Hbix TnnoB: Int32 n Single coot- 
BeTCTBeHHO. 9 to npi/iMep napw MeTOAOB, OT/innaiOLAnxca /lmubTnnoM B03BpaLuaeMoro 
3HaMeHnn. CLR b no/iHOM oOteMe noAAsp>xnBaeT B03M0XH0CTb onpeAe/ieHnn Hecxojibxnx 
MeTOAOB, OTJinuaiOLAnxcn To/ibxo Ti/inaMH B03BpaiAaeMbix 3HaneHnti. OAHaxo 3Ta B03- 
MOXHOCTb ncno/ib3yeTcn jininb oneHb HeMHornMn 93bixaMM. Kax bw, BepomHO, 3HaeTe, 
C++, C#, Visual Basic n Java He no3BO/isiOTonpeAeTisTb MeTOAbi, pa3/inHaiOLAnecs To/ibxo 
TnnoM B03BpaLAaeMoro 3HaneHna. Jlniiib Hecxo/ibxo n3bixoB (HanpnMep, IL) no3BOJiniOT 
pa3pa6oTHHKy hbho BbiOnpaTb, xaxoia mctoa Bbi3BaTb. Kohchho, IL-nporpaMMi/iCTaM He 
c/ieAyeT ncno/ib30BaTb 3Ty B03M0>xH0CTb, Tax xax onpeAeneHHbie TaxnM o6pa30M MeTOAbi 
6yAyT HeAOCTynHbi Ana Bbi30Ba H3 nporpaMM, HanncaHHbix Ha APyrtix H3bixax nporpaM- 
MnpoBaHnn. H xoth C# He npeAOCTaBJiaeT 3Ty B03M0>KH0CTb nporpaMMMCTy, BHyTpeHHne 
MexaHti3Mbi xoMnn/iaTopa Bee paBHO ncno/ib3yiOT ee, ec/11/1 b Tune onpeAe/ieHbi MeTOAbi 
onepaTopoB npeo6pa30BaHna. 


KoMniijiaTop C# nojiHOCTbio noAAepaciiBaeT onepaTopw npeo6pa30BaHHH. 06Hapy- 
aciib koa, b kotopom bmocto oaciiAaeMoro Tima ncnojib3yeTCH o6beKT cobccm Apyroro 
Tima, KOMniuiHTop iimeT mctoa onepaTopa HeaBHoro npeo6pa30BaHira, cnoco6Hbiii bh- 
nojiHHTb HyacHoe npeo6pa30BaHiie, h reHepupyeT koa, Bbi3biBaiomHH stot mctoa. Ecah 
noAxoAAmnH mctoa onepaTopa HeaBHoro npeo6pa30BaHiiH o6HapyaciiBaeTCH, KOMniuiHTop 
BCTaBaaeT b pe3yAbmpyiomHH IL-koa Bbi30B 9Toro MeTOAa. I I aft ah b iicxoahom tckctc 
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HBHoe npiiBe/ieHiie tihiob, KOMnnaaTop iimeT mctoa onepaTopa aBHoro ham HeaBHoro 
npeo6pa30Bamia. Ecaii oh cymecTByeT, KOMniuiHTop reHepiipyeT Bbi3biBaK>mHH ero koa. 
Ecah KOMnujiHTop He mokct HaitTH noAxoAHmiiii mctoa onepaTopa npeo6pa30BaHiia, oh 
BbiAaeT omn6Ky, h koa He KOMmiAiipyeTca. 

nPMMEHAHME 

C# reHepnpyeT koa Bbi30Ba onepaTopoB HeaBHoro npeo6pa30BaHna b c/iynae, KorAa 
ncnojib3yeTCn BbipaxeHi/ie npnBeAeHi/ia TnnoB. OAHara onepaTopbi HeaBHoro npeo6- 
pa30BaHna hhkotaa He Bbi3biBaiOTca, ecan ncnoab3yeTca onepaTop as nan is. 


M too bi no-iiacTOMine.viy pa3o6paTbca b MeTOAax iicpcrpy>KCiiiibix onepaTopoB h one- 
paTopoB npeo6pa30BaHiia, a nacTos-ncAbiio peKOMeHAyio ncnojib30BaTb THn System. 
Decimal KaK o6pa3eii. B Tnne Decimal onpeAeaeHO HecKOJibKO KOHCTpyKTopoB, no- 
3 BOJiaiomHx npeo6pa30BbiBaTb b Decimal o6beKTbi paa./in'iiibix TunoB. Oh TaiOKC noA- 
AepacuBaeT HecKOJibKO mctoaob ToXxx Aaa npeo6pa30BaHiia oobcicroii Tima Decimal 
b o6beKTbi Apvmx TimoB. I la Ko iich, b atom Time onpcACACii paA mctoaob onepaTopoB 
npeo6pa30BaHiia h neperpyaceHHbix onepaTopoB. 


MeTOAbi pacumpeHiin 

Mexami3M mctoaob pacmupemia Jiyame Bcero paccMaTpiiBaTb Ha kohkpcthom npiiMepe. 
B raaBe 14 a yno.viHiiaio o tom, hto aah yiipaiueima CTpoKaMii KJiacc StringBuilder 
npeAAaraeT MeHbme mctoaob, tcm KJiacc String, h oto aoho.tmio CTpamio, noTOMy 
hto KJiacc StringBuilder aBJiaeTca npeAnoaTHTejibHee aa a ynpaBAemia crpoKaMH, 
TaK KaK oh ii3MeHaeM. /JonycTHM, bbi xotiitc onpeACJim b HeKOTopbie OTcyTCTByiomne 
b Kaacce StringBuilder mctoah ca.viocTOMTCAbiio. Bo3moacho, bm pemiiTe onpeAeaiiTb 
co6cTBeHHbiii MeTOA IndexOf: 

public static class StringBuilderExtensions { 

public static Int32 IndexOf(StringBuilder sb, Char value) { 
for (Int32 index = 0; index < sb.Length; index++) 
if (sb[index] == value) return index; 
return -1; 

} 

} 

IIocAe toto KaK mctoa 6yAeT oripcACJicn, ero moacho iicnojib30BaTb b nporpaMMax: 

// HHUMnaananpyioinafl CTpoxa 

StringBuilder sb = new StringBuilder("Hello. My name is 3eff."); 

// 3 aMeHa TOMKM BOCK/UHiaTe/IbHblM 3 HaK 0 M 

// n no/iyseHne HOMepa cuMBO/ia b nepBOM npefl/ioxemiM (5) 

Int32 index = StringBuilderExtensions.IndexOf(sb.Replace(^ '!'), '!'); 
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3tot nporpaMMHbni koa pa6oTaeT, ho b nepcneKTiiBe oh hc iiAcaACH. Bo-nepBbix, npo- 
rpaMMHCT, acejiaiomioi noAyaHTb iihackc ciiMBOJia npn noMomu KJiacca StringBuilder, 
AOJiaceH 3HHTb o cymecTBOBaHHH KJiacca StringBuilderExtensions. Bo-btopmx, 
nporpaMMHbiii koa He OTpaacaeT nocAeAOBaTeAbHOCTb onepaTopoB, npeACTaBAeHHbix 
b o6beKTe StringBuilden, hto ycAoacHacT noHiiMaHiie, HTCHiie h conpoBOACAeHiie koaa. 
IlporpaMMiiCTaM yAo6Hee 6biAO 6bi Bbi3biBaTb CHanajia mctoa Replace, a 3aTeM mctoa 
I ndexOf, ho KorAa bbi npoaHTaeTe nocAeAHioio ciponKy KOAa CAeBa HanpaBO, nepBbiM 
b CTpoKe oKa'/KCTOi IndexOf, a 3aTeM — Replace. Bbi mo/icctc HcnpaBiiTb cirryanii 10 
h CAeAaTb noBeACHiie nporpaMMHoro KOAa 6oAee hohhthmm, HanucaB CAeAyiomiiii koa: 

// 3aMeHa tomkh BOCK/inuaTe/ibHbiM 3HaK0M 
sb.Replace(".’, "!’); 

// nonyHeHMe HOMepa cniMBO/ia b nepBOM npeA-noweHMU (5) 

Int32 index = StringBuilderExtensions.IndexOf(sb, ' !’)l 

OAHaKO 3Aecb B03HiiKaeT TpeTbH n|)o6./iCMa, aaipyAuaiomaM noHiiMaHiie AoriiKii 
KOAa. HcnoAb30BaHiie KAacca StningBuilderExtensions OTBAeKaeT nporpaMMiiCTa 
ot BbinoAHHeMOH onepaiiiin: IndexOf. Ecah 6bi KAacc StringBuilden onpeAeAHA 
co6cTBeHHbiii mctoa IndexOf, to npeACTaBAeHHbiii koa moacho 6mao 6bi neperaicaTb 
CAeAyiomiiM o6pa30M: 

// 3aMeHa tohkm BOCKnnpaTenbHbiM 3H3K0M 

// n nonyMeHne HOMepa cuMBO/ia b nepBOM npeAnoxeHMM (5) 

Int32 index = sb.Replace('.', ’!')•IndexOf('!’); 

B KOHTeKCTe conpoBOACAeHHH nporpaMMHoro KOAa sto BbirAAAHT BeAiiKOAenHo! 
B o6beKTe StringBuilder mm aa.vteimcM to'ikv BOCKAim,aTeAbHbiM 3HaKOM, a 3aTeM 
HaxOAHM HHAeKC 3Toro 3HaKa. 

A cciiaac a nonpo6yio o6bHCHiiTb, [ ito ii.viemio AeAaiOT mctoaijI pacmupemia. Ohii 
n03B0AHI0T BaM OnpCACAHTb CTaTHHCCKHH MCTOA, KOTOpblH BbI3bIBaeTCH nOCpCACTBOM 
criHTaKCiica 3K3CMnAJipHoro MeTOAa. Hiiaae roBopa, mm mo/iccm onpeAeAHTb co6ctbch- 
Hbiii mctoa IndexOf — h Tpii npo6ACMbi, ynoMaHyTbie Bbirne, iicncaiiy r. /L am toco hto6m 
npeBpaTHTb mctoa IndexOf b mctoa pacmupcHiia, mm npocTO Ao6aBiiM kaiohcboc caobo 
this nepeA nepBbiM apryMeHTOM: 

public static class StringBuilderExtensions { 

public static Int32 IndexOf(this StringBuilder sb. Char value) { 
for (Int32 index = 0; index < sb.Length; index++) 
if (sb[index] == value) return index; 
return -1; 

} 

} 

KOMnilAATOp yBHAHT CACAyiOmilH KOA: 

Int32 index = sb.IndexOf( 'X 1 ); 

Cnanajia oh npoBepHT KAacc StringBuilder hah bcc ero 6a30Bbie KAaccbi, npeAO- 
CTaBAHiomHe 3K3CMnAapHbie MeTOAbi c HMeHeM IndexOf h cahhctbchhmm napaMCTpoM 
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Chan. Ecjih ohii He cymecTByiOT, Toiyta komiiuuhtop ovact HCKATb .1106011 cTaTHuecKHH 
Kjiacc c onpeAejieHHbiM mctoaom IndexOf, y KOToporo nepBbiii napaMeTp cooTBCTCTByeT 
Tuny BbipaaceHiiH, ncnojib3yeMoro npu Bbi30Be MeTOAa. 3 tot Tim aoaacch 6 biTb OTMeueH 
npu noMomu K. iio'ieiiom cjiOBa this. B Aamio.vi npimepe BbipaacemieM mb.ihctca sb 
rana StningBuilden. B stom cjiynae KOMniuinTop iimeT mctoa IndexOf c AByMH na- 
paMeTpaMii: StningBuilden (oTMeueHHoe cjiobom this) h Chan. KoMniuiHTop HaimeT 
Ham MeTOA IndexOf h creHepupyeT IL-koa jv ih Bbi30Ba Harnero GTaTHuecKoro .vtcroAa. 

Tenepb hohhtho, KaK KOMnmiHTop pemaeT ABe nocjieAHiie ynoMHHyTbie mhoh npo- 
6jieMbi, OTHOcamiiecH k miTa6ejibHOCTH KOAa. OAHaKO ao chx nop HenoHHTHO, KaK 
pemaeTCH nepiiaa r i |)<)6./k'm;i , to ecTb KaK nporpaMMHCTbi y3HaiOT o tom, tio mctoa 
IndexOf cymecTByeT h moacct Hcnonb30BaTbCH b ookcktc StningBuilden? Otisct Ha 
3tot Bonpoc b Microsoft Visual Studio AaeT Mexami3M IntelliSense. B pe/uiicrope, KorAa 
Bbi HaneuaTaeTe TOHKy, hohbhtch IntelliSense-OKHO co cniicKOM AOCTynHbix mctoaob. 
KpoMe toto, b IntelliSense-OKHe 6yAyT npeACTaBAeHbi Bee mctoah pacmnpemui, cy- 
iuecTByKuune juia THna m.ipaacemia, HanucaHHoro caena ot tohkii. IntelliSense-OKHO 
noKa3aHO Ha puc. 8.1. KaK isu/uitc, phaom c MeTOAaMH pacmupeiuia iimcctcm CTpejiO'iica, 
a KOHTeKCTHaa noACKa3Ka noKa3biBaeT, tio mctoa AeftcTBHTeAbHO aii.iaeica mctoaom 
pac him pern hi. 3to oaem. vaooiio, noTOMy 'no Tenepb npu noMomu stoto imcTpyMeHTa 
Bbi MoaceTe jici'ko onpeAeAHTb coocmemibie mctoaijI aah ynpaBJieHim pa3./ui aiibi mu 
TiinaMii odbeKTOB, a Apynic nporpaMMHCTbi ecTecTBeHHbiM o6pa30M y3HaiOT o hhx npu 
HCn0JIb30BaHIIII odbeKTOB 3THX THnOB. 
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// Get # ilwMlyr-k 


lkl 


m 


// Change period to excleant ion Mrk end get • characters in 1st sentence (5). 

index ■ sli. Kfpl^c «•('.' , ' !' ) . IndexOf ( ' ! *) ; 

9 f*l 

9 

0 GrtMivKcJ* 

// sb is null 9 Get Type 

StringBuilder %b » null; 

9 Imert 

// Celling extension aethod: * Lef> 1** 

// Nul1Reference!xception uil ^ 
sb. IndexOf ('X'); • 



(o te mwi) lwSo O t(cb<r vefcjr) 

tion Mill NOT be throMn when cel 
• IndexOf *% for loop 


// Celling instance aetHod; MullReferenceLxception MILL be thrown when celling 
•.h.Krpl»ce( *. ’, ' ! *); 

t»«dO; 


Puc. 8.1. MeTOfl pacmupeHna b OKHe IntelliSense b Visual Studio 
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ripaBM/ia i/i peKOMeHflaunn 

I lpiiiic;iy HecKOJibKO npaBHA h (jiaicmis, KOTopbie i[(‘o6xo/i,hmo 3HaTb o MCToaax pac- 

IITHpCHHA. 

□ H3wk C# noAAepaaiBaeT TOAbKO MeTOAbi pacmupemiH, oh hc noAAepaciiBaeT cbohctb 
pacmiipeHira, co6hthh pacumpeHiiH, onepaTopoB pacmiipeHira h t. a. 

□ MeTOAbi pacmiipeHira (mctoah co cjiobom this nepeA nepBbiM apryMCHTOM) aoaachm 
6bITb OObHIi. ieill.l B CTaTHHCCKOM IlCOOOOineilllO.VI K/iaCCC. 0/1,1 laKO HeT OI |)aill1'ICIIIlM 
Ha iMa 3Toro KJiacca, Bbi mo/icctc Ha3BaTb ero KaK BaM yio/pio. Koiicmiio, mctoa 
pacmiipeHira AO/iaceH HMeTb, no KpaHHeft Mepe, oahh napaMeTp, h TOJibKO nepBbifi 
napaMeTp moacct 6biTb otmchch KAioneBbiM cjiobom this. 

□ KoMim. iMTop C# iiiu,eT mctoa i>i pacmiipeHira, aa/niminie TOJibKO b cram'iecK'iix 
KJiaccax, oiipeacjiemibix b o6jiacTii bhahmocth <))aii. : ia. /IpyriiMii cjiOBaMii, ecjra bbi 
onpeAejiiijiii CTaTHnecKHH KJiacc, yiiacACAonaimniii ot apyrom KJiacca, KOMniuraTop 
C# BbmacT cjieayiomee coo6meHiie (omn6Ka CS 1109 : mctoa pacmiipeHira aoaacch 
6biTb onpeaejieH b CTaTiraecKOM Kjiacce nepBoro y pom in, StringBuilderExtensions 
HBAHCTCH BAOACCHHblM KJiaccoM): 

error CS1109: Extension method must be defined in a top-level static 
class; StringBuilderExtensions is a nested class 

□ TaK KaK CTaTHHCCKiiM KjiaccaM moacho /umaxi, jno6bie ii.viciia no BarneMy acejiaHiiio, 
KOMraiJiHTopy C# hco6xoahmo Kanoe-TO bpcmh AJia Toro, htoOh HaiiTii mctoah pac- 
mtipcHtra; oh npocMaTpiiBaeT Bee ciai ii'iccKiic KJiaccbi, onpeAejieHHbie b od/iacni 
cjiaiiaa, h CKamipyeT hx craTiraecKiie MeTOAbi. J\jin noBbimeHira npoii3BOAHTejibHOCTii 
H AJIH Toro, HTo6bI He paCCMaTpiIBaTb AHHIHHe B .jam [ 1,1 X OOCTOMTCJIbCTISaX MeTOAbi 
pacmiipeHira, KOMniuiHTop C# TpeOyeT «HMnopTHpoBaHira>> mctoaob pacmiipeHira. 
Hanpimep, nycTb KTO-Hii6yAb onpeAejimi KJiacc StningBuilderExtensions b npo- 
CTpaHCTBe tiMeH Wintellect, TorAa Apyroii nporpaMMiicT, KOTopoMy HyacHO iiMCTb 
AOCTyn k MeTOAy pacmiipeHira ashhoto KJiacca, b Hanajie cjiaiiaa nporpaMMHoro koaa 
AOJiaceH yKa3aTb KOMaHAy using Wintellect. 

□ CymecTByeT B03M0acH0CTb onpeAeAemra b HecKOJibKiix CTaTiraecKiix KJiaccax 
OAHHaKOBbIX MeTOAOB ]) TIC 111 lipCI [ II /I. ECJIII KOM 11IIJIHTO)) BblHCHHT, HTO CymeCTByiOT 
ABa h 6ojiee mctoaob pacniupcwra, to TorAa oh BbiAaeT cjieAyiomee coooincline 
(oiHiiOKa CS0121: HeoAHOSHaHHMH bh30b cjieAyiomux mctoaob hah cboiictb 

'StningBuilderExtensions.IndexOf(string, char)' h 'AnotherStringBuild 
erExtensions.IndexOf(string, char)): 

error CS0121: The call is ambiguous between the following methods 
or properties: ’StringBuilderExtensions.IndexOf(string, char)' 
and 'AnotherStringBuilderExtensions.IndexOf(string, char)’. 

/Iah toto HTo6bi HcnpaBHTb 3Ty omiiOKy, bm AOAacHM MOAH(jiHH,HpoBaTb npo- 
ipaMMHblH KOA. HeAb3H IICn0Ab30BaTb CHHTAKCHC 3K3eMnAHpHOrO MCTOAa AAH BbI30Ba 
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CTaTHACCKOrO \ICTO/l,a, BMeCTO 3T0I0 AOJiaCCH lipilMCIIMTbCM CIIHTaKCHC CTaTHMCCKOI'O 
Mero/ia c yKa3aHHeM hmciiii CTaTHaecKoro KJiacca, hto6m tohho cooommi) KOMnii- 
JIHTOpy, KaKOfi IIMCIIIIO MCTOA HyaCHO BbI3BaTb. 

□ I I|)ii6cr;nb k otomv Mexainia.My cacavct He caiiihkom Macro, TaK KaK oh ii3BecTeH He 

bccm pa3pa6oTHHKaM. Hanpimep, Koraa bm pacmiipaeTe Tim c mctoaom pacnrapemia, 
Bbi AeHCTBHTejibHO pacmiipaeTe yiiac./ie/i,oi!;iiiiii)ic THnbi c otipm mcto/iom. GiCAOisa- 
TCAbiio, Bbi He AOJiacHbi onpeAejiHTb mctoa BbipaaceHiia, ncii nepBbiH napaMeTp — 
System.Object, TaK KaK 3tot mctoa 6vact Bbi3biBaTbca isccx TimoB BbipaaceHiiii, 

h cooTBeTCTByiomiie ccmakh TOJibKo ovavt 3aipo.\io>K/[,aTi> okho IntelliSense. 

□ CymecTByeT noTeHiiiiaabHaa npo6jieMa c iscpciiMMLi. Ecjiii b 6yAymeM pa3pa6oTHiiKii 
Microsoft Ao6aBHT :jk3C'.vtpi. ixi |) iii>p ii mctoa IndexOf k Kjiaccy StringBuilder c ic.vi 
ace npoTOTHnoM, hto h b mocm npimepe, to Kor^a a nepeKOMniunipyio cboii npo- 
rpaMMHbiii koa, KOMniuiHTop CBHaceT c nporpaMMoii 3K3eMnjiapHbiH mctoa IndexOf 
KOMnaHHH Microsoft bmccto Moero CTaTiiaecKoro MC'io/pi IndexOf. H3-3a otoio mom 
nporpaMMa HaaHeT ce6a no-ApyroMy. 3Ta npo6aeMa Bepciiii — eme OAHa npiiHiiiia, 

no KOTOpOH 3TOT MexaHII3M CACAVCT HCn0JIb30BaTb OCMO'i pil'ICVI IjIPO. 


PacmupeHue pa3Hbix twioej MeioflaMM pacmupeHun 

B 3Toii p ./iaiic a npoAeMOHCTpiipoBan, KaK onpeAeaaTb mctoah pacmupeHiia a am icAacca 
StringBuilder. H xoTea 6bi OTMeTHTb, hto TaK KaK mctoa pacmupeHiia Ha caMOM Aeae 
HBJiaeTCH bw30bom CTaTiiaccKoro MeTOAa, to cpeaa CLR He reHepiipyeT koa aah npoBepKii 
;jip;i' pci pn mp BbipaaceHiia, iiciiOAiAsyc.MOio a a a Bbi30Ba MeTOAa (paBHO ah oho null). 

// sb paBHO null 
StringBuilder sb = null; 

// Bbi30B MeToaa BbipaxeHHH: MCK/iiOHeHne NullReferenceException HE BYflET 
// BbiaaHO npw Bbi30Be IndexOf 

// McK/iiOHeHHe NullReferenceException 6yfleT B6poiueHO BHyTpit uniKiia IndexOf 
sb.IndexOf( ’X') ; 

// Bbi30B 3K3eMn/iflpHoro MeTOfla: McicmoHeHiiie NullReferenceException EYflET 
// B6pomeHO npH Bbi30Be Replace 
sb.Replace('. ', ' ! ’); 

H TaKace xotca 6bi otmcthp b, hto bm MoaceTe onpeACAaTb mcto/i, i)i pacmupeHiia aah 
HHTepcjieiicHbix TimoB, KaK b CACAyiomeM nporpaMMHOM KOAe: 

public static void ShowItems<T>(this IEnumerable<T> collection) { 
foreach (var item in collection) 

Console.WriteLine(item); 

} 

IlpeACTaBJieHHbiH 3Aecb mctoa pacmupeHiia MoaceT 6biTb Bbi3BaH c iicnoAb30BaHiieM 
aio6oro BbipaaceHiia, pcavAPaaT iii)iiio. iiieiiiiM KOToporo OTHOCHTca k THny, peajni3yio- 
ipeMy HHTepcjieHC IEnumerable<T>: 
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public static void Main() { 

// riOKa3blBaeT KaXAblii CHMBOA B KaXAOM CTpOKe KOHCOAM 

"Grant".ShowItems(); 

// noKa3NBaeT Kaxflyw CTpoKy b ioikaom CTpoKe kohcoam 
new[] { "Deff", "Kristin" }.ShowItems(); 

// noKa3NBaeT KaxAbih Int32 b xaxAoii CTponxe kohcoam. 
new List<Int32>() { 1 , 2 , 3 }.ShowItems(); 

} 

BHMMAHME 

MeTOAbi pacLunpeHna abtihiotcs KpaeyronbHbiM KaMHeM npeA-naraeMOH Microsoft TexHO- 
iiormi Language Integrated Query (LINQ). B KaHecTBexopomero npmviepa K/iacca c 6o/ib- 
llihm KOAnnecTBOM MeTOAOB pacmnpeHnn oOpaime BHHMaHne Ha CTaTHnecKHH K/iacc 
System.Linq.Enumerable n Bee ero CTainnecKne MeTOAbi pacintipeHnn b AOKyMeHTau.nn 
Microsoft .NET Framework SDK. KaxAbrn MeTOA pacLunpeHnn b 3tom Knacce pacaiHpaeT 
ah6o HHTepcJrenc lEnumerable, ah6o HHTepcJrenc IEnumerable<T>. 


MeTOAbi pacuiripenii m TaiOKC moacho onpeAeAHTb h aah thiiob-A eAeraTOB, Hanpn- 

Mep: 

public static void InvokeAndCatch<TException>(this Action<Object> d , Object o) 
where TException : Exception { 
try { d(o); } 
catch (TException) { } 

} 


IIpHMep BbI30Ba: 

Action<Object> action = o => Console.WriteLine(o.GetType()); 

// BbiAaeT NullReferenceException 
action.InvokeAndCatch<NullReferenceException>(null); 

// nornoinaeT NullReferenceException 

KpoMe toto, moacho Ao6aBJiHTb MeTOAbi pacinupeHiiH k nepeAHCJiHMbiM THnaM (npn- 
Mepbi cm. b maBe 15). 

HaKOHeu, KOMniiAHTop C# noaiio.TMCT co3AaBaTb AeAeraTOB, ccia. iaioiniixcM Ha mctoa 
pacmiipeHiiH nepe3 o6i>eKT (cm. rnaBy 17): 

public static void Main () { 

// Co3AaHue AeneraTa Action, ccbmaiomerocn Ha CTaTMnecKMM mgtoa pacuiMpeHMn 
// Showltems; nepBbiM apryMeHT nHnunaAH3upyeTCfl ccnakom Ha CTpoxy "Deff" 

Action a = "Deff".Showltems; 


// Bbi30B AeAeraTa, BbBbiBaiomero Showltems m nepeAaiomero 
// ccbmxy Ha CTpoxy "Deff" 

a(); 

} 
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B npeACTaBjieHHOM nporpaMMHOM koac KOMniuiHTop C# reHepupyeT IL-koa aah Toro, 
ato6h co3AaTb ACJicrara Action. I Ioc.tc co.'X'tnma ACjienna KOHCTpyKTop nepe^aeTca 
B BbI3bIBaeMbIH MCTO/l, TaiC/ICC IPCpCAaCTCH CCbUIKa Ha o6beKT, KOTOpblli AOJI/ICCII 6bITb 
iiepe/uin b dtot mctoa b ica'iecrne CKpbiToro iiapa.vtCTpa. Oobi'mo, Kor^a Bbi co.3;i,acTC 
ACJieraTa, ccbuiaiomerocH Ha CTaTHnecKiiH mctoa, o6beKTHaa ccbuiKa paBHa null, no- 
TOMy tio CTaTHHecKHH mctoa He HMeeT otoio napaMeTpa. O/uiaico b /uuiiiom npimepe 
KOMniniHTop C# creHepupyeT cneunajibHbrii koa, C03AaK>miiii AeaeraTa, ccbuiaiomerocH 
Ha ct aTHHecKi ni mctoa Showltems, a upaeBbiM oObciciOM ciai uMCCKom m era ah 6vact 
ccbuiKa Ha CTpoKy "Jeff". I Iotaiicc, npn Bbi30Be /tcjieraia, CLR Bbi30BeT c iai ii'ieciaiii 
mctoa h nepe/tacT eMy ccbuiKy Ha CTpoKy "Jeff ", Bee 3to HanoMimaeT KaKne-TO c)x>- 
Kycbi, ho xoporno pa6oTaeT h miirjia/uri ecTecTBeHHO, ecjni He AyMaTb, hto npn 3 tom 
nponcxoAHT BHyTpu. 


ATpuQyT pacumpeHun 

Koiiecipo, 6bijio 6bi .ayiiiie, hto 6 h KOHiiempra mctoaois pacnmpcmia 01 1 pc)cii./iac p> 6bi 
He TOJibKO k C#. Xotc.toci, 6bi, hto 6 h nporpaMMHCTbi oiipcAC.Ta.Tii Ha6op mctoaob 
pacmiipeipiia Ha pa3Hbix H3biKax nporpaMMHpoBaHHa h, TaKHM o6pa30M, cnoco6cTBO- 
BajHI pa3BHTHK) Apyi'IIX H3bIKOB npOrpaMMIipOBaHHH. JXjW Toro HTC)6bI 3TOT MexaHH3M 
pa6oTan, KOMniuiHTop AoaaceH noAAepacHBaTb noncK CTaTHHHbix thhob h mctoaob aah 
conocTaBjieHim c mctoahmii pacmiipeHiia. H KOMninuiTopbi /p,o. i>pc i p p>i sto p i |) 0 /i,c'./p p>i ii;i p p> 
6bICTpO, HTo6bI BpeMH KOMnHJIHUHH OCTaBajIOCb MIIHHMajIbHblM. 

B H 3 biKe C#, Kor^a bm iiOMcnac'ic nepBbifi napaMeTp cia'i n'iiioi '0 m era ah kajohcbmm 
CJIOBOM this, KOMnilJIHTOp npHMeHHeT COOTBeTCTByKPHIHH aTpn 6 yT K MeTOAy, H AaHHblH 
aTpn 6 yT coxpaHaeTCH b MeTaAaHHbix pe 3 yAbmpyiomero cjraiuia. 3 tot aTpn 6 yT onpeAeacH 
b c 6 opKe System.Core.dll h BbirjiHAHT caeAyiomiiM o 6 pa 30 M: 

// Onpeae/ieH b npocTpaHCTBe m»ieH System.Runtime.CompilerServices 
[AttributeUsage(AttributeTargets.Method | AttributeTargets.Class 

| AttributeTargets. 

Assembly)] 

public sealed class ExtensionAttribute : Attribute { 

} 

K TOMy ace stot aTpn6yT npiiMCHHeTCH k MeTanaHHbiM jno6oro CTaTiraecKoro KAacca, 
coAepacamero, no KpaftHeft Mepe, oahh mctoa pacmupeHira. HTaK, KorAa CKOMnnanpo- 
BaHHbiH koa Bbi3biBaeT iiecymecTTiyioiniiii .3 io.cmpi. inp> ipp>iit mctoa, ic()miiii.tm'io|) MoaceT 
6bICTpO npOCKaHIipOBaTb BCe CCP>I.TaiOII[lieCa c6opKII, HTo6bI OlipCAC..TI1TP>, icaicatl 113 HIIX 
coAepacHT MeTOAbi paciiinpemia. B Aa.TiaieiniiCM oh MoaceT cicaHiipoBaTb poai i>ico Te 
c6opKH c'l'a'i ii'iccKHx KaaccoB, KOTopbie coAepacaT mctoait pacmupeHim, BbinojiHaa 
noncK ipopeiiniia. iiiiiiiix cootbctctbhh ia)Miiii.TiipycMO.viy KOAy HacTOAbKO 6biCTpo, Ha- 
CKOAbKO 3TO B03M0aCH0. 
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nPMMEHAHME 

Knacc ExtensionAttribute onpeAenen b cbopxe System.Core.dll. 3to 03HaHaeT, hto pe3y/ib- 
TMpyiOLAan cbopxa, creHepapoBaHHan KOMnnnnTopoM, byaeT aMeib ccbuiKy Ha BdpoeH- 
Hyio b Hee bnbnnoTeKy System.Core.dll, Aa>xe ecaa He ncno/ib30BaTb Kaxoa-aabo Tan a3 
System.Core.dll a Aa>xe ecaa He ccwaaTbca Ha Hero bo BpeMa KOMnaaspaa nporpaMMHoro 
KOAa. OAHaKO 3to He Taxaa yxe bojibwan npobaewia, noTOMy hto ExtensionAttribute ac- 
noab3yeTca Toabico oahh pa3 bo BpeMa KOMnaaapaa, a bo BpeMn BbinoaHeHaa System. 
Core.dll He 3arpy3HTcn, noxa npaaoxeHae 3aHaT0 neM-aabo APyraM b stoh cbopxe. 


HaCTMHHbie MeTOAbl 

IIpeACTaBbTe, tio bm iicno.Tb.'sycTC cjiyiKeoimo nporpaMMy, KOTopaa reHepupyeT hc- 
xoahmh koa Ha C# c onpeAeAeHHeM Tima. 3toh nporpaMMe H3BecTHO, hto BHyTpri 
nporpaMMHoro KOAa ecTb MecTa, b kotopmx bm xotc.th 6m HacTpoHTb iiobc/utihc Tuna. 
06hhho TaKaa nacrpoinca nporreBOAHTca npn iiomoiuh BHpTyaAbHbix mctoaob, bm3m- 
BaeMbix creHepupoBaHHbiM koaom. CreHepupoBaHHMH koa xaioicc aoajkch coAepacaTb 
onpeACACHiia;:)Tax BirpTyaAbHbix mctoaob, rAe hx pca.TiisanaM na>icmHe AC./iacr, anpo- 
cto B03BpamaeT ynpaBJieHiie. l lio6bi HacTpoiiTb noBeAeHiie K./iacca, nyxcno onpeAejiHTb 
co6cTBeHHbiH K./iacc, yna<:'.TC/i,oi!aiiiibia ot 6a30Boro, h 3aTeM nepeonpeAemiTb Bee ero 
mip’rya./H.iibie MeTOAbl, pea.Taayioinae »cc.;iacMoe noBeAemie. Bot npuMep: 

// CreHepnpoBaHHbiii koa b HexoTopoM (jjaiiae c ucxoahnm koaom: 
internal class Base { 
private String m_name; 

// BbiBbiBaeTcn nepeA M3MeHeHueM nonn m_name 
protected virtual void OnNameChanging(String value) { 

} 

public String Name { 
get { return m_name; } 
set { 

// HH<|)opMnpyeT xnacc o B03M0*Hbix n3MeHeHnnx 
OnNameChanging(value.ToUpper()); 
m_name = value; // H3MeHeHue nonn 

} 

} 

} 

// HanncaHHbiii nporpaMMMCTOM koa m 3 Apyroro tpaiina 
internal class Derived : Base { 

protected override void OnNameChanging(string value) { 
if (String.IsNullOrEmpty(value)) 

throw new ArgumentNullException("value"); 

} 

} 
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K coacajieHino, y npeACTaBjieHHoro KOAa hmciotch ab a HCAOCTaTKa. 

□ Tim He aoaacch 6biTb 3aiie'iaTamibiM (sealed) KJiaccoM. I [e.ima ncnojib30BaTb stot 
noAxoA aah .'saiiC'faTaimi.ix KJiaccoB hjih ;iaa aiia'iHMbix THnoB (noTOMy tio oipa'iii- 
Mbie THnbi HeuBHO sailenaiiur f>i ). K TOMy ace iic./rp>3»n iiciio. ; n> 30 baTb stot noAXOA jiaa 
CTaTHHecKiix MeTOAOB, noTOMy tio ohh He MoryT nepeonpeAejiHTbCH. 

□ CymecTByeT npodjieMa acjxjieKTHBHOCTH. Tim, onpeACAHeMbiii TOJibKO aah nepeonpe- 
AejieHim MeTOAa, noHanpacHy pacxoAyeT HeKOTopoe koahacctbo cucTeMHbix pecyp- 
cob. H Aaace ecjm bh He xothtc nepeonpeAeAATb iioiseACime limaOnNameChanging, 
koa 6a30Boro KAacca no-npeacHCMy Bbi30BeT BiipTyajibHbiii mctoa, KOTopbiii noMimo 
B03BpaTa ynpaBACHim Hiraero 6onbme He A&AaeT. Mctoa ToUpper Bbi3biBaeTCn h tot- 
Aa, KorAa OnNameChanging nojiynaeT AOCTyn k nepeAaHHbiM apryMemaM, h toiaa, 
KorAa He iio.iynacT. 

/(ah pemeHim npodAeMbi nepeonpeAeAemra noBeAeHim moacho 3aAeiiCTBOBaTb na- 
CTimHbie MeTOAbi H3biKa C#. B c.ic/tyiomcM koac aah aocthxkcii n a toh ace ccmahthkh, 
hto h b npeAbiAymeM KOAe, HcnoAb3yiOTCH 'tacni'nibie mctoah: 

// CreHepupoBaHHbiii npn nOMOupn MHCTpyMGHTa nporpaMMHbiii koa 
internal sealed partial class Base { 
private String m_name; 

// 3to o6bnBneHne c onpeAeneHneM MacTniHoro MeTO^a Bbi3biBaeTcs 

// nepefl M3MeHeHineM nonn m_name 

partial void OnNameChanging(String value); 

public String Name { 
get { return m_name; } 
set { 

// HH<|)opMnpoBaHne Knacca o noTeHLpnanbHOM n3MeHeHnn 
OnNameChanging(value.ToUpper()); 
m_name = value; // H3MeHeHne nonn 

} 

} 


// HanncaHHbiii nporpaMiancTOM koa, coAepxamMnca b apytom cfia Pi/ie 
internal sealed partial class Base { 

// 3to o6b«BAeHne c peann3apneii nacTniHoro MeTOAa BbBbiBaeTcn nepeA TeM, 

// KaK 6yAeT n3MeHeHO none m_name 
partial void OnNameChanging(String value) { 
if (String.IsNullOrEmpty(value)) 
throw new ArgumentNullException("value"); 

} 

} 

B 3TOM KOAe eCTb IlCCICO. IblCO MeCT, Ha KOTOpbie HeodxOAHMO OOpaTHTb BHIIMaHIie. 
□ Tenepb icaacc aaiicuaian (xoth sto h He odaaaTCAbiPo). B AeiicTBiiTeAbHOCTH, KViacc 

MOT 6 bl 6 bITb CTaTHHeCKHM KAaCCOM HAH AC 1 ACC 3HaHHMbIM THnOM. 
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□ Koa, creHepHpoBaHHbift nporpaMMOii, 11 koa, HamicaHHbiii nporpaMMHCTOM, Ha caMOM 
AeAe MH./iM iotcs-i abymh 'tacrii'iiibiMii mipcAO.TemuiMH, KOTopwe b kohiic kohijob 06- 
pa 3 yiOT oaho oupcACJieime Tuna (hoapo6hocth cm. b rjiaBe 6). 

□ Koa, creHepHpoBaHHbift nporpaMMOii, npc/tCTaiuMei' co6oii ofrbaii./KTme lacTHmioro 
MeTOAa. 3 tot mctoa iiomc'icii k. iio'icbp,im cjiobom partial h He HMeeT Teiia. 

□ Koa, HamicaHHbiii nporpaMMHCTOM, peajiH3yeT o6bHBJieHiie nacTHHHoro MeTOAa. 3tot 
MeTOA 'laioice iioMC'ien K.Tio'iem>i.\t cjiobom partial h Toace He imeeT Tcvia. 

KorAa Bbi CKOMniiAiipyeTe otot koa, bbi yBiiAHTe to ace caMoe, hto h b npeACTaBJieH- 
hom paHee KOAe. Bojibinoe npeHMymecTBO TaKoro peuieHim aaK.uo'facTca b tom, tio 
bm moxcctc nepe3anycTHTb nporpaMMy h creHepupoBaTb hobhh koa b hobom (jiaiiie, 
a Bam nporpaMMHbiii koa iio-iipexaie.vty ocTaiieiCM HeTpoHyTbiM b OTAC.Tbim.vt (jiaii.ie. 
KpoMe toto, stot noAxoA pa6oTaeT ana ii30JiiipoBaHHbix KJiaccoB, ciaiitaecKTix KJiaccoB 
II SHaHHMblX TIinOB. 

nPMMEHAHME 

B peflaKTope Visual Studio, ecai/i bbgctu partial n HaxaTb npode/i, b OKHe IntelliSense 
noaBaTca 06 'bflB.neHMa Bcex nacTi/iHHbtx mgtoaob B/ioxeHHoro Tuna, KOTopwe noxa He 
HMeiOT cooTBeTCTBnn odbHBJieHi/mM BbinoriHaeMoro HacTi/moro MeTOAa. Bbi nerxo Moxeie 
BbidpaTb HacTMHHbm MeTOA b IntelliSense-OKHe, u Visual Studio creHepupyeT npoTOTHn 
MeTOAa aBTOMaTHnecKM . 3to oneHb yAodHaa rJryHxu.i/ia, noBbiuiaiouj,aa npou3BOAUTenb- 
HOCTb nporpaMMupoBaHua. 


y nacTHHHbix MeTOAOB hmcc'icm eme oaho cepbe3Hoe npeiiMymecTBO. CKaaceM, y Bac 
Tenepb HeT HyacHhi MOAn4>im,npoBaTb noBeAeHiie Tima, creHepiipoBaHHoro iiHCTpyMeH- 
TOM, II MeHHTb (JiailA HCXOAHOTO K0A3. ECJIII npOCTO CKOMnilAIipOBaTb TaKOII KOA, KOM- 
miJiHTop C03AacT IL-koa h MeTaAaHHbie, KaK ec.;iu 6bi creHepupoBaHHbiii nporpaMMOii 
koa BbirAHAeA ciieAyiomiiM o6pa30M: 

// /lornHecKnii axBMBa/ieHT creHepnpoBaHHoro HHCTpyMeHTOM xona b c/iynae, 

// Korfla HeT obbaB/ieHnn Bbino/iHseMoro nacTMHHoro MeTOfla 
internal sealed class Base { 
private String m_name; 

public String Name { 
get { return m_name; } 
set { 

m_name = value; // H3MeHHTe none 

} 

} 

} 

IIpn OTcyTCTBiiii oo'bMii.TCima BbinoAHneMoro nacTmiHoro mctoaa KOMmiAHTop He 
6yAeT reHepiipoBaTb MeTaAaHHbie, npeACTaBJunomiie HacTHHHbiii mctoa. K TOMy ace kom- 
miAHTop He creHepupyeT IL-KOMaHAbi Bbi30Ba uacTiruiom MeTOAa, oh He creHepupyeT 
koa, BbiHiiCAmomiiii apryMeHTbi, KOTopbie hco6xoahmo nepeAaTb '(aci ri'iiiOMy MeTOAy. 
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B npiiBe/ieHHOM npimepe KoMniiAHTop He creHepupyeT koa aah Bbi30Ba MeTOAa ToUpper. 
B pe3yjibTaTe ovact MeHbine MCTa/i,ai 111 bi x h I L-icoaa h npoii3BOAHTeAbHOCTb bo BpeMH 

BbinOJIHeHHH nOBbICHTCJl! 

nPMMEHAHME 

noAo6HbiM o6pa30M nacTMHHbie MeTOAbi pa6oTaK)T c aipnbyTOM System.Diagnostics. 
ConditionalAttribute. Oahsko ohh paboTaiOT TO/ibKO c oahi/im TnnoM, TorAa ksk aTpuSyT 
ConditionalAttribute Moxei 6biTb ncno/ib30BaH p,m Heo6a3aie/ibHoro Bbi30Ba MeTOAOB, 
onpeAeaeHHbix b APyroM Tune. 


ripaBM/ia 14 peKOMeHflaunn 

HecKOJibKO AonojiHHTeubHbix npaBHJi it peKOMen/ianiiii, KacaiomiixcH nacTHHHbix Me- 

■['0/1,0 H. 

□ Maci nniibie mctoa w MoryT o6bHBAHTbCH TO/ibKO BHyTpn nacni'inom K/iacca hjih 
CTpyKTypbi. 

□ HacTiiAHbie MeTOAbi ao.i/ktii.i BcerAa H.viCTh B03BpamaeMbiii Tim void h He MoryT 
HMCTb napa.viCTpoii, iio.vtcieimbix K./iio'ienbiM cjiobom out. 3 th orpaimacima cBH3aHbi 
c TeM, hto bo BpeMH Bbino/iHeHiiH nporpaMMbi MeTOAa He cymecTByeT, h bbi He MoaceTe 
HHHitHaAH3HpoBaTb nepeMeHHyio, B03BpamaeMyio mctoaom, noTOMy hto 3Toro mctoaa 
H e cymecTByeT. IIo toh ate npiPiiiHC i[<‘.ti,.3m ucno. ib.soiiaiT, napaMeTp, no.vtc'ieimbiii 
cjiobom out, noTOMy [ rm uiiane mctoa AOJiaceH 6yAeT HHHii;HaAH3HpoBaTb stot napa¬ 
MeTp, ho 3Toro MeTOAa He cymecTByeT. Maci uaubiii mctoa MoaceT imeTb napaMeTpbi, 
uo.vicnemibie K. iionemaM cjiobom ref, a Taicace yHHBepcajibHbie napaMeTpbi, 3 k.3C.m- 
njmpHbie hah ciaiii'iecKTic, itah Aaace napaMeTpbi, noMeneHHbie KaK unsafe. 

□ EcTecTBeHHO, onpcACAM lomee o6bhbA erate nacTHHHoro mctoaa h ero peaAH3yioiuee 

oflbHIS.T CIIHC AOAatHbl ITMCTb 11 AC 11111 1 [II lilC Cl 1 IT laiyp b[. H o6a AOAatHbl ITMeTb Ha- 
CTpaiiBaiomHecH aTpn6yTbi, npiiMeHHiomiiecH k hum, KorAa KoMniiAHTop o6beAHHaeT 
a'['pi-i6y'[ bi o6oitx mctoaob BMecTe. Bee aipTifiyi bi, i[pu\ieune\ibie k napaMeTpaM, 
Toate ofrbCAuiiM iotc a. 

□ Ecah He cymecTByeT peaAH3yiomero otybi-ib.icnim 'lacTU'inom mctoaa, b BarneM KOAe 
He MoaceT 6biTb nonbiTOK co.3/i,aiiiia AC/icrara, ccia. iaiomeroca Ha 'tacTii'iiibm mctoa. 
3to npHHHHa, no KOTopoit mctoa He cymecTByeT bo BpeMH BbinoAHeraiH nporpaMMbi. 
KoMniiAHTop BbiAacT CAeAyiomee coooiiutiiic (omii6Ka CS0762: He Mory co3AaTb 
AeAeraTaii3 mctoaa ’ Base.OnNameChanging(string) 1 , noTOMy hto stoH acTHHHbiii 
MeTOA 6e3 peaAH3yiomero o6bHBAeraiH): 

"error CS0762: Cannot create delegate from method 

'Base.OnNameChanging(string)' because it is a partial method 
without an implementing declaration 

□ Xoth 'lacTHMiibie MeTOAbi BcerAa C'linaiOTOi 3aKpbiTbiMH, KoMniiAHTop C# 3anpemaeT 
nucATb K.Tio'ieiioc caobo private nepeA o6bHBAeHHeM 'lac'i u'inom mctoaa. 
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B 3toh raaBe paccMOTpeHbi pa3JimiHbie cnoco6bi i iepenan n napaMeTpoB b mcto/i. B hhcjic 
nponero bm y3HaeTe, KaK onpenejiHTb Heo6H3aTejibHbin napaMeTp, aa/tax b napaMeTp no 
iiMemi ii nepe/iaTb ero no ccbuiKe. TaKace paccMOTpeHa npoue/iypa onpe/i,ejieHiiH mctoaob, 
npiiHHMaiomHx paa./iii'iiioe KOJinnecTBO apryMeHTOB. 


Heo6si3aTejTbHbie m mvieHOBam-ibie napaivieTpbi 

IIpn Bbi6ope napaMeTpoB MeTOAa HeKOTopbiM H3 hhx (ii naace bccm) moxho npiiCBaiiBaTb 
3HaneHiin no yMO.;i'iamiio. B peay.ibiaTC b Bbi3biBaiomeM TaKoii mctoa ko/ic mojkho He 
yica3biBaTb 3 th apry.viem m, a npimiiMaTb yace iiMCiomiiecH .siiaacima. KpoMe Toro, npii 
Bbi30Be MC'io/ia cymecTByeT no3MO>KiiocTb yKa3aTb apryMeHTbi, BOcnojib30BaBinncb 
HMeHaMH hx napaMeTpoB. Cjie/iyioinnn koh neMOHCTpnpyeT npiiMeHemie KaK ncooa- 
3aTejibHbix, TaK h HMeHOBaHHbix napaMeTpoB: 

public static class Program { 
private static Int32 s_n = 0; 

private static void M(Int32 x = 9, String s = "A", 

DateTime dt = default(DateTime), Guidguid = new Guid()) { 

Console.WriteLine("x={0}, s={l}, dt={2}, guid={3}", x, s, dt, guid); 

} 

public static void MainQ { 

// 1. AHa/ioruHHO: M(9, "A", default(DateTime), new Guid()); 

M()J 

// 2. AHa/iorusHO: M(8, "X", default(DateTime), new Guid()); 

M(8, "X"); 

// 3. AHa/ioruMHo: M(5, "A", DateTime.Now, Guid.NewGuid()); 

M(5, guid: Guid.NewGuid(), dt: DateTime.Now); 

// 4. AHa/ioruMHO: M(0, "1", default (DateTime), new Guid()); 

M(s_n++, s_n++.ToString()); 

// 5. AHa/ioruHHO: String tl = "2"; Int32 t2 = 3; 

// M(t2, tl, default(DateTime), new Guid()); 

M(s: (s_n++) .ToStringO, x: s_n++); 

} 

} 


IIpiI BbinOJIHeHIIH 3TOTO KO/l,a BblBOAHTCH C.TCVTyKHUnii |)C3y.Tbi aT! 

x=9j s=Aj dt=l/l/0001 12:00:00 AMj guid=00000000-0000-0000-0000-000000000000 
x=8j s=Xj dt=l/l/0001 12:00:00 AM, guid=00000000-0000-0000-0000-000000000000 

npodojiwemie & 

1 B HacTOHmHii MOMeHT b msdn.microsoft.com Hcnojib3yeTCH TepMim «Heo6a3aTejibHwe h HMe- 
HOBaHHbie apryMeHTbi», ho aBTop b aaHHoii KHiire Ha3biBaeT hx «napaMeTpaMH». Mbi pemiuiii 
coxpaHHTb aBTopcKyio TepMHHOJioniio. — IIpuMeu. ped. 
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x=5, s=A, dt=8/16/2012 10:14:25 PM, guid=d24a59da-6009-4aae-9295-839155811309 
x=0, s=l, dt=l/l/0001 12:00:00 AM, guid=00000000-0000-0000-0000-000000000000 
x=3, s=2, dt=l/l/0001 12:00:00 AM, guid=00000000-0000-0000-0000-000000000000 

KaK BH/iHTe, b cjiynae coin npn Bbi30Be Meiona apryMembi OTcyTCTByiOT, KOMmuiHTop 
6epeT hx aiia'icmiM, npennaraeMbie no yMO.Tiauuio. B TpeTbeM h hhtom Bbi30Bax MCTona 
M 3anaHbi UMenoeaHHue napciMempbi (named parameter). H b hbhom BHne nepenan 3Ha- 
ncnnc nepeMCHHOH x h yica3aji, hto xony nepenaib apryMem hjih napaMeipoB guid n dt. 

I Icpc/i,ai:ae.Mi>ic b MCion apryMeHTbi KOMnnjiHTop paccMaipriBaei cjieBa HanpaBO. 
B neTBepTOM Bbi30Be Merana M 3iianc7ine apryMema s_n (0) nepenaeTCH b nepeMeHHyio x, 
3aTeM s_n yi«\/oi'iubaeTCM Ha cnninniy n apry.viem s_n (1) nepcnaciCM KaK CTpoKa 
b napaMeip s. I Iocne nero s_n yiiC./iii'iiii:acTCH no 2. I lepenaua aprv.vieiiTOi: c uo.viombio 
HMeHOBaHHbix napaMeipoB onHTb ace ocymecTBjiHeTCH komiiii. imtopom c. : ici:a HanpaBO. 
B nnTOM Bbi30Be MeTona M .sua'iemie iiapaMeipa s_n (2 ) npeo6pa3yeTCH b CTpoKy n co- 
xpaHHeTCH b coanauuou KOMnujiHTopoM BpeMeHHori nepeMeHHori (tl). Baic.M s_n yBe- 
jnraHBaeTCH no 3, n oto .suaueuue coxpaHHeTCH b eme onuoii co3naHHori icomiiii. ihto|)om 
B peMeHHori nepeMeHHori (t2). I Iocne otoio s_n yi:c.;m l iiii:ac'[CH no 4. B Komie icon hoik 
B bi3bmaeTCH MeTon M, b KOTopbiii nepenaiOTCH nepeMCHHbie t2, tl, nepeMCHHan DateTime 
co 3HaHeHiieM no yMO./i>iamiio h HOBoe ana'ienne Guid. 

ripaBmia ncnojib30BaHMsi napaMeTpoB 

OnpenejiHH MeTon, 3anaromnri nna naciH cbohx napaMeipoB 3HaneHiiH no yMonnaHino, 
cnenyeT pyKOBoncTBOBaTbcn cnenyiomiiMii npaBunaMn: 

□ Biiaaeiiua no y.vton'iamno yKa3biBaiOTCH nan napaMeipoB MeTonoB, KOHCTpyKTopoB 
MeTonoB n iiapaMCTpu'iccKHx cbohctb ( nnneKcaropoB C#). Taioice hx mo /Kuo yKa- 
3biBaTb nnH napaMeipoB, hh.imioiiuixcm uacTbio onpenenemiH neneraTOB. B pe3ynb- 
TaTe npn Bbi30Be SToro Tuna ncncraia apry.vtem i>i mohcho onycKaTb, uciio.ib.3VM hx 
3HaneHiiH no yMoauaiuiio. 

□ IlapaMeTpbi co 3HaHeHiiHMii no yMOJinaHiiio nonacHbi cnenoBaTb 3a bccmii ocianbHbiMii 
napaMCTpaMii. /JpyrriMii cnoBaMii, ecnrr yKa3aH napaMeip co 3HaneHiieM no yMOJinamiK), 
3HaHeHiiH no yMOJinaHino nonacHbi riMCTb h Bee napaMCTpbi, pacnonoaceHHbie cnpaBa ot 
H ero. HanpriMep, ecnn npn onpcncncunH Meiona M ynamiTb 3HaneHHe no yMonnaHiiio 
("A") nan napaMCTpa s, KOMnruiHiop BbinacT coo 6 meHiie 06 omn 6 Ke. CymecTByeT 
TOJibKO onHO HCKmoHemie H3 npaBiui — napaMeip Maccrma, noMeneHHbiH KmoneBbiM 
cjiobom pa cams (o kotopom mm nonpo 6 no noroBopriM nyib no3ace). Oh nonaceH pac- 
nonaraTbCH nocne Bcex npomix napaMeipoB, b tom micne iiMeromiix auaMCiiue no 
yMonnaHHio. Ilpn otom caM MaccriB 3HaneHHH no yMonnaHiiio riMCTb He MoaceT. 

□ Bo BpeMH KOMnHjiHUHH aiia'iemis-i no yMoanaHino nonacHbi ocTanaTbCH HeH3MeHHbiMH. 
To ecTb 3anaBaTb 3HaHeHiiH no yMonnaHHio MoacHO nan napaMeipoB npHMHTHBHbix 
TimoB, uepe'iucjieiiubix b ia6. : i. 5.1 uraBbi 5. Ciona othochtch TaKace ucpcmc.'iu- 
Mbie THnbi h ccbuiOHHbie THnbi, nonycKaiomiie npucBoeHiie .nia'iemiM null. JXjul 
napaMeipoB npo u.'iiso.ibuom auauiiMom run a .■suaMeuue no yMO.i'iauu io 3anaeicn 
KaK aiciCMii. iMp aToro THna c ho.immh, conepacamriMii HyjiH. MoacHO ncnojib30Baib 
KaK K.uo'icboe cjiobo default, TaK h ichomchoc cjiobo new, b o6ohx cnynaHx reHepn- 
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PyCTCH OflHHaKOBblH IL-KOA. C npiIMepaMH 060HX BapiiaHTOB CHHTaKCHCa MbI y>KC 
BCTpeHajiHCb b MeTOAe M npn .aa/iaiwH .ananciwM no yMOJinaHino jsj ih napaMeTpoB dt 
H guid COOTBeTCTBeHHO. 

□ 3anpemaeTCH nepeiiMeHOBbiBaTb napaMeTpnnecKiie nepeMeHHbie, Tax KaK sto isachct 
3a Co6ofi Heo6xOAHMOCTb pC/UlKTIipOliamiM l!bl3P)ll!ai()IHCI'0 KO/Ul, KOTOpblfi Iicpc/tacr 
apryMCHTbi no hmciih napaMeTpa. CKaaceM, ecjra b o6bHBJieHiin mctoas M neperiMe- 
HOBaTb nepeMeHHyio dt b dateTime, to TpeTHH bm 30 b mctoah craHeT iipii'nnioii no- 
HBJieHiin cne/iyiomero coo6meHiia KOMrauniTopa (onni6Ka CS1739 : b noAxoAameH 
neperpyaceHHOHBepcmi 'M' otcvtct uvct ilapaMCxpc n mchcm 'dt'): 

"error CS1739: The best overload for 'M' does not have a parameter 
named 'dt' 

□ I Ipn Bbi30Be MeTop,a H3BHe MOAyAH H3MeHeHiie 3HaneHiiH napaMeTpoB no yMOJinaHino 
HBJiHeTcn iioic'iimia.ibiio onacHbiM. Bbi.sbibaiomaM CTopoHa HcnoAb3yeT .sna'iemie 
no yMO.T'iamno b npon,ecce pa6oTbi. Ecaii H3MemiTb ero n He nepeKOMraunipoBaTb 
koa, coAepacamnii BM30B, b Bbi3biBaeMbiii mctoa 6yAeT nepeAaHO npeacHee 3HaneHiie. 
B KanecTBe HHAHKaTopa iiohcachiim moacho ncnojib30BaTb Piiia'temie no y.vtOA'ianii 10 
0 hah null. B pe3yAbTaTe iictcaaer Heo6xoAHMOCTb noBTopHofi KOMnnAannn KOAa 
BbI3bIBaiOmeH CTOpOHbl. BOT 11J)IT M C] ) I 

//He ae/iatiTe Taio 

private static String MakePath(String filename = "Untitled") { 
return String.Format(@"C:\{0}.txt"j filename); 

} 

// Hcno/ib3yPiTe caeayiomee pemeHne: 

private static String MakePath(String filename = null) { 

// 3flecb npuMeHaeTca onepaTop, noflflepjKHBaiomMfi 
// 3HaHeHne null (??); cm. raaBy 19 

return String.Format(@"C:\{0}.txt'y filename ?? "Untitled"); 

} 

□ /Jah napaMeTpoB, no.viciemibix kajohcbmmh caobamh ref hah out, .sna'iemiM no 
y.vtOA'iami io He 3aAaiOTCJi. 

CymecTByiOT Taioi-cc AonoAHHTeAbHbie npaBima Bbi30Ba mctoaob c HcnoAb30BamieM 

Heo6a3aTeAbHbix hah HMeHOBaHHbix napaMeTpoB: 

□ ApryMeHTbi moacho nepeAaBaTb b npoH3BOAbHOM nopnAKe; ho HMeHOBaHHbie apry¬ 
MeHTbi AOAACHbl 113X0/1,HI'bCA B KOHU,e CnHCKa. 

□ I lepe/piua apryMeHTa no hmchh B03M0ACHa aah napaMeTpoB, He hmcfoiuhx rsuaueniiM 
no yMOAnaHHK), ho npn 3 tom KOMniiAHTopy aoaachm 6biTb nepeAaHbi bcc apryMeHTbi, 
Heo6xOAHMbie AAH KOMHHAAHHH (c yT/a.SailHCM HX n03HHHH HAH HMeHH). 

□ B C# MeACAy 3aiiMTbiMii He MoryT OTcyTCTBOBaTb apryMeHTbi. H i laue roBopa, .aarincb 
M( 1 j j DateT ime . Now) HeAonycTHMa, TaK KaK BeAeT k HeaHTa6eAbH0My KOAy. Hao- 
6bi onycTHTb apryMeHT aah napaMeTpa co ;siia'iemie\i no y.vio.T'iamiio, nepeAaBaHTe 
apryMeHTbi no HMeHaM napaMeTpoB. 

□ Bot KaK nepeAaTb apry.viem no hmchh napaMeTpa, Tpe6yiomero k. iio'ichoi'o CAOBa 
ref/out: 



248 QiaBa 9. flapaMeipbi 


// 06baB/ieHne MeTOfla: 

private static void M(ref Int32 x) { ... } 

// Bbi30B MeTOfla: 

Int32 a = 5; 

M(x: ref a); 


nPMMEHAHME 

CHHTaKcnc Heo6n3aTeribHbix m uivieHOBaHHbix napaMeTpoB b C# BecbMa yAo6eH npu 
Harmcai-mn koas, noAAepxi/maiOLAero obbeicmyio MOAe/ib COM n3 Microsoft Office, 
ripn Bbi30Be COM-KOMnoHeHTOB C# no3BO/iaeT onycKaTb K/noneBbie c/iOBa ref/out 
b npou,ecce nepeAaan apryMeHTOB no ccbmKe. Oto eme 60/ibine ynpoLAaeT koa- Ec/in 
xe COM-KOMnoHeHT He Bbi3biBaeica, Haanane paAOM c apryMeHTOM K/noneBoro caoBa 
ref/out o6a3ateabHO. 


ATpn6yT DefaultParameterValue 
m Heo6n3aTe/ibHbie aTpn6yrbi 

XoTejiocb6 m, < 1x061,1 icoiiHCimiiM ::ia;i,am[bix noy.vioji'iamno iiH eo6a3aTejibHbixapryMCH- 
tob BbixoAHjia 3a npeaejibi C#. Oco6k‘iiiio 3aopobo 6buio 6bi, ecjra 6bi nporpaMMHCTbi 
Morjin oiipe/ic. : iMTi> mcto/[IjI, yKa3biBaioiri,He, icaicnc napaMeTpbi mb.imiotcm Heo6fl3a- 
TejibHbiMH h KaKOBbi /roar> k 11bi 6biTb aa/iamibie no yMO./iaaimio ;iiia<[eima napaMeTpoB 
b pa3Hbix H3biKax nporpaMMupoBamin, aan nonyTHO B03M05KH0CTb Bbi3biBaTb nx H3 
pa3HbIX H3bIKOBbIX cpc/t Ho TaKOe B03M0ACH0 TOJIbKO npil yCAOBIIH, MTO Bbl6paHHbIH 
KOMniiJiHTop no3BOJuieT npn Bbi30Be onycKaTb HeKOTopbie apryMeHTbi, a xaioKe yMeeT 
oiipcae.'iMTb aa/uaiinac no y.vioji'iaimio ;a[a'icima othx apryMeHTOB. 

B C# napaMeTpaM co :sna'iemie\i no yMO.i'iaiinio iiaana'iacTOi nacTpamiacMiaii 
aTpn6yT System. Runtime. InteropServices.OptionalAttribute, coxpaHmomHiicH 
b MeTaAaHHbix HToroBoro 4>aiijia. KpoMe Toro, komiiii./imtop iipuMenncT k napaMeTpy 
aTpn6yT System.Runtime.InteropServices.DefaultParameterValueAttribute, 
onnTb >ice coxpaHHH ero b Mirra/uimibix HToroBoro cjiarma. Ilocjie aero KOHCTpyKTopy 
DefaultParameterValueAttribute nepe^aiOTCH iiocToamibie anaaeima, yKa3aHHbie 
b nepBOHanajibHOM koac. 

B HTore BCTpenan koa, Bbi3biBaFOinirn mctoa, b kotopom He xBaTaeT apryMeHTOB, 
KOMnruiHTop npoBepaeT, hbahiotch aii otii apryMeHTbi iK‘o6a3aiCAbiii,i.vm, 6epeT hx 
3HaneHHH H3 MeTaAaHHbix h aiiTOMaTiinccini BCxaBAHCT b bm30b MeTOAa. 


HeqBHO Tnnn 3 npOBaHHbie 

jiOKajibHbie nepeMeHHbie 


B C# no^ep^KHBaeTCH bo3mo^choctb onpe,a;ejieHHH rana Hcnojib3yeMbix b MeTO^e jio- 
KajibHbix nepeMeHHbix no Tnny ncnojib3yeMoro npn nx HHHunajiH3auHH Bbipa^KeHnn: 
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private static void ImplicitlyTypedLocalVariablesQ { 
var name = "Deff"; 

ShowVariableType(name); // Buboa: System.String 

// var n = null; // Own6i<a 

var x = (String)null; // flonycTHMO, xotb it 6ecno/ie3HO 

ShowVariableType(x); // Buboa: System.String 

var numbers = new Int32[] { 1, 2, 3, 4 }; 

ShowVariableType(numbers); // Buboa: System.Int32[] 

// MeHbWe CMMBOAOB npn BBOfle C/10)KHblX TMnOB 

var collection = new Dictionary<String, Single>() { { "Grant", 4.0f } }; 

// BbiBOfl: System. Collect ions. Generic. Diet ionary' 2 [System. St ring. System. Single] 
ShowVariableType(collection); 
foreach (var item in collection) { 

// BbiBOfl: System. Collections .Generic. KeyValuePair' 2 
[System.String,System.Single] 

ShowVariableType(item); 

} 

} 

private static void ShowVariableType<T>(T t) { 

Console.WriteLine(typeof(T)); 

} 

ITepBaa crpoica Kona MeTOna ImplicitlyTypedLocalVariables bbo/lht HOByio jio- 
k'li. i i>i iv io nepeMeHHyio npii iiomoiiui k. iio'icboio ciiOBa var. l Ito6i>i onpenejinTb ee Tin, 
KOMraiJiHTop CMOTpiiT Ha Tim BbipaaceHim c npaBOH ctopohh ot onepaTopa npHCBaiiBaHim 
(=). TaK KaK "Deff " — axo CTpoKa, komiiii./ihto|) npiiCBaiiBaeT nepeMeHHoii name Tim 
String. t [To6bi noKa3aTb, hto KOMniuiaTop npaBiuibHO onpenejiaeT Tim, a Hamicaji ymi- 
BepcajibHbiii MeTon ShowVariableType. Oh onpenejiaeT Tim cbocto apryMema h bwbo/iht 
ero Ha KOHCOJib. /Jpia npocTOTbi HTeHiia BbiBO/iiiMbie MeTOflOM ShowVariableType 3Haae- 
hiih a no6aBiiji b Biine KOMMCHTapiieB BHyTpb MCTO/ia ImplicitlyTypedLocalVariables. 

Bropaa onepauiia npiiCBaiiBaHiia (3aKOMMeHTiipoBaHHaa) b MeTOne ImplicitlyType¬ 
dLocalVariables bo BpeMa KOMHiijianiiii npimejia 6bi k omn6Ke (omn6Ka CS0815: 
HeB03M0acH0 npiiCBOiiTb 3Haaemie null . ioica. ii>iioii nepeMeHHoii c HeaBHO 3a;i,aiiiibiM 
TiinoM): 

error CS0815: Cannot assign <null> to an implicitly-typed local variable 

/[cjio b tom, tic) .'iiia'ienne null HeaBHO npiiBOUHTca k jno6oMy ccbi.io'iiio.viy Tiiny 
hjih 3 nan ii mo mv Tiiny, /toiiycicaioincMy .inane line null. CooTBeTCTBeHHO, KOMniuiaTop 
He b cocToaHHH o.'uiCKiiia'iiio onpenejiHTb ero Tim. O/uiaico b TpcTbcii onepaiiini npii- 
CBaHBaHHa a noKa3aji, tio HHHii;najiH3HpoBaTb jioKajibHyio nepeMeHHyio c HeaBHO 
aa/pim i i>i m TiinoM aiia'iemiCM null Bce-TaKii moscho, ecaii b hbhom isn/i,e yKa3aTb Tim 
(b mocm npimepe axo Tim String). BnpoaeM, 3to iic caMaa nojie3Haa B03M02KH0CTb, TaK 
KaK, HanucaB String x = null;, bm nojiyanxe tot ace caMbiii pe3yjibTaT. 
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B yeTBepTOM npimepe b nojiHoii Mepe ACMoncTpnpycTCM nojie3HOCTb jioicajibHbix 
nepeMeHHbix ncMisno3a/i,aHHoro THna. BeAb 6c3 3tohbo3moachocth BaM6bi noTpedoBa- 
Jiocb c odeux CTopoH ot onepaTopa npucBaiiBamiH micara DictionarycString, Single>. 
3 to He npocTO yiicvni'iinsacT o6beM nadnpae.vioro TeKCTa, ho ii 3acTaBJiHeTpe/iaKTiipoBaTb 
koa c oochx CTopoH ot onepaTopa npnciianiiauna b cjiyuae, ecjin bm peuiHTe iiomciimtI) 
Tun KOJiJieKH,iiii hjih jiio6oh H3 TimoB o6o6meHHbix napaMeTpoB. 

B HiiKJie foreach h Taicace BOcnojib30BajiCH KjnoueBbiM cjiobom var, 3acTaBiiB 
KOMni-uiHTop aBTOMaTHnecKH onpeAeaHTb ran ojic.viem oH ko./i./ickhiih. 3tot npuMep 
ZieMOHCTpupyeT noju>3y k./iio'ichoio cjiOBa van isnyipn HHCTpyicuHH foreach, using 
h for. KpoMe toto, oho nojie3HO b npopecce SKcnepiiMeHTOB c koaom. K npimepy, 
Bbi HHHUHajiH3HpyeTe jioKanbHyio nepeMeHHyio c iieamio a.aaamibiM thhom, b3hb 3a 
ocHOBy ran iso.iBpamac.vtoro mctoaom aiia'icmia. Ho b oy/iyinc.vi mo>kct noHBHTbCH ne- 
o6xo/i,HMOCTb noMeHHTb Tun mKsnpamae.Moro ana'iemm. B dtom cjiynae KOMniiJiHTop 
aBTOMaTHHecKii onpe/iejiHT, tio ran B03BpamaeMoro mctoaom aua'icnim n.3.viei uracii, 
H H3MCHHT THn JIOKaJIbHOH nepeMCHHOH! K COSCaJieHIIIO, OCTaJIbHOH KOA BHyTpH Me- 

TOAa, padoTaiommi c stoh iiepe.vtcimoii, moxcct nepecTaTb KOMniiAiipoBaTbCH — ecaii 
3tot koa odpamacTOi k 't;ieiia.\i b npeanojioaceHim, tio nepe.Mennaii npiiHa/i,JieacHT 
k CTapoMy Tuny. 

B Microsoft Visual Studio npn naiscACHHii yrcasaTejiH mmhih Ha ic. none hoc cjiobo 
var noHBjiaeTCH licn.ibiiiaiomaii iiOACica.uca c Ha3BaHiieM rana, oiipcACJiiie.vtoro komiih- 
jihtopom. Oyniauno ncamioro 3ajs,amm THna jioKaabHbix nepeMeHHbix b C# c.tcavct 
3a/I,eHCTBOBaTb npn paflOTC C MCTO/UIMII, HCnOJIb3yK>mHMH aHOHHMHbie Til 111)1. Ohii IIOA" 
Po6ho paccMaTpriBaiOT b raaBe 10. 

Tun napaMCTpa .vtCTOAa npn noMomu K.no'tcnoro cjiOBa var odbHBJiHTb ne.ib.m. Be/ib 
KOMnujiHTop 6 v/i,ct onpeAeAHTb ero, ucxo/ui H3 t iti ra apryMeHTOB, nepe/i,abacMP>ix npn 
Bbi30Be Mei o/ta. Bbi30Ba ace MoaceT noo6me He 6biTb hjih ace, naooopoT, hx MoaceT 6biTb 
HecKOJibKO. Aiia./iom>iiio, ue.ab.3ii 06'bMii.TMTb npn no mo mu 3iom ictiotcisoi o cjiOBa ran 
no./m. J\jik TaKoro orpaHimeHim b C# cymecTByeT MHoacecTBO npiraiiH. O; 1,11a 113 hhx — 
B03M0acH0CTb o6pameHim k nojno H3 HecKoabKiix MeTOAOB. Ipynna npoeKTiipoBaHiiH C# 
cuiiTaeT, uto KOHTpaKT (Tim nepeMeHHOii) AoaaceH 6biTb yKa3aH hbho. BTopoii npnunHou 
HBJiaeTCH tot cJiaiCT, mio b aamiOM c./iynae aHOHHMHbie THnbi (oocyac/iacM itc b raaBe 10) 
HauHyT BbixoAiiTb 3a rpaHiiubi OAHoro MeTOAa. 

BHMMAHME 

He nyranTe K/noneBbie caoBa dynamic n var. OSbaBaeHne aoicaabHon nepeMeHHori c kjiio- 
HeBbiM caoBOvarHBaaeica He 6oaeeneM CHHTaKcnaecKnM coKpameHneM, 3acTaBamoiAHM 
KOMnnaaTop onpeAeamrb ran AaHHbix no BbipaxceHnio. flaHHoe KaioseBoe caoBO cayxcm 
ToabKo aba oOtaBaeHna aoKaabHbix nepeMeHHbix BHyipn MeTOAU, b to BpeMa KaK Kaio- 
aeBoe caoBO dynamic ncnoab3yeica Aaa aoxaabHbix nepeMeHHbix, noaen n apryMeHTOB. 
HeB03M0>KH0 npiiBecTn BbipaxeHHe k Tuny var, ho TaKan onepau.na BnoaHe AonycTnMa 
Aaa rana dynamic. llepeMeHHbie, oOtaBaeHHbie c KaioneBbiM caoBOM var, AoaxHbi mhh- 
u,naan3npoBaTbca aBHO, hto He o6a3aieabHO Aaa nepeMeHHbix Tuna dynamic. Boaee 
noAPoOHyio nmiiopMaLi.Hio o AUHaMHnecKOM Tune Bbi HatiAeTe b raaBe 5. 
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nepeAana napaivieTpOB b mgtoa no ccbi/iKe 

IIo yMOJiAamiio CLR npe/inojiaraeT, hto Bee napaMeTpbi MeTOAOB nepe/iaiOTCH no 
3HaneHino. npn ncpc/ta'ic oobeinaccbi./iOMiioro Tnna mcto/iv ncpcvtacioi ccbuiKa (hjih 
yKa.'iaTC./iPi) Ha stot o6beKT. To ecTb mctoa mo>kct uaMcnitU) iicpcAai p 11 i>i ii o6beKT, h.tipmm 
HacocTOHHiie libiaiiiiiaioinci'o laya. Ecjih napaMeTpoM aisjiiictcii 3K3eMnjuip ;siia'tn.Mom 
Tuna, mctoav nepe/iaeTCH ero koipii m. B stom cjiynae mctoa nojiynaeT co6cTBeHHyio 
Konmo o6beKTa, a hcxoahhh 3K3eMnjiHp coxpaHaeTCH i [ 0113 .VT 01 111 i>i ,vt. 

BHMMAHME 

CaeAyeT 3HaTb Tun KaxAoro oSteina, nepeAaBaeMoro MeTOAy b KanecTBe napaMeTpa, 
nocKoabKy MaHnnyanpyioPAnM napaivieTpaMn koa MoaceT cyPAecTBeHHO pa3/inHaTbca b 3a- 
bi/icumoctu ot Tuna napaMeipoB. 


CLR TaKHce no3BOJiaeT iicpcAaisaTi, napaMeTpbi no ccbunce, a He no .sna'peim 10 . B C# 
3to ACJiaciCM c noMombio icno'ieiiijix cjiob out n ref. 06a 3acTaBJiHiOT KOMniuiHTop 
reHepnpoBaTb MCTa/panm.ie, onncbiBaiomHe napaMeTp KaK iicpe/ianiiian no ccbuiKe. 
KoMnnjiHTop Hcnojib3yeT 3 th MCTa,Taiiiii)ie aaa reHepupoBamiH Ko/pa, iiepc/paiomcm 
BMecTO caMoro napaMeTpa ero a;ppec. 

C tohkii 3peHHH CLR, K. iioMeiibie cjiOBa out n ref He paojni'iaiOTca, to ecTb ;p. : m hhx 
reHepupyiOTCH o/pniiaKoiiijiii IL-koa, a MCiaypai 111 bie OTjmnaiOTCH Bcero oahhm 6htom, 
yKa3biBaiomHM, Kaicoe K. iioaciioc cjiobo 6hjio Hcn0Jib30BaH0 npn oobHii.Tenuu .vic'io/pa. 
OAHaKO KOMIIIP.TMTOp C# pa3JIHHaeT 3TH KMIOMCbblC C.TOlia npn Bbl6ope MC'PO/pa, HCnOJIb- 
3yeMoro a am iiHim,iiajiii3ari,HH oobeina, Ha KOTopbiH yica3biBaeT ipepcAaiiiiaa ccbuiKa. 
Ecjih napaMeTp .viCTO/pa iiomcpcii K.iioTCisbi.M cjiobom out, Bbi3biBaiomHH koa moacct He 
HHHH,iiaAii3iipoBaTb ero, noKa He Bbi3BaH caM mctoa. B stom caypac Bbi3BaHHbiii mctoa 
H e MOKeT npoHHTaTb aipa'pciiue napaMeTpa ii aojiacch 3anHcaTb ero, i ipeacAe a cm BepHyTb 
ynpaBJiemie. Ecjih ate napaMeTp iiomcicii k.iiomchijIm cjiobom ref, Bbi3biBaiomHH koa 
AOJ iaceH iiHimiiaAiroipoBaTb ero nepeA bh30bom MeTOAa, a Bbi3BaHHbiii mctoa moacct 
K aK HiiTaTb, TaK h 3anncbiBaTb .sipa'pennc napaMeTpa. 

noBeAeHiieccbijionHbix h aiia'iii.vibix tihiob npn ucno./iKsobaiinii iciio'iemiix cjiois out 
h ref paa.jni'pacTCH .siia'pu pejiiapo. Bot KaK sto m.ii.TM/pu'P' b cjiypae niia'PiPMom Tima: 

public sealed class Program { 
public static void Main() { 

Int32 x; // MHuuna^uaaMun x 

GetVal(out x); // MHMLpua^M3aL|Mn x He o6fi3aTe.nbHa 

Console.WriteLine(x); // BbiBOflMTca 10 

} 

private static void GetVal(out Int32 v) { 

v = 10; // 3 tot MeTOfl AO/i>KeH MHULpna/iM3MpoBaTb nepeMeHHyio V 

} 

} 
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3/i,ecb nepeMCHHaa x oObHBJieHa b ctckc Main, a ee anpec nepenaeTca MeTOny GetVal. 
IlapaMeTp stoto mcio/ui v npc/iynaiuineT co6oh yKa.aaTC./u, Ha aua'iiiMbin run Int32. 
BHyTpn Mcro/ta GetVal aua'iemic THna Int32, Ha KOTopoe yKa3bmaeT v, iiaMeiiaeica 
Ha 10. M.vieim o 3to a name line m.iiso/tm cM Ha KOHCOJib, Korna mcto/i, GetVal noanpamacT 
ynpaBJieHiie. Hcnojib30BaHiie K. iio'ienoro caona out co auanniMbiMii THnaMH noBbimaeT 
3(J)cj)eKTHBH0CTb Kona, TaK KaK 11])c/[,0'[ i11Laiei’ KonupoBaHiie .aicucMu.nnpubix non eft 
3HaaHMoro Tuna npn Bbi30Bax mctoaob. 

A Tenepb paccMOTpHM aa ra.ror ii m 1 1 in ii npiiMcp c K.noneiibiM cjiobom ref: 

public sealed class Program { 
public static void MainQ { 

Int32 x = 5; // HHMuna/in3aunfl x 

AddVal(ref x); // x Tpe6yeTca nHnuna/in3npoBaTb 

Console.WriteLine(x); // BbiBOflMTca 15 

} 

private static void AddVal(ref Int32 v) { 

v += 10; // 3 tot MeTOfl MOxeT ncno/ib30BaTb MHMLina/in3npoBaHHbiM napaMeTp v 

} 

} 

3/i,cci> oObHBJieHHofi b ctcicc Main nepeMeHHofi x npiiCBaiiBaeTCH HanajibHoe an ano¬ 
mie 5. 3aTeM ee anpec nepenaeTca MeTony AddVal, napaMeTp v KOToporo npencTaBjiaeT 
co6ofi yKa3aTejib Ha 3HanHMbift Tim Int32 b CTeice Main. BHyTpn MeTona AddVal hojdkho 
6biTb v>kc HHHH,iiajiH3HpoBaHHoe aua'ieunc THna Int32, Ha KOTopoe yKa3biBaeT napa¬ 
MeTp v. TaKHM o6pa30M, mcto/i AddVal MoaceT iicnojib30BaTb nepBOHanajibHoe 3HaneHHe v 
b jiio6om BbipaaceHHii. Oh MoaceT MCHHTb 3 to 3HaneHHe, B03Bpaman Bbi3biBaiomeMy Koay 
HOBbiii BapnaHT. B paccMaTpimaeMOM npimepe MeTon AddVal npnOaBJiaeT k HcxoflHOMy 
3HaneHHio 10. Cootbctctbchho, Korna oh B03BpamaeT ynpaBjicmie, nepeMCHHaa x MeTona 
Main conepacHT anancHHC 15, KOTopoe h isi.iho/uitcm Ha Konco.ni>. 

B 3aBepmeHiie otmcthm, mo c tohkii apemia IL hjih CLR K. iio'icisinc caoBa out 
h ref nini cm hc paacumiaiOTcn: o6a 3acTan. : iHiOT nepenaTb yKaaaTe.Mb Ha3K3eMnjiap o6b- 
eKTa. Pa3HHH,a b tom, hto ohii noMoraiOT KOMuiiciHTopy rapaHTiipoBaTb KoppeKTHOCTb 
Kona. B cjienyiomeM Kone nonbiTKa nepenaTb MeTOAy, oacnnaiomeMy napaMeTp ref, He- 
HHHH,HajiH3HpoBaHHoe ana'iemne npiiBO/iHT k omiifiKC KOMnHjiapHH (oiniiOKa CS0165: 
Hcnojib30BaHiie jioicajibHoft nepeMeHHofi x, y KOTopofi He aa.iauo aua'ieunc): 

error CS0165: Use of unassigned local variable ’x’ 

A bot caM (jipar.McuT Kona, Bbi3biBaK>miift 3 to coofiinenuc: 

public sealed class Program { 
public static void MainQ { 

Int32 x; // x He nHHMMa/iM3inpyeTCH 

// Caeflymman CTpoxa He KOMnHanipyeTCfl, a BbiBOflMTca coo6meHne: 

// error CS0165: Use of unassigned local variable ’x’ 

AddVal(ref x); 

Console.WriteLine(x); 

} 

private static void AddVal(ref Int32 v) { 
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V += 10; // 3TOT MeTOfl M0>K6T MCn0/lb30BaTb MHMLlHa/1M3MpOBaHHblM napaMeTp V 

} 

} 


BHMMAHME 

MeHn nacTO cnpawnBaiOT, noneMy npn Bbi30Bax mgtoaob b nporpaMMax Ha C# hbao b hbhom 
BMA e yKa3biBaib K/noneBbie c/iOBa out nan ref. B KOHu,e kohlj,ob, xoMnn/inTop b cocTOHHnn 
caMOCToaieabHO onpeAeanTb, xaxoe n3 KinoneBbixcaoB eMyTpe6yeTca, a3HannT, AonxeH 
KoppeKTHO KOMnnanpoBaTb koa- OAHaKO pa3pa6oTHnxn C# cohjw, hto Bbi3biBaiOLAnn koa 
A oaxeH hbho yKa3biBaib CBon HawiepeHna, HTo6bi npn Bbi30Be MeTOAa cpa3y 6biao hcho, 
hto otot MeTOA AoaxeH MeHHTb 3HaneHne nepeAaBaeMon nepeMeHHon. 

KpoMe toto, CLR no3BO/ineT no-pa3HOMy neperpyxaTb MeTOAbi b 3aBncnMOcm ot 
B bi6opa napaMeTpa out nan ref. HanpnMep, caeAyrouinn koa ua C# BnoaHe AonycmM 
n npexpacHO xoMnn/inpyeTca: 

public sealed class Point { 

static void Add(Point p) { ... } 
static void Add(ref Point p) { ... } 

} 

He AonycKaeica neperpyxaib MeTOAbi, OTannaiOLuneca ToabKO TnnoM napaMeTpoB (out 
nan ref), Tax xax pe3yabTaT0M nx JIT-xoMnnaaiinn CTaHOBmca uAeHTnHHbin koa Meia- 
AaHHbix, npeACTaBaaiouinx cnrHaiypy MeTOAOB. noaTOMy b noxa3aHHOM paHee Tnne Point 
a He Mory onpeAeanTb bot Taxon ivieTOA: 

static void Add(out Point p) { ... } 

I1pn nonbiTxe BxaiOHnTb Taxon MeTOA b Tnn Point xoMnnaaTop C# BepHeT ornnOxy (omnQxa 
CS0663: b 'Add' Heab3a onpeAeanTb neperpyxeHHbix mgtoaob, OT/inHHbix ot ref n out): 

ennon CS0663: 'Add' cannot define overloaded methods that differ only 
on ref and out 

Co 3 HHAiiMbiMir TimaMH kviiohch me ciiOBa out h ref AaiOT tot ate pe3yjibraT, TIO 
h nepeAana ccbuionHoro THna no 3HaneHHio. Ohh no3BOJiHK)T MeTOAy ynpaBJiHTb 
eAIIHCTBeHHblM .TICSCM II.THpOM .'iliaHHMOm THna. Bbl.3blliaiOI[[nii KOA AOJiateH BblAejIHTb 
naMHTb A AH 3TOTO OICieMILTHpa, a BbI3BaHHbIH MeTOA yiipaii.TMCT ISblACVKTIIlOH naMHTblO. 
B ciiynae ccbuionHbix THnoB isbiabmaioimiii koa nbi/icaac r naMHTb aah yKaaaTC.TM Ha 
ilepcAanaeM bi ii o6beKT, a Bhi3BaHHbiH koa ynpaBJineT othm yKa3aTejieM. B cn.'iy stiix 
oco6eHHOCTen Hcnojib30Bamie it. iio'iciibix c.tois out h ref co ccbuionHbiMH TimaMH no- 
jie3HO, jninib KorAa mctoa co6npaeTCH «BepHyTb» ccbuiKy Ha H3BecTHbifi eMy o6beKT. 
PaccMOTpiiM .tto Ha npimepe: 

using System; 
using System.10; 

public sealed class Program { 
public static void Main() { 

FileStream fs; // 06bexT fs He nHnuna^M3MpoBaH 

// nepBbikt 4>aPi/i OTxpbiBaeTca ri in o6pa6oTxn 

npodojiMenue & 
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StartProcessingFiles(out fs); 

// npoflo/DKaeMj noKa ocTaiOTca 4>aM/ibi a/ib o6pa6oTKin 
for (; fs != null; ContinueProcessingFiles(ref fs)) { 

// 06pa6oTKa 4>aPi/ia 
fs.Read(...); 

} 


private static void StartProcessingFiles(out FileStream fs) { 
fs = new FileStream(...); // b btom MeToae o6beKT fs 

// AOAXeH MHULlUa/lM3MpOBaTbCfl 


} 


private static void ContinueProcessingFiles(ref FileStream fs) { 
fs.Close(); // 3aKpbiTne noc/ieflHero o6pa6aTbiBaeMoro <j>aM/ia 


// OTKpbiTb c/ieflymmuii 4>aFi/i innn BepHyTb null, ecAM ^aii^oB 6o/ibwe HeT 
if (noMoreFilesToProcess) fs = null; 
else fs = new FileStream (...); 

} 

} 

KaK BHUHTe, t.'iamiaa oco6eHHOCTb 3Toro Kona b tom, tio mcto/fm c napaMeTpaMH 
CGbUIOH 1 [() 10 Tima, 1 1 0 .VTCMCI [![]>[ M [1 KVIFO'K'Bbl.MH CJIOBaMH Out HJIH ref, CO.'XiaiOT o6bCKT 
h B03Bpamai0T Bbi3biBaiomeMy Kony yKa3aTejib Ha Hero. 06paTHTe BHHMaHHe, hto mctoa 
ContinueProcessingFiles moscct ynpaBJiHTb nepenaBaeMbiM eMy o6beKTOM, npescue 
neM BepHeT hobmh o6beKT. 3 to bo3mo»cho 6jiaronapa TOMy, tio ero napaMeTp iiomcicii 
KJHOH eBblM CJIOBOM ref. Il0Ka3aHHbIH 3/teCI, KOH MO/KTIO HeMHOrO ynpOCTHTb: 

using System; 
using System.10; 

public sealed class Program { 
public static void Main() { 

FileStream fs = null; // 06fl3aTe/ibHoe npucBoeHne 
// Hana/ibHoro 3HaHeHMs null 


// OTKpbiTue nepBoro <j)aiina rj ib o6pa6oTKM 
ProcessFiles(ref fs); 

// npoflo/DKaeM, noKa ocTaKuca Heo6pa6oTaHHbie ijjaiinbi 
for (; fs != null; ProcessFiles(ref fs)) { 

// 06pa6oTKa 4>aPt/ia 
fs.Read(...); 

} 

} 

private static void ProcessFiles(ref FileStream fs) { 
// Ecam npeflbiflymnii <f>a tin oncpbiT, 3aKpbiBaeM ero 
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if (fs != null) fs.CloseQ; // 3aKpbiTb nocneAHMM 06 pa 6 aTbiBaeMbiM <|)aii/i 

// OTKpbiTb c^eflyiomnii 4>aMA mam BepHyTb null, ecAM 4>aCi/iOB 6oAbwe HeT 
if (noMoneFilesToProcess) fs = null; 
else fs = new FileStneam (...); 

} 


Eme o/uiii npiiMep, /icmoi scipn])yioni h ii Hcnojib30BaHtie k. iiomcboio ciiOBa ref a.th 
pcajiw.aanFTiT MeTona, .vtenaiomero MecTaMH nea ccbuioaHbix THna: 

public static void Swap(ref Object a, nef Object b) { 

Object t = b; 
b = a; 
a = t; 

} 

KaaceTca, hto koa, mciiaiothhh MecTaMH ccbiAKH Ha ab a o6beKTa THna String, aoa- 

ACCH BblTAHAeTb TAIC 

public static void SomeMethod() { 

String si = "Jeffrey"; 

String s2 = "Richter"; 

Swap(ref si, ref s2); 

Console.WriteLine(sl); // Bnboamt "Richter" 

Console.WriteLine(s2); // Bnboamt "Jeffrey" 

} 

OAHaKO KOMmiJiiipoBaTbCH 3 tot koa He 6 vact: BeAb nepeMeHHbie, nepeAaBaeMbie 
MeTOAy no ccbuiKe, aoaachm 6biTb OAHoro Tiina, o6'i)Mii./icimom b ciiraaType MeTOAa. 
Miiaae roBopa, mctoa Swap okhahct iiojiyiiiTP) ccbuiKii Ha ran Object, a He Ha ran 
String. PemeHiie ace HameH 3aAaaH BbiraaAHT caeAyiomHM o6pa30M: 

public static void SomeMethod() { 

String si = "Jeffrey"; 

String s2 = "Richter"; 

// Tun nepeflaBaeMbix no ccbmxe nepeMeHHbix aoajkbh 
// COOTBeTCTBOBaTb OWHflaeMOMy 

Object ol = si, o2 = s2; 

Swap(ref ol, ref o2); 

// npuBeAeHMe o6beKTOB k CTpOKOBOMy TMny 
si = (String) ol; 
s2 = (String) o2; 

Console.WriteLine(sl); // Bnboamt "Richter" 

Console.WriteLine(s2); // Bnboamt "Jeffrey" 

} 

Taicaa Bepcna MeTOAa SomeMethod 6yAeT KOMmiAiipoBaTbca h pa6oTaTb HyacHbiM 
HaM o6pa30M. I Ipii'iiiiioii oipainricmiM, Kotopoe HaM npunuiocb o6xoahtb, aBJiaeica 
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oocciiCK'iiiic 6e3onacHOCTH ranoB. Bot npinviep ico/ta, Hapymaiomero 6e3onacHOCTb 
thiiob (k ctacTbio, oh He KOMniuiiipyeTCJi): 

internal sealed class SomeType { 
public Int32 m_val; 

} 

public sealed class Program { 
public static void Main() { 

SomeType st; 

// Oieflywman CTpoKa BbiaaeT own6Ky CS1503: Argument '1': 

// cannot convert from 'ref SomeType' to 'ref object'. 

GetAnObject(out st); 

Console.WriteLine(st.m_val); 

} 

private static void GetAnObject(out Object o) { 
o = new String('X’, 100); 

} 

} 

CoBepmeHHO hcho, hto 3 /i,ecb mctoh Main oacHnaeT ot MeTOna GetAnObject o 6 beKT 
SomeType. O/piaico nocKOJibKy b cuniaTypc GetAnObject aa/unia ccbunca Ha Object, 
MeTOn GetAnObject MoaceT HHim,iiajiii3iipoBaTb napaMeTp o o 6 beKTOM npoii3BOJibHoro 
rana. B 3tom npiiMepe i lapaMCxp st b momciit, Korna mcto/p, GetAnObject B 03 BpamaeT 
ynpaBJieHiie mctoav Main, ccbuiaeTca Ha o 6 beKT rana String, b to BpeMH KaK oacHna- 
ctcti ran SomeType. CooTBeTCTBeHHO, bh30b mcto/pi Console .WniteLine .iaKOiiMnica 
neyaaneii. BnponeM, KOMmuraTop C# OTKaaceTcn KOMmumpoBaTb 3tot koa, TaK KaK st 
npencTaBjiaeT co6oh ccbuiKy Ha o 6 beKT rana SomeType, Torna KaK mctoa GetAnObject 
Tpe 6 yeT ccbuiKy Ha Object. 

OnHaKo, KaK oKa 3 ajiocb, oth MeTOAbi moxho 3 acTaBiiTb pa 6 oTaTb npn noMomii 0606 - 
meHHH. Bot TaK c.tcavct ncnpaBHTb noKa3aHHbiii paHee mctoa Swap: 

public static void Swap<T>(ref T a, ref T b) { 

T t = b; 
b = a; 
a = t; 

} 

Ilocjie 3toto cjienyiomHH koa (iiAeHraHHbiii paHee noKa3aHHOMy) 6yjs,er 6e3 npo6jieM 

KOMnilJIIipOBaTbCH H BbmOJIHHTbCJi: 

public static void SomeMethod() { 

String si = "Jeffrey"; 

String s2 = "Richter"; 

Swap(ref si, ref s2); 

Console.WriteLine(sl); // BbiBoaniT "Richter" 

Console.WriteLine(s2); // BbiBoanT "Jeffrey" 

} 
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3a /ppyniMH npimepaMii pcmcmia, Hcnojib3yiomiiMH oooomomiH, o6pairpaHTecb k 
KJ iaccy System. Threading. Interlocked c ero MeTO/paMH CompareExchange h Exchange. 


nepeAana nepeMeHHoro KO/wHecTBa 
apryMeHTOB 

HHor/pa pa3pa6oTHHxy y/i,o6HO onpe/iejiHTb mcto/i,, cnoco6Hbiii npHHHMaTb nepeMCHHoe 
hhcjio napaMeTpoB. Hanpimep, run System.String npe/p/iaraeT MCTO/pia, iiiiIiio.iiihio- 
innc o6be/i,iiHeHiie npoH3BO/ibHoro 'inc/ia CTpoK, a 'raioicc mcto/pm, npn Bbi30Be kotopmx 
mo/kho 3a/i,aTb Ha6op e/i,HHOo6pa3HO tjiopMaTHpyeMbix ctpok. 

Mcto/i,, npHHHMaiomHH nepeMeHHoe hhcjio apryMeHTOB, o6bHB/imoT Tax: 

static Int32 Add(params Int32[] values) { 

// nPMMEHAHME: npn Heo 6 xoflMMOCTn btot MaccuB 
// mopkho nepeflaTb apyrniM MeTOflaM 

Int32 sum = 0; 
if (values != null) { 

for (Int32 x = 0; x < values.Length; x++) 
sum += values[x]; 

} 

return sum; 

} 


He3HaKOMbiM b 3 tom Mera/pe aBJiHeTCH TO/ibKO x/noneBoe cjiobo params, npiiMeHeHHoe 
k iioc.TC/nic.viy napaMeTpy b cnrnaTypc Mcro/pa. Ecjih He o6pairpaTb Ha Hero mm Mann a, 
CTaHeT hcho, hto mcto/i, npiimiMaeT MaccuB aiia'iennn Tima Int32, cx/ia/pbreaeT Bee 
,').TCMcmT>i 3Toro MacciiBa h B 03BpamaeT no/iyiemivKi cyMMy. 

O'iemi/1,110, 3TOT MCTO/I MO/KTIO BbI3BaTb TaXI 

public static void Main() { 

// BblBOflklT "15" 

Console.WriteLine(Add(new Int32[] { 1, 2, 3, 4, 5 } )); 

} 

He Bbi3biBaeT comhchiih y'nscp>ic/i,<Tmc, 'no .stot MaccuB /ierKO HHHiiHajiH3HpoBaTb 

npOH3BO/IbHbIM HHCJIOM O.TCMCIITOIP H IICpC/iaTh o6pa6oTKH MCTO/iy Add. H0Xa3aH~ 
HblH 3/PCCb KO/P HeMHOrO IICVK. lIO>K, XOTfl OH KOppeKTHO KOMIII1.TlipyCTCTI H pa6oTaeT. 

Pa/spaooT'inim, i/onc'ino, npe/pno'i.Tii 6bi Bbi3biBaTb mcto/i, Add Tax: 

public static void Main() { 

// BblBOflklT "15" 

Console.WriteLine(Add(lj 2, 3, 4, 5)); 

} 

TaxaacjiopMaBbi30BaB03M0/XHa6/iaro/i,apHx/noneBOMy c/iOBy params. Hmchho oho 
aacTaii/mcT xoMnn/uiTop paccMaTpiiBaTb napaMeTp xax 3X3eMn/uip HacTpaiiBaeMoro 
aTpn6yTa System.ParamArrayAttribute. 
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Ooiiapy'/Kiiii TaKOH bh30b, komiiii;imto|) C# npoBepaeT bcc mctoah c .'sa/painibiM i-iMe- 
HeM, y KOTopbix hh 0,11111 H3 napaMeTpoB He iiomcpch aTpH6yTOM ParamArray. Ha hah 
mctoa, cnoco6HbiH npiiHHTb bm30b, ico.m 11 ii.t mop reHepupyeT isi)[3»i)iisaiomn ii ero koa. 
B npoTHBHOM cjiynae iimyTCH MeTOAbi c aTpH6yTOM ParamArray h npoBepaeTCH, MoryT 
jih ohh npiiHHTb Bbi30B. Ecah KOMrouiHTop HaxoAHT noAXOAHmiiii mctoa, to npeacAe HCM 
creHepiipoBaTb koa ero Bbi30Ba, oh reHepupyeT koa, co3AaioiiuiH h 3anoAH5nomiiH MacciiB. 

B npeAbwymeM Iipn.vicpc He onpeAeAeH mctoa Add, npHHHMaiomHH iimtp> cobmccth- 
Mbix c Ti-inoM Int32 apiy.viemoi;. KoMmiAHTop ace biiaiit b tckctc iicxoAHoro koah bm30b 
MeTOAa Add, KOTopoMy nepeAaeTCH craicoK 3HaneHHH Int32, h mctoa Add, y KOToporo 
MacciiB THna Int32 iiomcpcii aipnoyiOM ParamArray. Komipiltmtop cm pit act /paiiiiijiii 
MeTOA noAxoAHuiiiM aah Bbi30Ba h reHepupyeT koa, co6npaiomiiH see napaMeTpbi b Mac¬ 
ciiB THna Int32 h is iii.iiai na iopp i pi ii mctoa Add. B icoiic'ihom HTore noAynaeTGH, mto moacho 
HaniicaTb bm30b, 6e3 TpyAa nepeAaiomiiH MeTOAy Add Ha6op napaMeTpoB, h KOMmijia- 
Top creHepiipyeT tot ace koa, mto h aah nepBoii Bepciin Bbi30Ba MeTOAa Add, b KOTopofi 
MacciiB co3AaeTcn h iiHiin,iiajiii3iipyeTCH aiiiio. 

K.no'ieisiiiM caobom pa rams MoaceT 6 biTb iio.victcii toabko nocAeAHim napaMeTp 
MeTOAa (ParamArrayAttribute). Oh AOAaceH yKa 3 biBaTb HaOAHOMepHbiii MacciiB npo- 
H 3 BOAbHoro THna. B nocAeAHeM napaMeTpe MeTOAa AonycTHMO nepeAaBaTb 31 pci'iei 1 n<‘ 
null HAH CCblAKy Ha MaCCHB, COCTOMinilii IT 3 HyAH . 9 ACMCIPT OIL CAeAyiOIAHH BbI 30 B Me¬ 
TOAa Add npeKpacHO KOMniiAiipyeTCH, otaiimho pa 6 oTaeT h AaeT b pe 3 yAbTaTe cyMMy, 
paBHyio 0 (KaK h oacHAaAOCb): 


public static void Main() { 

// 06e CTpOMKM BblBOflflT "0" 

Console.WriteLine(Add()); 
Console.WriteLine(Add(null)); 


} 


// nepeflaeT HOBbin 3/ieMeHT Int32[0] MeToay Add 
// nepenaeT weTOfly Add 3HaneHne null, 

// mto 6onee acjxjieKTiiBHO (He Bbifle/ineTcn 
// naMfiTb nofl MacciiB) 


Bee noKa3aHHbie ao chx nop npiiMepbi AeMOHCTpiipoBaAii mctoapa. npHHHMaiomHe 
npoii3BOAbHoe KOAimecTBO napaMeTpoB THna Int32. A KaK HaniicaTb mctoa, npiiHHMa- 
Kimiiii npoii3BOAbHoe KOAimecTBO napaMeTpoB Aio6oro Tima? Otbct npocT: AOCTaTOMHO 
OTpeAaKTiipoBaTb npoTOTim MeTOAa, 3acTaBHB ero bmccto Int32[ ] npHHHMaTb Object[ ]. 
CAeAyioiAHH mctoa bmboaht sipa'ieiiiiM Type Bcex nepeAaHHbix eMy o6beKTOB: 

public sealed class Program { 
public static void Main() { 

DisplayTypes(new ObjectQ, new Random(), "left", 5); 

} 


private static void DisplayTypes(params Object[] objects) { 
if (objects != null) { 

foreach (Object o in objects) 

Console.WriteLine(o.GetType()); 

} 

} 

} 



Trnibi napawieipoB n B03Bpaiii,aeMbix 3HaHeHMM 


259 


IIpii BbinojiHeHim 3Toro Ko;i,a 6 v/i,ct BbiBe/teii c;ic/i,yioiuni ; i pe3yjibraT: 

System.Object 
System.Random 
System.String 
System.Int32 


BHUMAHME 


Bbi30B MeTOfla, npnHUMaromero nepeMeHHoe nncno apryMeHTOB, CHnxaeT npon3BOAn- 
TeribHOCTb, ecni/i, kohghho, He nepeflaBaib b abhom BUfle 3HaneHMe null. B jik>6om c/iynae 
BceM o6teKTaM Macctma hy>kho BbiAenmb Mecio b icyne n nHniinann3npoBaTb3.neMeHTbi 
MaccnBa, a no 3aBepujeHnn pa6o™ 3aHman MaccHBOM narvinTb Aonxma 6biTb onniAeHa 
c6opLAHKOM Mycopa. HTo6bi yMeHbiiiMTb HeraTi/iBHoe B/innHne sthx onepapnM Ha npo- 
M3BOAHTenbHOCTb, mo>kho onpeAennTb HecKOtibKO neperpyxceHHbix mgtoaob, b KOTopbix 
He ncnojib3yeTCH KinoneBoe c/iobo params. 3a npmviepaMH o6pa™iecb k MeTOAy Concat 
Knacca System.String, Kotopbm neperpyxeH cneAyioiAHM o6pa30M: 


public sealed class String : Object, 
public static string Concat(object 
public static string Concat(object 
public static string Concat(object 
public static string Concat(params 


... { 
argO)j 

arg0, object argl); 
arg@, object argl, object 
object[] args); 


arg2); 


public static 
public static 
public static 
str3); 

public static 

} 


string Concat(string 
string Concat(string 
string Concat(string 

string Concat(params 


str@, string strl); 

str@, string strl, string str2) 

str@, string strl, string str2, 

string[] values); 


string 


Kai< BiiAMTe, Ann MeTOAa Concat onpeAeneHbi HecxoribKO BapnaHTOB neperpy3Kn, b ko- 
Topbix K/noneBoe cnoBO params He mcnonb3yeTcn. 3Aecb npeAdaBneHbi HamSonee pac- 
npodpaHeHHbie BapnaHTbi neperpy3KM, KOTopwe, coOdBeHHO, n npeAHa3HaneHbi Ann 
noBbiujeHMs acfxjDeKTMBHOCTM pa6o™ b ciaHAapTHbix cmyaiinnx. BapnaHTbi neperpy3Kn 
c KnioneBbiM c/iobom params npeAHa3HaneHbi Ann 6onee peAKnx cnTyau,nM, nocKonbxy 
npm 3tom CTpaAaei npon3BOAmenbHOCTb. K ciacTbio, TaKi/ie cmyaiinn B03HHKaiOT He 
TaKyxnacTO. 


Tnnbi napaivieTpOB 
m B03BpaiuaeMbix 3HaHem/m 

06bABJiaa Tim napaMOTpoB MeTO/ta, HyacHO no bo3moikhoctii yKa3biBaTb <<MiiHiiMajibHbie» 
Timbi, npennomiTaa iiHTepcjieiicbi 6a30BbiM KJiaccaM. HanpiiMep, npii Hanwcaimii Mero/ta, 
pa6oTaiomero c Ha6opoM ojicmchtob, jiynme bccto o6bHBiiTb napaMeTp mcto/ia, iicnoiib- 
3ya mrrepfjieiic IEnumerable<T> bmccto ciuibHoro Tima .tannnix, Hanpimep List<T>, 
hjih eme 6ojiee ciuibHoro iiiricjirjiCHCiioro Tima ICollection<T> iijih IList<T>: 
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// PeKOMeHflyeTca b btom MeTO/ie ncno.nb30BaTb napaMeTp c/ia6oro Tuna 
public void ManipulateItems<T>(IEnumerable<T> collection) { ... } 

// He peKOMeHflyeTcn b btom MeTOfle ncnonb30BaTb napaMeTp cn/ibHoro Tuna 
public void ManipulateItems<T>(List<T> collection) { ... } 

I Ip 11 Mima, icoiicmiio ace, b tom, mio nepBbiii mcto;i Moaoio Bbi3biBaTb, i icpe/iyui b Hero 
MacciiB, o6beKT List<T>, o6beKT String h t. n., to ecTb jno6oii o6beKT, ran KOToporo 
peajra3yeT Hirrepcjieiic IEnumerable<T>. BTopoii mctoh npiiHiiMaeT TOJibKO o6beKTbi 
List<T>, c MaccHB aMH hjih o6beKTaMH String oh pa6oTaTb yace He mo>kct. He no, [ ito 
nepBbiii mcto/i, npennonraTejibHee, TaK KaK oh ni6’ic h mo>icct Hcnojib30BaTbcn b oo.tcc 
pa3Hoo6pa3Hbix CHTyan,HHX. 

EcTecTBeHHO, npn coa/uui hH MC'io/ia, i[o.Ty'iaioiucro cmicoK (a He npocTO .11060 ii 
Ilepe'f I1C..THMP>l ii o6beKT), IIV'/KTIO o6bHBJIHTb THn Ilapa.VICTpa KaK I List<T>, B TO BpeMH 
KaK Tuna List<T> jiynme H36eraTb. H.vicmio TaKOii iio/ixo/i, iio 3 bo.tiit Bbi3biBaioriieMy 
Kony iiepe/pusan, MaccriBbi h apyriie o6beKTbi, thii kotophx peaemaycT IList<T>. 

06paTHTe BHHMaHHe, tio b npiiBOUHMbix npimepax pen, h/i,ct o kojijicku;hmx, co 3- 
TiaHHbix c Hcnojib30BaHiieM apxHTeKTypbi HHTep4>eiicoB. 3 tot ace nouxoa npiiMeHiiM 
k KaaccaM, oraipaiOHiHMCH Ha apxHTeKTypy 6a30Bbix KJiaccoB. IIoTOMy, k npimepy, npn 
peajiH3an,HH MeTOna, o6pa6aTbiBaiomero 6aiiTbi H3 noTOKa, numeM cjienyiomee: 

// PeKOMeHflyeTcn b 3tom MeTOfle ncnonb30BaTb napaMeTp Mancoro Tuna 
public void ProcessBytes(Stream someStream) { ... } 

// He peKOMeHflyeTca b 3tom MeTOfle ncnonb30BaTb napaMeTp cn/ibHoro Tuna 
public void ProcessBytes(FileStream fileStream) { ... } 

nepBbiii MeToa, MoaceT o6pa6aTbiBaTb 6aiiTbi H3 noTOKa jno6oro Buna: FileStream, 
NetworkStream, MemoryStream h t. n. BTopoii no/wepaciiBaeT TOJibKO FileStream, 
to ecTb od/iacTP, ero iipii.YieiiemiH orpaHiineHa. 

B to ace BpeMH, o6bHBjiHH ran B03Bpam,aeMoro mctoaom o6beKTa, acejiaTejibHO 
Bbl6lipaTb CaMblH CHJIbHblH H3 /[.OCTyil 111,1 X BapiiaHTOB (11 blTaHCb He OrpaHHHIIBaTbCH 
KOHKperabiM THnoM). Hanpimep, jiynme o6 i,ei u. p ein i, mcto/i,, B03BpamaiomHH o6beKT 
FileStream, a He Stream: 

// PeKOMeHflyeTca b 3tom MeTOfle ncnonb30BaTb 
// cnnbHbin Tnn B03BpamaeMOro o6beKTa 
public FileStream OpenFile() { ... } 

// He peKOMeHflyeTca b btom MeTOfle ncnonb30BaTb 
// c/ia6biii Tun B03BpamaeMoro o6beKTa 
public Stream OpenFile() { ... } 

3a,ecb npennoHTHTejibHee nepBbiii moto/i,, TaK KaK oh no3BoaaeT Bbi3biBaiomeMy KOfly 
o6pamaTbca c B03BpamaeMbiM o6beKTOM KaK c o6beKTOM FileStream hjih Stream. A bot 
BTOpOMy MeTOAy 'i pc6yCTCa, MTOOI,l BbI3bIBaK>mHii ICO/I paCCHHTbIBajI TOJibKO Ha o6beKT 
Stream, to ecTb o6jiacTb ero npiiMeHeHiin 6ojiee orpaHimeHa. 

I4iioiyi,a Tpe6ycTca coxpaHHTb B03M0acH0CTb 113.vie n mu, isnyipeiimoio peajni3aii,Hio 
viCTO/ia, He n. i ii mm Ha Bbi3biBaiomHH ico/p B 11 ]) it nc/iei 11 iOM paHee npHMepe H3MeHeHiie 
peajiH3au,Hii Merana OpenFile b 6ya,ymeM ManoBeponrao, oh Bpa/i, jih 6ya,eT B03Bpa- 
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maTb hto-jiit6o otahhhoc ot o6 - beKTa rana FileStream (hah rana, npoiOBOAHoro ot 
FileStream). OAHaKO /yia MeTOAa, B 03 Bpamaiomero o6beKT List<String>, Bnojme bo3- 
moacho H 3 MeHeHiie peajiH3apHH, nocjie KOToporo oh HanHeT B 03 BpamaTb ran String[ ]. 
B iio/i,o6m>ix cjiynanx cacavct BbiSnpaTb 6ojiee cjia6bni THn B03BpamaeMoro o6beKTa. 
I [aiipn.Yiep: 

// rn6Knii BapnaHT: b 3tom MeTOfle incno.nb3yeTcfl 

// MarKMM Tun B03BpamaeMoro o6beKTa 

public IList<String> GetStringCollection() { ... } 

// Hern6KMM BapuaHT: b 3tom MeToae ncnoab3yeTca 

// cu/ibHbiPi Tun B03BpamaeMoro o6beKTa 

public List<String> GetStringCollection() { ... } 

Xoth b koac MeTOAa GetStringCollection iicno. ib.'iycTCM h B 03 BpamaeTCA 06b- 
eKT List<String>, b npoTorane MeTOAa jiymic yKasaxp, b Kanecrae B 03 BpamaeMoro 
o6'P)Cicpa IList<String>. /faAce ecA 11 b 6yAymeM yKaa.aiiiiaM b KOAe MeTOAa ico. i.;iciaiii a 
H 3 MeHHT CBOii THn Ha String [ ], Bbi 3 biBaiomHH koa He noTpe6yeTCH hii peAaKTHpoBaTb, 
hh Aaace nepeKOMniijmpoBaTb. 06 paraTe BHHMaHHe, hto b stom iipii.Yiepe h Bbi6paA ca- 

Mblii «CHAbHbIH» H3 CaMbIX <<CAa6bIX» THnOB. K P11)PI MCpy, A He HOC P IO. P P>,JO liil./PCXP THnOM 

IEnumerable<String> haii ICollection<String>. 


KOHCTaHTHOCTb 

B HeKOTopbix M3i)ii<ax, b tom u iicjic b i icy i ipairi mc.yio.yi m3i>ii<c C++, MeTOAbi h napaMe- 

Tpbl MO/KIIO o6bHBAHTb KaK KOHCTaHTbl. 3 tHM Bbl aaiPpCIPPaCTC KOAy B ;:)K3CMII. ; IM|)I[().\I 

MeTOAe H3MeHHTb iio.ia o6beKTa hah o6beKTbi, nepeAaBaeMbie b mctoa- B CLR 3Ta 
B03M05KH0CTb i ic i iOAAcp>icn isacTCH, a mhothm nporpaMMHCTaM ee hc xBaTaeT. TaK KaK 
caMa iiciio. iiiMioinaa cpeAa He noAAepaciiBaeT TaKoii (|:)viikhipip, ecTecTBeHHO, hto OHa He 
noAAepacHBaeTCH hh b oahom H3biKe (b tom hhcac b C#). 

B nepByio onepeAb CAeAyeT 3aMeraTb, hto b neynpaii./iMeMOM KOAe C++ noMeTKa 
3K3CMnAHpHoro MeTOAa hah napaMeTpa K. iio'ieniaM caobom const rapaHTiipoBaAa He- 
H3MeHHOCTb 3TOTO MeTOAa HAH napaMeTpa CTaHAapTHbIMH CpeACTBaMH KOAa. npn 3TOM 
BHyTpn MeTOAa BcerAa moacho 6bmo HanncaTb koa, H3MCHaiomHH o6beKT hah napaMeTp 
nyTeM iirHopupoBaHim hx «KOHCTaHTHOH» npupoAbi hah nyTeM noAyneHim aApeca 
o6beKTa c nocACAyromeH 3anHCbK>. B onpeAeACHHOM cmmcac HeynpaBAneMbiii koa C++ 
«BpaA» nporpaMMHCTaM, yTBepACAan, hto KOHCTaHTHbie o6beKTbi hah KOHCTaHTHbie 
napaMeTpbi BOo6me i ic. ip>3>i mciim i i,. 

Co3AaBaa peaAH3aunio Tima, pa3pa6oTmiK moacct npocTO H36eraTb HamicaHim KOAa, 
MeHHiomero o6beKTbi h napaMeTpbi. Hanpimep, Heii3MeHaeMbiMH hbajhotch CTpoKii, TaK 
KaK KAacc String He iipcAOCTaiciHCT HyACHbix aah stoto mctoaob. 

KpoMe Toro, cneiinaAiiCTbi Microsoft He npeAycMOTpeAH b CLR bo3moachoctb npo- 
BepKII HeH3MeHHOCTH KOHCTaHTHbIX o6beKTOB HAH KOHCTaHTHbIX napaMCTpOB. CLR 
npniHAOCb 6bi npn KaACAOii onepan,HH 3aniicn npoBepHTb, He isi.iiio. iipacica aii 3anHCb 
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B KOHCTaHTHblH o6beKT, '(TO CHJIbHO CHH3HJIO 6bl ;)())())CKTIim[OCTP> pa 60 TbI npOrpaMMbl. 
EcTecTBeHHO, o6napyaceHiie HapyrnemiH /lojiaoio npHBOflHTb k Bbmane HCKjnoHemra. Kpo- 
Me Toro, no/wepacKa KOHCTaHT co.3/iacT /(onojiHHTejibHbie cjioacHOCTii /yin pa3pa6oTHHKOB. 
B nacTHOCTH, npn Hacjie/iOBaHHH f[O iis.vtciimcmoio THna iipon3iso/piip>ic THnbi aojiacHbi 
coo. iio/[,a'[ Pi 3 to oipaiiii'ienne. KpoMe Toro, iicn3.viciiMCMbiii ran, CKopee Bcero, /p,oji>koip 
cocTOHTb 1 13 noaeH, KOTopbie Toace iipc;i,C'iaii. ; iMio'i co6oii HeH3MeHHeMbie THnbi. 

3to juinib HecKOJibKO ii|)ii'iiii[, no kotophm CLR He no/mepacHBaeT KOHCTaHTHbie 
o6beKTbi / apryMeHTbi. 



f/iaea 10. CeoucTBa 


3'ia rjiaBa iiociiMiueiia CBoiicTBaM. CBoiiCTBa no3BOJiH iot o6paTHTbCH k .vterany b hc - 
xoahom TeKCTe nporpaMMbi c nciio. ib.'soiiaimcM yupomemioro ciiHTaKciica. CLR non- 
aepaciiBaeT ana Biiaa cbohctb : 6e3 napaMeTpoB, hx Ha3biBai0T npocTO — ceoucmea, h c 
napaMeTpaMH — y hiix b pa3Hbix H3biicax pa3Hoe Ha3BaHiie. Hanpimep, b C# CBoiicTBa 
c napaMeTpaMH Ha3biBaiOT imdeKcamopaMU, a b Visual Basic — ceoucmeaMU no yMomanwo. 
KpoMe toto , b oxoii r.iane paccica3biBaeTCH 06 HHHii;HajiH3ai];HH cbohctb npn iiomoihh 
HHHUHajIH3aTOpOB o6bCKTOB H KOJUieKIJHH, a TaiOKC O MexaHH3Me o6bCaHHCIIHH CBOHCTB 
nocpeacTBOM aHOHHMHbix tihiob h Tuna System .Tuple. 


CeoMCTea 6e3 napaivieTpOB 

Bo mhooix THnax onpenejiHeTCH mi(})op.\taiiiiM coctohhhh, KOTopyio mohcho npouiiTaTb 
HJIH H3MeHHTb. MaC'IO 3Ta HH(^JOpManMH COCTOHHHH peaJIH3yeTCH nOJIHMH THna. Bot, 
Hanpimep, onpenejieHiie Tima c auyMH nojiHMH: 

public sealed class Employee { 

public String Name; // Mmh coTpyAHmca 
public Int32 Age; // Bo3pacT coTpyflHMKa 

} 

Coa/ianaa oicse.vtiL'mp oxom Tima, mo>ktio nojiyuiiTb hjih 3a;an b jno6bie cneaemui 
o ero coctohhhh npn noMomu npHMepHO TaKoro KOfla: 

Employee e = new EmployeeQ; 

e.Name = "Jeffrey Richter"; // 3aflaeM hmh coTpyAHHKa 
e.Age = 48; // 3aflaeM B03pacT coTpyflHuica 

Console.WriteLine(e.Name); // Bnboaum Ha 3KpaH "Jeffrey Richter" 

3tot cnoco6 'neiina h aamicu HiufjopMaunH coctohhhh o6beKTa ciem, pacnpo- 
CTpaHeH. OaiiaKO h oiinaio, 'no peajHi3au,HH TaKoro nu;i,a coBepmeHHO nc/i,oiiycTu.\ia. 
OamiM H3 KpaeyrojibHbix KaMHeii o6beKTHO-opiieHTiipoBaHHoro nporpaMMiipoBamiH 
h pa3pa6oTKH HBJineTCH UHKancyjiHUjUx. dannux. HHKancyjiHLuiH naHHbix 03HauaeT, hto 
nojiH Tima hii b kocm cjiyuae hc cjicnycx OTKpbiBaTb hjih o6mero nocTyna, TaK KaK b 3tom 
cjiyuae cjihihkom npocTO HanucaTb icon, cnoco6Hbiii iicnopTHTb ciienemia o coctohhhh 
o6beKTa nyTeM neita/i,jrc>Kaii lcio Hcnojib30BaHiiH nojieii. HanpHMep, c.;ic/i,yioiunM kohom 
pa.3pa6oT'in k mojkct jierKO iionpe/uri b o6beKT Employee: 


e.Age = -5; // MoweTe Boo6pa3UTb HenoBeica, KOTopoMy MHHyc 5 neT? 
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EcTb h npynic npHHHHbi hjih HHKancyjiHijHH nocTyna k iio.mmm /paimijx THna. /(o- 
nycTHM, BaM iiv>kcii nocTyn k nonio, hto6h 'ito-to c/pejiaTb, pa3MecTHTb b ioiiic iicko- 
Topoe .'siia'iemie hjih C03/pa'n> KaKOH-TO BHyTpeHHiiii o6beKT, coa/paiiue KOToporo 6 f>i. io 
OTjioaceHO, npiineM o6pameHiie k nonio He hojihcho HapymaTb 6e3onacHOCTb noTOKOB. 
Hjih, cica>Ke.\i, none hbjihctch jioraraecKHM h ero .'siia'pemie npencTaBjieHO He 6aHTaMii 
b naMHTii, a BbiHiicjineTCH no HeKOTopoMy ajiropHTMy. 

Kaxcnan 113 ::mix iipii'inii 3acTaBjuieT npn pa3pa6oTKe TimoB, BO-nepBbix, no.vic'iaa b 
Bee nojin KaK 3aKpbiTbie (private), bo-btopmx, naBaTb nojPb30BaTejiio Barnero Tima 
B03M03CH0CTb nojiyneHHH h aa/paim h cbc/pcpphm o coctohhhh aepea cnerpiiajibHbie MeTO- 
Abi, iipc;piia3iia | peiiiii)ie hck. iio'pH ic.rr>no ;p.;ia . 910 m. Mc'io/ppa, isi.iiio.iiiaioinuc cIivppkppipip 
o6ojiohkii ji,jih /pocTyna k nonio, o6biHHO Ha3bmaiOT MemodaMU docmyna (accessor)- 
MeTO/pbi /pocTyna MoryT BbinojiHHTb nonojiHHTejibHbie npoBepKH, rapaHTHpyn, hto 
ciie/pemia 0 coctohhhh ooixana 1111 ifoivpa He ov/pvt HCKaaceHbi. H nepenucaji KJiacc 113 
npeAbiAyiuero npimepa cjienyiomHM o6pa30M: 

public sealed class Employee { 

private String m_Name; // none CTa /10 3ai<pbiTbiM 
private Int32 m_Age; // none CTa /10 3aKpbiTbiM 

public String GetName() { 
return(m_Name); 

} 

public void SetName(String value) { 
m_Name = value; 

} 

public Int32 GetAge() { 
return(m_Age); 

} 

public void SetAge(Int32 value) { 
if (value < 0 ) 

throw new ArgumentOutOfRangeExceptionC’value", value.ToStringQ, 

"The value must be greater than or equal to 0"); 
m_Age = value; 

} 

} 

HecMOTpn Ha bcio npocTOTy, 3 tot npiiMep neMOHcrpupyeT orpoMHoe npeiiMynpecTBO 
HHPcancyjimiHH noneii /p,aHHbix. Oh TaKace noKa3biBaeT, KaK npocTO co3/phk>tch CBoiicTBa, 
/POCTVII 111)1 C TOJIbKO 'nCTIIPM HJIH TOJIbKO HJIH 3anHCH — HOCTaTOHHO OnyCTHTb O/pilll 

113 MCTO/poii /pocxyna. B k;i>pcctisc ajibTepHaTiiBbi mohcho no3BOJiHTbH3MeHHTb.iipaaemtH 
TOJIbKO B npOH3BO/],HbIX TffliaX — HJIH 3T0r0 MeTO/P, SetXXX nOMenaeTCH KaK 3anpHIipeHHbIH 

(protected). 

KaK BH/puTC, y HHKancyjPHipHH naHHbix ecTb /p,Ba He/pocTaTKa: BO-nepBbix, H3-3a peajm- 
3ail,HH HOnOJIHHTeJIbHbIX MCTO/poii lipilXO/PPITCM nHCaTb 6ojiee ;p.T IP III [ 1)1 ii ICO/P, BO-BTOpbIX, 
BMeCTO npOCTOH CCbIJIKH Ha HMH nOJIH n0JIb30BaTejIHM Tima npiIXOHHTCH BbI3bIBaTb 
cooTBeTCTByKmpiie MCTO/pia: 
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e.SetName("Jeffrey Richter"); // 06HOB/ieHMe MMeHw coTpyAHwxa 

String EmployeeName = e.GetNameQ; // nonyaemne B03pacTa coTpyAHuxa 
e.SetAge(41); // 06HOB/ieHne B03pacTa coTpyAHwca 

e.SetAge(-5); // BbiAaaa KCKniOHeHMR 

// ArgumentOutOfRangeException 

Int32 EmployeeAge = e.GetAge(); // nonyaemne B03pacTa coTpyAHMKa 

JIll'IIIO H CM M l 310 3TH HCAOCTaTKII IICIMI3M IITC. Ibl I blM 11. TeM 11C MCI ICC CLR IIO/l/l,Op>Kll- 
iiacT MCxaimriM cbohctb, Macau'iiio icoMiicii<ai|)yioiuiiii nepBwii ncaocTaTOic h nojiHOCTbio 

ycTpaHinomi-iH BTOpOH. 

Cjie/iyiomHH KJiacc (jivmapioiia.Tbiio iiacm nacii npeabmymeMy, ho b iicm ncnojib- 
ayiOTca cBoftcTBa: 

public sealed class Employee { 
private String m_Name; 
private Int32 m_Age; 

public String Name { 
get { return(m_Name); } 

set { m_Name = value; } // KmoaeBoe caobo value 
} // MfleHTM(|)UL|upyeT HOBoe 3HaaeHue 

public Int32 Age { 

get { return(m_Age); } 
set { 

if (value < 0) // KmoaeBoe caobo value Bceraa 

// MfleHTut|)MLiMpyeT HOBoe 3HaaeHne 
throw new ArgumentOutOfRangeException("value" J value.ToStringQ, 

"The value must be greater than or equal to 0"); 
m_Age = value; 

} 

} 

} 


KaK IUI/IT1TC, XOTH CBOHCTBa IICMIlOm yCJIOaCHHIOT OripeaCilCIIIIC THna, HOnOJIHIITeJIb- 
Haa pa6oTa 6ojiee aeM onpaBaaHa, noTOMy hto OHa no3BOjiaeT nncaTb icon caeayiomero 
BHua: 


e.Name = "Deffrey Richter"; 
String EmployeeName = e.Name; 
e.Age = 41; 
e.Age = -5; 

Int32 EmployeeAge = e.Age; 


// "3aAaTb" umr coTpyflHUKa 
// "nonyauTb" MMfl coTpyAHUKa 
// "3aAaTb" B03pacT coTpyAHuxa 
// B6pOC MCKAIOaeHMfl 
// ArgumentOutOfRangeException 
// "nonyauTb" B03pacT coTpyAHmca 


iVl o'/Kiio ciiriai b CBoiicTBa «yMHbiMH» iio.tmmu, to ecTb nojiHMH c aoiKi.Tiiirrc.Tbiioii 
JIOTHKOH. CLR IIO/UlCp'/KHIiaCT C raTHMCCKTIC, 3K3eMnJiapHbie, a6cTpaKTHbie H BIipTy- 
ajibHbie CBOHCTBa. KpoMe toto, CBoiicTBa MoryT noMCiaTbca mo/i,ii())ii KaTopoM aocryna 
(cm. iviacy 6) h onpeaejiHTbca b HHTepcjieHcax (cm. raaBy 13). 

y KTi/icaom CBoiicTBa ecTb ii mm h THn (ho hc void). I lc,Tb3M neperpyacaTb CBOHCTBa 
(to ecTb OnpeaejIHTb HCCKOJIbKO CBOIiCTB C OamiaKOIIblMH IIMCHaMH, HO pa3HbIM THnOM). 



266 QiaBa 10. CBOMdBa 


Oiipc/i,c./iM a cbohctbo, o6p>i'ii[o onucbiBaiOT napy mctoaob: get h set. 0,i,iiai«) onycTHB 
mctoa set, mo5kho onpeaejiHTb cbohctbo, AOCTynHoe TOJibKO ;(j\a htchiih, a onycKaa 
TOJibKO MeTOA get, MbI nOJiyHHM CBOHCTBO, AOCTynHOe TOJibKO JSJ IH 3aniICH. 

MeTOAbi get h set crsoHCTBa /[.oiso.i r>[ ro 'lacro m;iiiiti iy. ; i n])y iot 3aKpbiTbiM nojieM, 
onpe/i,ejieHHbiM b Time. 3to none odbiHHO Ha3biBaiOT pe3epem>iM (backing field). OnHaKO 
MeTOAaM get h set He iipiixoAinca oopamaTbca k pe3epBHOMy nojno. I [aiipn.viep, THn 
System.Threading.Thread no/mepacimaeT cbohctbo Priority, B3aiiMO,a,eHCTByiomee 
HenocpeACTBeHHO c OC, a odneKT Thread He no/mepaciiBaeT none, xpaHHipee npnopHTeT 
noTOKa. /Ipyroii npinvrep cbohctb, hc hmcioitihx pe3epBHbix nojieii, — oto Heii3MeHHeMbie 
CBoiicTBa, BbiHiicjiaeMbie npn BbinojiHeHHH: /puma Maccima, aaicaiiMiiiiiuoineroca HyjieM, 
hjih odnacTb npHMoyrojibHHKa, ;sa,iaimoio niupmioii h bmcotoh h t. 

rtpii oiipc/tcjiemin CBoiicTBa komiiii.imtop reHepupyeT h noMemaeT b pe3yjibmpyio- 
mnii ynpaBjiaeMbiii Monyjib cjieAyiomee: 

□ MeTOA get CBoiicTBa ixaiepiipycTca, TOJibKO ecjra /pi a CBoiicTBa oiipe/icjicii mctoa 
AOCTyna get; 

□ MeTOA set CBoiicTBa reiiepiipvcTca, TOJibKO ec.in ,yia cbohctbh onpcACJieii mcto/i, 
AOCTyna set; 

□ onpcACJicmie CBoiicTBa b MCTa/puiiibix ynpaBjraeMoro Monyjiji reiiepiipvcTca ncer/pi. 

BepHeMca k noKa3aHHOMy paHee Timy Employee. I Ipii ero komhhjihuhh KOMniuiHTop 
o6HapyaciiBaeT CBoiicTBa Name h Age. IIocKOJibKy y o6ohx ecTb mctoah AOCTyna get h set, 
KOMniuiHTop reHepupyeT b THne Employee ncTbipe onpcACJiemia mctoaob. Pe3yjibTaT 
nojiynaeTCH TaKoii, KaK ecjni 6bi THn 6bui ncxo/pio HamicaH c.ie/pvioimiM o6pa30M: 

public sealed class Employee { 
private String m_Name; 
private Int32 m_Age; 

public String get_Name(){ 
return m_Name; 

} 

public void set_Name(String value) { 

m_Name = value; // ApryMeHT value Bcerfla nfleHTn^nunpyeT HOBoe BHaMeHne 

} 

public Int32 get_Age() { 
return m_Age; 

} 

public void set_Age(Int32 value) { 

if (value < 0) { // value Bceraa MfleHTH(|)MUMpyeT HOBoe 3HaneHne 
throw new ArgumentOutOfRangeExceptionC’value", value.ToStringQ, 

"The value must be greater than or equal to 0"); 

} 

m_Age = value; 

} 
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KoMnujiHTop ainoMaTH'iccidi reHepupyeT iiMeHa arax mcto/iob, ii|)ii6aii./iMa npn- 
CTaBKy get_ hjih set_ k ii.viciiii CBOHcraa, 3a, : i,aiiiiOMy paapaooT'Piiico.vi. 

I Io/mepacica cbohctb BCTpoeHa b C#. OoiiapyjKiiis icon, iip.iTaiomn hch nojiyuHTb hjih 
aa/paii. cbohctbo, komiiii./im'io|) reHepupyeT bh30b cooTBeTCTByiomero viCTO/pa. Ecjih 
H cnojib3yeMbifi h3hk ipc no/mepacHBaeT CBoiicraa iiaupMMyio, k hum Bee paBHO MoacHO 
odpararacH nocpeflCTBOM Bbi30Ba HyacHoro MeTona nocTyna. 3cjxJ)eKT tot ace, TOJibKO 
Hcxo/iHbiH TeKCT ipi.i iviM/piiT MeHee ajieraHTHO. 

ITomhmo mctohob /pociyiia, Rjia icaacnoi o H3 cbohctb, oiipe;pe.;ieiini)ix b iicxo/piiom 
T eKCTe, KOMmijiHTopbi reHepupyiOT b MeTanaHHbix ynpaBJineMoro MonyjiH 3anncb 
c onpe/pcjicimcM CBOHCTBa. Taicaai 3anncb conepacHT hcckojibko cjuiaroB h ran CBoficTBa, 
a TaKace ccbijiKH Ha mctoah nocTyna get h set. 3Ta HH(|)opMau;HH cymecTByeT jmnib 
3aTeM, uto6h CBH3aTb a6cTpaKTHoe noHSTiie «CBOHCTBa» c ero MeTOAaMH ji,0CTyna. Kom- 
nnjiHTopbi h /ppyiTie HHCTpyMeHTbi MoryT ncnojib30BaTb ara MC'iajpaiiiiijie 'pepea Kjiacc 
System.Reflection.Propentylnfo. H Bee ace CLR He ncnojib3yeT ara MeTanaHHbie, 
Tpe6ya npn BbinojiHeHini TOJibKO mcto/p,P)I /pociyiia. 


ABTOMamHecKM peajui3yeMbie CBOHCTBa 

Ecjih Heo6xo/uiMO C03/i,aTb CBOHCTBa ajih HHicancyjiHitHH pe3epBHbix nojieii, to b C# ecra 
ynpomeHHbiH ciiHTaKCHC, Ha3biBaeMbifi aemoManmuecKU peanwyeMUMU ceoucmeaMU 
(Automatically Implemented Properties, AIP). npimeny npimep rjir CBoiicTBa Name: 

public sealed class Employee { 

// 3to cbomctbo BB/ineTca aBTOMaTunecKM peaau3yeMbiM 
public String Name { get; set; } 
private Int32 m_Age; 
public Int32 Age { 

get { return(m_Age); } 
set { 

if (value < 0) // value Bceraa ufleHTM^wuupyeT HOBoe 3HaaeHMe 
throw new ArgumentOutOfRangeExceptionC’value", value.ToStringQ, 

"The value must be greater than or equal to 0 "); 
m_Age = value; 

} 

} 

} 


Ecjih bh o6t>hismtc CBOHcraa 11 He ofieciie'iinc peajiH3an,Hio mcto/pois set h get, to 
KOM niiJiHTop C# aBTOMaTHuecKii odbHBHT hx 3aKpbiTbiMii iio.TMMH. B .tail i io.vi npiiMepe 
nojie ov/pcT iiMera THn String — THn CBoficTBa. H KOMniuiHTop amo.via'i ii'iccicn peajni- 
3yeT MeTOAbi get_Name h set_Name hjih npaBiuibHoro B03BpameHiiH 3HaueHiiH 113 nojiH 
11 Ha3HaueHiiH 3HaueHHH nojiio. 

Bbi cnpocHTe, .aa'ie.vt aro HyacHO, ocooeiiiio b cpaBHeHiin c oop.imipi.im o6bHBJieHiieM 
CTpoKOBoro nojiH Name? M eac/py hiimh ecTb 60.Ti.1naH pa3Him,a. Hcnojib30BaHiie AIP- 
cuHTaKCHca oana'iacr, uto bh coa/paci'c cbohctbo. JI 106011 nporpaMMHbiii icon, HMeiomnii 
/pociyn k OTOMy CBoiiCTBy, Bbi3biBaeT mcto/pp.i get h set. Ecjih bbi iio3/pnee pemiiTe 
peajni30BaTb at 11 mctohm caMOCTOHTejibHO, 3aMeHiiB hx peajiii3an,iiio, 1 i])c/p,jpo>icei 11 ry 10 



268 QiaBa 10. CBOMdBa 


KOMraiuHTopoM no yMOJinaHiiio, to koa, HMeiomHH AOCTyn k CBoficTBy, He HyacHO 6yn,eT 
nepeKOMrouiiipoBaTb. OAiiaico eca n o(ti>mbiitp> Name KaK noae h noa/uiee 3aMeHHTb ero 
cbohctbom, to Becb nporpaMMHbiii KOA, HMejOHIHH AOCTyn K nOJIK), npHAeTCfl nepeKOM- 
raijiiipoBaTb, nocKoabKy oh 6vact o6pamaTbCH k mctoahm CBOHCTBa. 

JlHHHO MH6 He HpaBHTCH aBTOMaTHHCCKII peajIII3yeMbie CBOHCTBa, OObl'IIIO A CTapaiOCb 
hx H36eraTb no HecKoabKiiM npii'fiiiia.vi. 

□ ClIHTaKCHC OO’bM B.'iei [ I I A 11 0.T A MO/KCT BKJHOHaTb IIHIIU,IiaJHI3aU,II]0, THKHM o6pa30M, 
Bbi o6i>hb. ihctc h HHiiH,iiajiH3HpyeTe noae b 0 , 1,1 io ii CTpoKe KOAa. O/oiaiai hot iio/[- 
xo/iMiucm ciiHTaKCHca aah ycTaHOBKii npn noMOirpi AIP HanaabHoro .ana’icnHH. 
C, : ie;i,(maTC. : ibi[(), neo6xo/i,nM() iieaisno iiHimiiajiimipoBaTb Bee amoMa'i H'iecKn pea- 
jni3yeMbie CBOHCTBa bo Bcex KOHCTpyKTopax. 

□ MexaHH3M cepHajra3an;HH Ha cnane BbinoAHeHHH coxpaHHeT hmh noaH b cepiia,/m- 
30BaHH0M noTOKe. Hmh pe3epBHoro noaH aah AIP oiipcacahctch KOMnnaHTopoM, 
H OH MOHCeT MeHHTb 3TO IIMH KaHCflblH pa3, KOTAa KOMnilHIipyeT KOA, CBOAH Ha HOT B03- 
MoacHOCTb Aecepna.Tii3ann h aiciexniAHpoi! Bcex thiioii, coAepacamux amo.viaTH'iecbTi 
peajiH3yeMbie CBOHCTBa. He Hcnoab3yHTe 3tot MexaHH3M aah thhob, no/i,, : ic>Kainiix 
ccpnaan.3aunn h AccepHaAH3aijHH. 

□ Bo BpeMH OTjiaAKii iie. ibH.a ycTaHOBHTb totkv ocTaHOBa b AI P-.vieiOAax set h get, 
noaTOMy Bbi He CMoaceTe jictko y3HaTb, Kor^a npiuioaceHiie nojiynaeT h 3a/i,aeT 3Hane- 
Hiie aBTOMaTHHecKii peaaii3yeMoro CBOHCTBa. Tohkii ocTaHOBa mohcho ycTaHaBaiiBaTb 
TOJIbKO B Tex CBOHCTBaX, KOTOpbie npOTpaMMHCT nilHieT CaMOCTOHTejIbHO. 

TaKace cjieayeT 3HaTb, hto npii Hcnojib30BaHHH AIP CBoficTBa aoaachm imeTb ypoBeHb 
AOCTyna aah 'itciium h 3amiCH, TaK KaK KOMnnaHTop reHepupyeT mctoam set h get. 3 to 
pa3yMHO, nocKoabKy noan aah htchiih h 3araicii 6ecnoae3Hbi 6e3 B03M0acH0CTH htchiih hx 
3HaHeHiiH, 6oaee toto, noaH aah htchiih 6ecnoae3Hbi, ecan b hiix 6yaeT xpamiTbcn ToabKO 
3HaaeHHeno VMO.T i iaimio. KTOMy aceH3-3a toto, hto bm iic 3HaeTe hmchh ainoMaTH'iccicii 
reHepupyeMoro pe3epBHoro noaH, Bam nporpaMMHbiH koa AoaaceH BcerAa o6pamaTbCH 
k CBoficTBy no HMeHH. H ecAH Bbi pemHTe hbho peaaH30BaTb oahh h 3 MeTOAOB AOCTyna, 
to BaM npHAeTCH hbho peaaH30BaTb o6a mctoaa AOCTyna h npn 3 tom OTKa3aTbCH ot hc- 
noab30BaHHH AIP. MexaHii3M AIP pa6oTaeT cahihkom 6ecKOMnpoMHCCHO. 

OcTopo>KHbm noAxoA k onpeAe/ieHUfo cbomctb 

JIiihho MHe CBOHCTBa He HpaBHTCH h h 6bia 6bi paA, ecAH 6bi b Microsoft penman y6paTb 
hx noAAepacKy H3 .NET Framework h conyTCTByromux h 3 hkob nporpaMMiipoBaHiiH. 
npHHHHa B TOM, HTO CBOHCTBa BblTAHAHT KaK nOAH, HBAHHCb nO CyTH MCTOAaMH. 3 tO 
nopoacAaeT novibicaiiMvio nyTaHHiiy. CToaKHyBmHCb c koaom, KOTopbiii BpoAe 6bi 06- 
pamaeTCH k noaio, pa3pa6oTHHK npiiBbiHHO npeAnoaaraeT TiaaiiHiic MHoacecTBa ycaoBiiii, 
KOTOpbie /uuieico He BcerAa co6aiOAaiOTCH, ecan penb hact o CBoiicTBe. 

□ CBoiicTBa MoryT 6biTb AOCTynHbi ToabKO aah htchhh haii ToabKO aah 3aimcn, b to 
BpeMH KaK noaH BcerAa AOCTynHbi h aah htchiih, h aah 3anHCH. OnpeAeann cbohctbo, 
av'ime Bcero co3AaBaTb aah Hero o6a mctoaa AOCTyna (get h set). 
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□ Cbohctbo, HBjiHHCb no cyTH MeTOAOM, mO/KCt lUji/pnui'i h hckatohchhh, a npn o6pa- 
meHIIHM K nOJIHM HCKATOHCTTHH He 6bIBaeT. 

□ CBoiicTBa Henb3H ricpc/uusa rr> b mcto;i b Ka'iecnse napaMeTpoB c K. iio'ieiibi.vi cjiobom 
out hjih ref, b ‘lacTiiocTH, (viexyiomiiii koa He KOMiiu.MiipycTCH: 

using System; 

public sealed class SomeType { 

private static String Name { 
get { return null; } 
set {} 

} 

static void MethodWithOutParam(out String n) { n = null; } 

public static void Main() { 

// npn nonbiTKe CKOMnnnnpoBaTb c/ieflypomyio CTpoKy 
// KOMnnnfiTop BepHeT coo6meHne 06 own6i<e: 

// error CS0206: A property or indexer may not 
// be passed as an out or ref parameter. 

MethodWithOutParam(out Name); 

} 

} 

□ CBOHCTBO-MeTOA MOACCT BbinOJIHHTbCH AOBOAbHO XO.TIO, B TO BpCMH KaK OOpail [011113 

K 110.T 'A M BbinOJIHHIOTCH MOMCHTajIbHO. L [aCTO CBOHCTBa ll|)UMCI[aiOT CHHXpOHH- 

3ailHH nOTOKOB, HO 3TO MO/KCT npiIBCCTH K npiIOCTaHOBKC nOTOKa Ha HCOnpeACJICHHOe 
BpeMH, noaTOMy CBOHCTBa He cacavct Hcnojib30BaTb ax a sthx hcacm — b TaKofi cii- 
TyapHH .Tynnc 3axcik"moisaTb mctoa. KpoMe toto, ecxu npexycMOTpeH yxaxeimbiii 
AOCTyn k KJiaccy (Hanpimep, ecjm oh HacneAyeT ot System .Mars ha lBy Ref Object), 
bm30b CBoiiCTBa-MeTOAa BbinojiHaeTCH OHCHb Me/yieHHO, noaTOMy npeAnonTCHiie cne- 
AyeT OTAaTb MCTOAy. H CTHTaio, hto b Kiiaccax, npoii3BOAHbix ot MarshalByRefOb ject, 
HIIKOTAa He CACAVCT HCn0JIb30BaTb CBOHCTBa. 

□ IIpiI HeCKOAbKIIX BbI30BaX nOApHA CBOHCTBO “MCTOA MOACCT B03Bpam,aTb pa3Hbie 
3HaHeHiia, a none B03BpamaeT oaho h to ace 3i [anemic. B Kxacce System. DateTime 
ecTb Heii3MCHHeMoe cbohctbo Now, KOTopoe B03BpamaeT TeKymne AaTy h bpcmh. I lpn 
KaacAOM nocACAyiomeM Bbi30Be cbohctbo B03BpamaeT hoboc 3HaneHHe. 3to omn6Ka, 
h b KOMnaHim Microsoft oxotho HcnpaBHAH 6bi stot Kxacc, npeBpaTHB Now b mctoa. 
/fpyroii npirnep hoao6hoh oihh6kii — cbohctbo Environment.TickCount. 

□ CBOHCTBO-MeTOA MOACCT nOpOACAaTb BHAHMbie no6oHHbie 3(j)(j)eKTbI, HeB03M0ACHbie 
npn AOCTyne k iio.tio. Hiianc roBopa, nopaAOK mipcACAcmia ana'iemiii paa./iiruibix 
cbohctb THna hiikak He aoxacch bahmti> HanoBeAemieTuna, OAHaKO b AciicTismeAb- 
hocth aacTO 6biBaeT He TaK. 

□ CBOiicTBy-MeTOAy moacct rpeixmaTboi AOiio./imiTe./ibiiari naMHTb hah ccbiAKa Ha 
o6beKT, He aii. iaiomuiicM nacibio coctohhiih o6beKTa, iiostomy H3MeHeHiie B03Bpa- 
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maeMoro odbeKTa HiiKaK He c k;i,3f>i nat'ac j-i Ha ipcxo/uiom o6 - beKTe; npn 3anpoce ip on a 
iscciypa B03Bpam,aeTCH ccwjiKa Ha odbeicr, KOTopbiii raiiain iipoisaiiiio othochtch 
k coctohhhio HCxo/],Horo o6 - beKTa. Cbohctbo, lioaiipamaioinee Korano, — hctohhiik 
nyTaHHH,bi /l./im pa.'spaooT'tiucoii, iipii'ic.vi 06 3tom uacra 3a6biBaiOT ynoMjmyTb b pp- 
KVMCTITaHHH. 

H caiiTaio, 'no paapanoT'iiiKii iicnoab3yioTCBOHCTBaHaMHoro name, ae.vi cae,a,OBaao 
6bl. /UjC'iaiO'IIIO BHI-IMaTCJIbHO IKiyiHTP) CnHCOK pa3JIHHHH MC>K;i,y CBOHCTBaMH H iio. im- 
MH, HTo6bI nOHHTb: eCTb O'lCIII) HeMHOrO CHTVaUPTH, B KOTOpbIX 01 ipC/LCUCI I IP C CBOHCTBa 
/i,eHCTBHTejibHO noae3HO, y/tooipo h He 3anyTbiBaeT pa;spa6oT'tiu<a. EflHHCTBeHHaa npn- 
li./PCK'apejp p>i map aep'ia cbohctb — ynpomeHHbiii CHHTaKCHC, bcc ocTajibHoe — iie;i,oc'i;:n i<ii, 
B HHCJie KOTOpbIX I IC) P e| )ai B 111 )( ) PI,3 1 PO/P,PI 3 C'Jl!) 1 [ f )C'[ PI H 'IHTaOC./llillOCTH l«)/ta. local IP 6bl A 
ynacTBOBaji b pa3pa6oTKe .NET Framework h KOMmuiHTopoB, h 6bi BOo6me OTKa3ajior ot 
CBOHCTB, BMeCTO 3TOTO H npCAOCTaBIIJI 6bl pa3pa60THHKaM nOJIHyiO CBOdofly peajIH3artHH 
MeTOAOB GetXxx h SetXxx. 11 o.3>ice coa/pri'caii KOMmijuiTopoB Moran 6bi iipc/i,ocTamnp> 
oco6hh ynpomeHHbiH CHHTaKCHC Bbi30Ba 3 thx mcto/iois, ho TOJibKO npH ycjiOBiiii ero 
OTJIHHIIH OT CI-IHTaKCHCa odpamCHIIH K nOJIHM, UTo6bI npOrpaMMI-ICT HeTKO nOHIIMajI, UTO 
BbinOJIHHeTCH BbI30B MCTO/pl! 


CBOMCTBa 1/1 OT/iaflHMK Visual Studio 

Microsoft Visual Studio iioaisouacT yKa 3 biBaTb CBOHCTBa oobacioii b okhc npocMOTpa 
O'l jia/CPUKa. B pe 3 yjibTaTe npn ;ja/i,a 111111 toukii ocTaHOBa OTua/utii a' 6 \vp,ct Bbi 3 biBaTb Me- 
to/p, get h noKa 3 biBaTb iio.31spamae.Moe oiia'peuue. 3 to mo/icct 6 biTb p 1 o./iC 3 >im npn noiicKe 
omiidoK, ho TaKace MoaceT CKa 3 aTb«r Ha touhoctii ii npoii 3 BO/i,HTejibHOCTH npimoaceHira. 
HanpriMep, nycTb bbi co 3 /i,ajiH noTOK FileStream ajih 4 >atijia, nepe/raBaeMoro no ceTH, 
h 3 aTeM /i,o 6 aBHjiH cbohctbo FileStream. Length b okho npocMOTpa OTaa/mima. Kaac/mni 
pa 3 npn nepexo/te k toukc ocraHOBa OTjia/mriK Bbi 30 BeT mcto/i, aocTyna get, KOTopbiii bo 
BH yTpeHHeii peaaii 3 aruiH BbinojiHHT ceTeBoii 3 anpoc k cepBepy pjm nojiyueHim TeKymeti 
fljuiHbi (jrafuia! 

A1 paam p it n 11 p>p\t o 6 pa 30 M, ecjiH mcto/p, uociyipa get 11 |)fpii.jiio/iii i KaKoii-TO iiooo'i- 
Hblii 3())()pCK'I', TO 3 TOT 3 (})<})eiCI liCCI'/pa 6 y/lCT BbinOJIHHTbCH npH / 10 C'I'H>KCIIP 1 IP PC)' 11C PT 
ocTaHOBa. HanpriMep, ecjiri mcto/p, poc'iyua get yiscaii'niiiacT oict'piik Raac/miii pa 3 bo 
BpeMH BbI 30 Ba, TO 3 TOT C'PCT'PIPK 6 y/P,CT KaaCAblH pa 3 y ISC'JP PI'I PI P 5 a P P>CCI Ha TOUKe OCTaHOBa. 
H 3 - 3 a 3thx noTeHn,iiajibHbix npodaeM Visual Studio no 3 BOjuieT OTKinouiiTb peacHM 
isp,i'Plicae 1 111 ii /1,./ im cbohctb, yKa 3 aHHbix b okhc npocMOTpa oraa/p/piiica. /fan stoto Bbide- 
pme Ko.viai iav Tools ► Options, b cnricKe OTKpbiBinerocH OKHa Options pacKpoiiTe BCTBb 
Debugging ► General h cdpocme cjma/KOK Enable Property Evaluation And Other Implicit 
Function Calls (piic. 10.1). OopaTinc BHiiMaHiie, 'no /mace o ik. iio'iuis TaKHM o 6 pa 30 M 
BblUHCaeHHH /!,./1 A CBOHCTBa, BCe paBHO MOaCHO OV/tCT aodaBHTb CBOHCTBO B OKHO npO- 
CMOTpa O'pjia/L'i 11 ica h ispy'i i iy 10 3 anycTHTb imi'Piic/ieiuiM, meaioiyii Mbimbio Ha aua'iKC 
BbiuHcaeHiiii b KoaoHKe Value OKHa npocMOTpa OTaa/mi-ma Visual Studio. 
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Options 


> Environment 






[> Projects and Solutions 



0 Ask before deleting all breakpoints 

A 

I> Source Control 



0 Break all processes when one process breaks 


t> Text Editor 



EH Break when exceptions cross AppDomain or managed/native boundaries (f 


a Debugging 

General 



0 Enable address-level debugging 


Edit and Continue 



EH Show disassembly if source is not available 


Just-In-Time 



0 Enable breakpoint filters 


Output Window 

= 


0 Enable the exception assistant 


Symbols 



0 Unwind the call stack on unhandled exceptions 


> IntelliTrace 



0 Enable Just My Code 


> Performance Tools 



EH Show all members for non-user objects in variables windows (Visual Ba 


> Database Tools 



0 Warn if no user code on launch 


> F# Tools 



EH Enable .NET Framework source stepping 


> HTML Designer 



0 Step over properties and operators (Managed only) 


> Package Manager 

— 




> SQL Server Tools 



0 Call strinq-conversion function on objects in variables windows 

V 

> TextTemplating 



L<J_ i _L _kJ 


r> Web Performance TestTools 

V 




Pmc. 10.1. HacTpoMKu OT/iaAHMKa Visual Studio 


MHMUMa/1l13aTOpbl o6l>eKTOB 1/1 KOJlJieKUHM 

Coa/uiiiiie o6beierac 3>a/i,aiiiie.Yi HeKOTopbix OTKpbiTbix cbohctb (hjih nojieii) — 'ipc3m>i- 
AafiHO pacnpocTpaHeHHaa onepaiiira. JXj ih ee ynpomeHira b C# npe/tycMOTpeH cneu.ii- 
ajibHbiii ciiHTaKCiic nuunna.TH3anHH oo'beiaa, HanpnMep: 

Employee e = new Employee() { Name = "Jeff", Age = 45 }; 

B 3tom BbipaaceHiiii a co3/taio o6bCKT Employee, Bbi3biBaa ero KOHCTpyKTop 6e3 na- 
paMeTpoB, n 3aTeM Ha3Haaaio OTKpbiTOMy CBoficTBy Name 3Haaemie Deff, a OTKpbiTOMy 
CBOHCTBy Age — 3HaueHiie 45. 3tot koa imenmueH cae/tyiomeMy KO/ty (b 3tom HCTpy/tHO 
y6e/tHTbca, npocMOTpeB IL-koa o6ohx (JppaiMemois): 

Employee e = new EmployeeQ; 
e.Name = "Jeff"; 
e.Age = 45; 

PeaabHaa isaii o/ia ot ciiHTaKcnca iiHiin,iiajni3aTopa o6beKTa coctoiit b tom, tio 
oh no3BOJiaeT nporpaMMiipoBaTb b KOHTeKCTe BbipaaceHiia, CTpoa (jjyHKiiiiii, KOTopbie 
y./iv'iiiiaiOT l iuTa6e./ip>i[(K"n> Ko/ta. HanpnMep, mojkho HanucaTb: 

String s = new EmployeeQ { Name = "Jeff", Age = 45 }.ToString() .TolIpperQ; 

B oahom Bbipaacemin a CKOHCTpyupoBaji o6beKT Employee, Bbi3Baji ero KOHCTpyKTop, 
IIHIILl,IiajIH3IipOBajI /I, I S3 OTKpbiTbix CBOHCTBa, BbI3BajI MCTO/I, ToStnillg, a 3aTeM MCTO/I, 
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ToUpper. C# Taicace no3BOJiaeT onycTHTb Kpyrjibie cko6kii nepeA OTKpbiBaiomeH (Juiryp- 
HOH CK06KOH, CC./III Bbl XOTHTC BbI3BaTb KOHCTpyKTOp 6)C3 liapa.VlCTpOli. /[.IM CJICAy IOIUCI'0 
4>parMeHTa reHepupyeTCH nporpaMMHbiii koa, HAeHTHHHbiii npeAbmymeMy: 

String s = new Employee { Name = "Deff", Age = 45 }.ToString() .TolIpperQ; 

Ecjih thii CBOHCTBa peajiH3yeT iiHTepcJieHC IEnumerable hah IEnumerable<T>, 
TO CBOHCTBO HBJIHCTCH KOAAeKH,HeH, a HHHI];HaAH3aU;Hfl KOAACKHUH HBAHeTCfl AO~ 
iio. niHioincii oncpaHiicii (a He aa.vieiiMiomcii). Hanpimep, nycTb iimcctcm cacavioiiicc 
oiipcACJieiine KJiacca: 

public sealed class Classroom { 

private List<String> m_students = new List<String>(); 
public List<String> Students { get { return m_students; } } 

public ClassroomQ {} 

} 

CiieAyromHH koa C 03AaeT ookcict Classroom h iiHimiiaAH3HpyeT kgaackhiiio Stu¬ 
dents: 

public static void M() { 

Classroom classroom = new Classroom { 

Students = { "Deff", "Kristin", "Aidan", "Grant" } 

}J 


// BbiBecTM nMeHa 4 CTyfleHTOB, Haxoflnmnxcn b K/iacce 
foreach (var student in classroom.Students) 
Console.WriteLine(student); 

} 


Bo BpeMH KOMmiAHIlIIH 3TOTO KOAA KOMnHAHTOp yBHAHT, TIC) CBOHCTBO Students 
HMeeTran List<String> hhto 3totT impeaAH3yeTHHTepcjieiiC IEnumerable<String>. 
KoMnHAATop npeAnoAaraeT, [ ito THn List<String> iipcAOCTait'iHeT mctoa c iimchcm 

Add (nOTOMy HTO 6oAbIHIIHCTBO KJiaCCOB KOAACKHHH npeAOCTaBAHeT MeTOA Add AAH 
/i,o6ai:./ieiiiiH oacmciitoh b K'o. ; i./ieiaiii io). 3aTeM komiihahtop creHepupyeT koa aah bh- 
30Ba MeTOAA Add icoaackuhh. B pe3yAbTaTe npeACTaBJieHHbiii koa 6yAeT npeo6pa30BaH 
KOMraiAHTopoM b CAeAyromnii: 

public static void M() { 

Classroom classroom = new ClassroomQ; 
classroom.Students.Add("left"); 
classroom.Students.Add("Kristin"); 
classroom.Students.Add("Aidan"); 
classroom.Students.Add("Grant"); 

// BbiBecTu nMeHa 4 CTyfleHTOB, Haxoflflmnxcn b K/iacce 
foreach (var student in classroom.Students) 

Console.WriteLine(student); 

} 
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Ecjih THn CBOHCTBa pcajmaycT hf rrcpf))eiic IEnumerable hjih IEnumerable<T>, ho 
H e iipe,yiaracT mcto/i Add, Tor/pi KOMim. iaiop He pa3peuiHT Hcnojib30BaTb CHHTaKCHC 
HHHpHajiHsapHH KOjuieKuiiH .yui /i,o6aii./iemia luie.vtem a b kojijickuh 10 , bmccto 3Toro 
KOMniuiHTop BbiBeaeT TaKoe coo6meHHe (omn6Ka CS 0117 : System. Collections . 
Generic. IEnumerable<string> He conepacHT onpeAeneHira jyw Add): 

error CS0117: ’System.Collections.Generic.IEnumerable<string>’ does not 

contain a definition for 'Add' 

HeKOTopbie MCTO/iyi Add npiiHHMaiOT pa3JiHUHbie apryMeHTbi. I lanpiiMcp, bot mcto/i, 
Add KJiacca Dictionary: 

public void Add(TKey key, TValue value); 

ITpiI HHHUHajIH3aU:HH KOJIJICKUHH MeTO/ty Add M05KH0 nepenaTb HCCKOJIbKO apryMCH- 
tob, yyra nero iicii(). ; ii>3vcTCfi ckhthkchc c cjiiirypiibiMn cia)6i<a.vm: 

var table = new DictionarycString, Int32> { 

{ "Jeffrey", 1 }, { "Kristin", 2 }, { "Aidan", 3 }, { "Grant", 4 } 

}; 

3to paBHOCiuibHO cjieayiomeMy Kony: 

var table = new DictionarycString, Int32>(); 
table.Add("Jeffrey", 1); 
table.Add("Kristin", 2); 
table.Add("Aidan", 3); 
table.Add("Grant", 4); 


AHOHHMHbie TUnbl 

MexaHH3M aHOHIIMHbIX THnOB B C# 1I03B0JI A CT aBTOMaTHHCCKII o6bHBIITb KOpTejKHblH 
Tim npn noMomii npocToro ciiHTaKCHca. KopmeoKnuu mun (tuple type) 1 — sto THn, 
KOTOpblli CO/iepaCHT KOJIJieKUHK) CBOHCTB, KaKHM-TO o6pa30M CBH3aHHbIX Apyr c Apy- 
roM. B nepBoii CTpoue cneAyiomero nporpaMMHoro Kona h onpenejiHio Kjiacc c AByMH 
CBOiicTBaMH (Name THna String h Year THna Int32), co3A,aio 3K3eMnjnip 3Toro THna 
h naana'iaio CBoiicTBy Name 3HaueHHe left, a CBoiicTBy Year — aiia'temie 1964. 

// OnpeAe/ieHne Tuna, co3flaHne cymHOCTu n uHuunaAnaapufl cbomctb 
var ol = new { Name = "Jeff", Year = 1964 }; 

// BblBOfl CBOHCTB Ha KOHCOAb 

Console.WriteLine("Name={0}, Year={l}", ol.Name, ol.Year); // Bbiboamt: 

// Name=Jeff, Year=1964 

3/i.ecb coa/piCTCM aHOHHMHbrii THn, noTOMy hto He 6 f>i.i onpcACJien THn n.viemi nocne 
cnoBa new, thkhm o6pa30M, KOMniuiaTop airroMaTmiccicn coa/piCT n m a THna, ho He co- 


1 TepMHH «tuple» bo3hhk KaK «o6o6meHue» nocaienoBaTejiBHocTi-i: single, double, triple, 
quadruple, quintuple, n-tuple. 
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o 6 maeT Kaicoe oho (iiooTO.vty Tim h Ha3BaH aHOHiiMHbiM). Hcnojib30BaHiie CHHTaKcnca 
HHHUHajiH3auHH o 6 beKTa o 6 cyayi,ajiocb b npeAbmymeM pa3/i,ejie. HTaK, h, KaK pa3pa6oT- 
HIIK, He HMCIO nOHHTIIH 06 HMeHH Tima Ha 3Tane KOMniTAAHHH II He 3HaiO, C KaKIIM TimOM 
6)P>i. : ia oo'bHii. iena nepeMeniiaM ol. O.iiiaKO npo6jieMbi 3 acci> HeT — h Mory ncnojib30BaTb 
MexaHH3M HeHBHOfi THnH3ai],HH JIOKajIbHOfi nepeMeHHOH, O KOTOpOM TOBOpHTCH b rjia- 
Be 9, hto6m KOMnHjiHTop o i ipcACJi h. : i THn no i!i.ipa>Kcmno b npaBofi 'tacni onepaTopa 
npi icb ai ib am-m (=). 

HTaK, nocMOTpiiM, hto ace aeficTBiiTejibHO ACAaeT KOMmiJiHTop. 06paTHTe BHiiMamie 

Ha cjieAyromiiH koa: 

var o = new { propertyl = expressionl, ..., propertyN = expressionN }; 

Kor/ia Bbi mimeTe 3 tot koa, icom iiHAS-nop oippcacahct Tim KaacAoro BbipaaceHim, 
C03AaeT 3aKpbiTbie iio.im sthx THnoB, aah KaacAoro THna iio.im co3AaeT OTKpbiTbie cboh- 
CTBa TOAbKO AAH 'ITCUIIM H j\J\H BCex 3THX ISbipa/ICCimii C03AaeT KOHCTpyKTOp. Koa koh- 
CTpyKTopa iffliiH,iiajiH3iipyeT 3aKpbiTbie iio.im to.h<i«) aah 'itciium nyTeM isbi'mcjiemiM 
pe3y.H)'i np\Tomnx .siia'ieuiiii. B aoiio. iikmiiic k otomv, KoivmiiAHTop nepeonpeAeAneT 
MeTOAbi Equals, GetHashCode h ToStning o6beKTa h reHepiipyeT koa isiiyipii Bcex 
3 thx MeTOAOB. Knacc, co3AaBaeMbifi komiiiuhitopom, m.ir.;i3/i,uT c. : ie/i,yiomiiM o6pa30M: 
[CompilerGenerated] 

internal sealed class of_AnonymousType0<... >: Object { 

private readonly tl fl; 

public tl pi { get { return fl; } } 


private readonly tn fn; 

public tn pn { get { return fn; } } 

public of_AnonymousType0<... >(tl al, ..., tn an) { 

fl = al; ...; fn = an; // Ha3HaHaeT Bee no/ia 

} 

public override Boolean Equals(Object value) { 

// Bo3BpamaeT false, ec/in KaKine-/in6o no/is He coBnaflaiOT; 

// MHane B03BpainaeTcn true 

} 

public override Int32 GetHashCode() { 

// Bo3BpamaeT xeiu-KOfl, creHepkipoBaHHbiii m 3 xem-KOflOB no/ieii 

} 

public override String ToStringQ { 

// Bo3BpamaeT napbi "name = value", pa3fle.neHHbie TOHKaMut 

} 

} 

KoMmiAHTop reHepiipyeT mctoapjP Equals h GetHashCode, hto6m oicse.\iii.i:>ipp>i aHO- 
HiiMHoro Tima Morn pa3MemaTbCH b xem-Ta6Aimax. Heii3MeHneMbie CBoficTBa, b otahhitc 
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OT CBOHCTB AAH UTeHIIH H 3anHCH, nOMOraiOT 3aiIIHTHTb XeiH-KOA odbCKTa OT H3MeHeHHH. 
H3MeHeHiie xein-KOAa odbCKTa, iicnoAb3yeMoro b ica'iecnsc ic.iiOMa b xem-Ta6. : inuc, mo- 
aceT noMemaTb HaxoacAemno o6beKTa. KoMniiAHTop reHepiipyeT mctoa ToString aah 
ynpomeHiia OTjia/iKH. B OTAaAuince Visual Studio moischo HaBecTH yica3aTeAb mmihh Ha 
nepeMeHHyio, CBH3aHHyio c aicacMii.iapoM aHOHiiMHoro Tuna, h Visual Studio Bbi30BeT 
mctoa ToStning h noKaaceT pe3yjibmpyiomyio CTpoKy b OKHe noACKa3Kii. KcTaTH, 
IntelliSense-OKHO b Visual Studio 6y/icx npe^aaraTb HMeHa cbohctb b npoiiecce Ha- 
iiHcanua KO/ta b pe/uiicrope — o>icn i> nojie3HaH (jivmauiH. 

Ko.viiiii. : imto|) noAAepacimaeT /psa AonoAHHTeAbHbix BapnaHTa ciiHTaiccHca odbHBJie- 
hhh CBoiicTBa BHyTpn aHOHiiMHoro Tima, tac Ha ocHOBaHHH nepeMCHHbix onpeACAHiOTCH 
HMeHa h Timbi cbohctb: 

String Name = "Grant"; 

DateTime dt = DateTime.Now; 

// AHOHHMHblii Tun C flByMfl CBOMCTBaMkl 

// 1. CTpoKOBOMy CBoiiCTBy Name Ha3HaneH0 3HaseHne Grant 
// 2. CBoiiCTBy Year Tuna Int32 Year Ha3HaseH roa n3 dt 
var o2 = new { Name, dt.Year }; 

B /taHHOM npiiMepe fcomihiamtop oiipe/uvuiCT, tio nepBoe cbohctbo aoa ac iio Ha- 
3biBaTbca Name. Tax fchfc Name — sto hmh jioKajibHoii nepeMeHHoii, to KOMniiJiHTop 
ycTaHaBJiiiBaeT a.iiaaemie THna CBoiicTBa aiiaxiom'iiiom THny jioKajibHoii nepeMeHHoii, 
to ecTb String, /[am BToporo CBoiicTBa KOMmijiHTop ncnojib3yeT hmh iio.i n/cnoiicTua: 
Year. Year — cbohctbo KJiacca DateTime c TraiOM Int32, a cjic/lo na iexip> 11 r>, cbohctbo 
Y ear b aHOHHMHOM Time 6 vact ornocn i bCM k THny Int32. Koiypt KOMniuiHTop co::yi,acT 
0K3e.\ni. ; iM|) aHOHiiMHoro THna, oh iia.sna'iacT 3icse.Mii.iMpy Name cbohctbo c tcm ace 3Ha- 
ueHiieM, uto h y jioKajibHoii nepeMeHHoii Name, Tax uto cbohctbo Name 6ya,eT CBH3aHO 
co CTpoKoii Grant. KoMim. : uiTop iia.iiiamn cisoiicTisy .3icse.Mii.iMpa Year to ace ananeime, 
hto h B03BpamaeMoe .siia'ieime H3 dt CBoiicTBa Year. 

KOMniUIHTOp O'KTIb pa3yMHO m.lMCIIMCT aHOHHMHblii THn. EcjIH KOMnHJIHTOp ISN/UIT, 
ti o Bbi onpe/iejiHjiH MHoacecTBO aHOHiiMHbix TimoB c h/ici fTHHHbi mh CTpyKTypaMii, 
to oh co3AaeT oaho onpeAejieHiie aah aHOHiiMHoro THna h MHoacecTBO 3K3eMnjiapoB 
3toto THna. 11oa oahhakoboh CTpyKTypod h noApa3yMeBaio, tio aHOHHMHbie THnbi 
HMCIOT OAHHaKOBbie THn H IIMM KaaCAOTO CBOHCTBa H TI O 3TH CBOHCTBa ()lipe/l,Cjl(Tlbl 
b OAUHaKOBOM nopnAice. B KOAe H3 npiiBeAeHHoro iipii.Yicpa Tim nepeMeHHoii ol h Tim 
nepeMeHHoii o2 o/piiiaKoii, Tax icaic b aisvx CTpoKax KOAa oiipcAC.ien aHOHHMHblii THn co 
CBOiicTBOM Name/String h Year/Int32, n Name ctoht nepeA Year. 

Pa3 Abe nepeMeHHbie othochtch k OAHOMy THny, OTicpbibacTCM Macca nojie3Hbix bo 3- 
MoacHOCTeii — Hanpimep, npoBepiiTb, coAepacaT aii Asa odbeKTa OAimaicoBbie 3HaueHiiH, 
h npucBOiiTb ccbiAKy Ha oahh 00'bCKT nepeMeHHoii Apyroro oobeicra: 

// CoBnaaeHne TiinoB no3BonfieT ocyuiecTBiiHTb onepapnn cpaBHeHUB n npncBanBaHUB 
Console.WriteLine("Objects are equal: " + ol.Equals(o2)); 
ol = 02; // flpucBanBaHne 
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Pa3::)[ 11 THnbi n;i.cm iriiip,i, to Moamo coa/pai'b Macci-iB hbhmx thiiob h 3 aHOHiiMHbix 
titiiob (o MaccHBax cm. i . ipi ipy 16): 

// 3to pa6oTaeTj TaK KaK Bee o6beKTbi MMeio oahh aHOHMMHbiPi Tun 
var people = new[] { 

ol, // Cm. paHee b stom pa3fle/ie 

new { Name = "Kristin", Year = 1970 }, 

new { Name = "Aidan", Year = 2003 }, 

new { Name = "Grant", Year = 2008 } 

}; 

// 0praHH3aLpna nepe6opa MaccuBa aHOHUMHbix TunoB 
// (K/iioaeBoe chobo var o6a3aTe/ibHo). 
foreach (var person in people) 

Console.WriteLine("Person={0}, Year={l}", person.Name, person.Year); 

AHOHIIMHbie THnbi o6bIUHO HCnOJIb3yK>TCH C TeXHOJIOriiefl H3bIKa IIHTerpiipOBaHHbIX 
3anpocoB (Language Integrated Query, LINQ), icoi/pa b pe3yjibTaTe BbinoAHemra 3anpo- 
ca coa/pacTCM k().i. : ickuiim odneKTOB, otiiocmiiuixcm k OAHOMy aHOHiiMHOMy rany, nocne 
uero iipoiiaiio/uiTCH o6pa6oTKa odneKTOB b no.iy'feimoii koaackhhh. Bee 3 to ACjiacTcn 
b oahom .viCTO/pc. B c.;ie;pyioine.\i npiiMepe Bee cfiauAbi H3 nanKH c mohmii /poKVMcmaMii, 
KOTopbie 6bijiH H3MeHeHbi b iioc./ic/piilie ceMb /pneii: 

String myDocuments = 

Environment.GetFolderPath(Environment.SpecialFolder.MyDocuments); 
var query = 

from pathname in Directory.GetFiles(myDocuments) 
let LastWriteTime = File.GetLastWriteTime(pathname) 
where LastWriteTime > (DateTime.Now - TimeSpan.FromDays(7)) 
orderby LastWriteTime 

select new { Path = pathname, LastWriteTime }; 

foreach (var file in query) 

Console.WriteLine("LastWriteTime={0}, Path={l}", 
file.LastWriteTime, file.Path); 

3i(3Cmii.th|)I)I aHOHiiMHoro Tima He AOAacHbi BbixoAHTb 3a iipc;pe.TP)i .vicro/pa. B npo- 
TOTime .vic'io/pa He MoaceT coAepacaTbcn napaMeTp AHOHiiMHoro Tima, TaK KaK aa/par b 
aHOHHMHbiH Tim iieiio.'SMO'/KTio. IIo TOMy ace npiiHuimy mctoa He MoaceT B03BpaupaTb 
ccbuiKy Ha aHOHHMHbiH THn. Xoth .9K3e.vm.TFip aHOHiiMHoro Tima MoaceT HHTepnpeTH- 
poBaTbCH KaK Object (Bee aHOHHMHbie in p i p>i mip.tmiotcti npo h3boahmmh ot Object), 
npeo6pa30BaTb nepeMeHHyio THna Object odparao k aHOHiiMHOMy Timy HeB03M0acH0, 
noTOMy uto hmh aHOHiiMHoro THna Ha o iaiic komiiii.tmiui ip Heii3BecTHO. /[./m nepc/pa'Pii 
KopTeacHoro Tima caeAyeT Hcnojib30BaTb Tim System.Tuple, o kotopom peub hact 
b caeAyiomeM pa3Aeae. 

Tun System.Tuple 

B npocTpaHCTBe u.vieii System onpeAeaeHO HecKOJibKO o6o6npeHHbix KopTeacHbix TnnoB 
(bcc ohh HacAeAyiOTCH ot Knacca Object), KOTopwe OTAiiuaiOTCH KoanuecTBOM o6o6iueH- 
Hbix napaMCTpoB. npimeAy i [aiiooucc npocTyio h iipiipoo.tcc c.to>kti\to (j)op.vi bi 3arincH. 
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// npocTaa c|)opMa: 

[Serializable] 
public class Tuple<Tl> { 
private T1 m_Iteml; 

public Tuple(Tl iteml) { m_Iteml = iteml; } 
public T1 Iteml { get { return m_Iteml; } } 

} 

// C/ioxHaa <j)opMa: 

[Serializable] 

public class TuplecTl, T2, T3, T4, T5, T6, 17, TRest> { 
private T1 m_Iteml; private T2 m_Item2; 
private T3 m_Item3; private T4 m_Item4; 
private T5 m_Item5; private T6 m_Item6; 
private T7 m_Item7; private TRestm_Rest; 

public Tuple(Tl iteml, T2 item2, T3 item3, 

T4 item4, T5 items, T6 item6, 17 item7, TRest t) { 

m_Iteml = iteml; m_Item2 = item2; m_Item3 = item3; m_Item4 = item4; 
m_Item5 = items; m_Item6 = item6; m_Item7 = item7; m_Rest = rest; 

} 


public 

T1 

Iteml 

{ 

get 

{ 

return 


Iteml; 

} 

} 

public 

T2 

Item2 

{ 

get 

{ 

return 

m_ 

_Item2; 

} 

} 

public 

T3 

Item3 

{ 

get 

{ 

return 

m _ 

_Item3; 

} 

} 

public 

T4 

Item4 

{ 

get 

{ 

return 

m _ 

_Item4; 

} 

} 

public 

T5 

Items 

{ 

get 

{ 

return 

m_ 

Items; 

} 

} 

public 

T6 

Item6 

{ 

get 

{ 

return 

m _ 

_Item6; 

} 

} 

public 

T7 

Item7 

{ 

get 

{ 

return 


_Item7; 

} 

} 

public 

TRest Rest 

{ get 

{ return 

m_Rest 

i 

} } 


} 


KaK h o6i>eKTbi aHomiMHoro rana, ookckt Tuple coa/iacTC/i 0/1,11 n pa3 h ocTaeTca 
HeiiMeHHbiM (Bee CBoiiCTBa /lOCTymiiii tojh>ko /i/i/i 'nemi/i). H He npiiBoacy cootbct- 
CTByiomiix npiiMepoB, ho K/iaccbi Tu pie TaiGKe n03B0JIHI0T IICn0JIb30BaTb MeTOUbl 
CompareTo, Equals, GetHashCode h ToString, KaK h cbohctbo Size. K TOMy ace Bee 
Timbi Tuple pea/iH3yiOT HHTepcjieHCbi IStructuralEquatable, IStructuralComparable 
h IComparable, noaTOMy bbi MoaceTe cpaBHimaTb ,a,Ba o6beKTa nma Tuple npyr c npy- 
TOM H CMOTpeTb, KaK HX I [0/1 /I CpaBHIIBaiOTCJI. /[/I/I /ICTa/lbllOI'O 113V MCI HIM 3THX MCT 0 / 1 <)li 
h HHTepcjieiiCOB nocMOTpHTe /loicyMeinannio SDK. 

npiiBe/iy npiiMep MCTOna, iicno/ib3yiomero Tim Tuple /yia B03BpameHim AByx nacTeii 
HH(|)OpMaU:HH B BbI3bIBaK>mHH MCTO/1. 

// Bo3BpamaeT mmhumym b Iteml u MaKCKMyM b Item2 
private static Tuple<Int32, Int32>MinMax(Int32 a, Int32 b) { 
return new Tuple<Int32, Int32>(Math.Min(a, b), Math.Max(a, b)); 

} 

// npuMep BbiBOBa MeTOfla n ncno/ibBOBaHua Tuple 
private static void TupleTypes() { 
varminmax = MinMax(6, 2); 


npodojiMemie & 
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Console.WriteLine("Min={0}, Max={l}", 

minmax.Iteml, minmax.Item2); // Min=2, Max=6 

} 

Kohchho, 0 'K‘iii. BaacHO, hto6h h npoH3BOHHTeab, h noTpe6HTejib Tima T uple n.vic.'i 11 
mctkoc npencTaBJieHiie o tom, hto 6ya,eT B03BpamaTbCH b CBOHCTBax Item#. C aHorniM- 
HbiMH THnaMH CBoficTBa nojiynaiOT neHCTBHTeabHbie HMeHa Ha ochobc nporpaMMHoro 
Kona, oiipe/tc.iMiomero aHOHiiMHbiii Tim. C THnaMH Tuple CBOiicTBa iio.iyTaiOT hx u.viena 
aBTOMaTHnecKH, h bbi He motkctc hx M.a.vieimTb. K nectacTbio, oth HMeHa He mmofot Ha- 
CTOMinem 3HaneHHH h CMbicjia, aaamicin ot iipoHiiKi/urrc./iH h iiOTpcomc.iM. 3 to laioicc 
yxy/unacT Mui afie. ibnoc i b Kona h yn,o6cTBO ero conpoBoacneHim, TaK hto bh noaacHbi 
/yjoaii./iMTi) KOMMeHTapim k KO/ty, hto6m oniisinim b, hto iimchho npouaiiO/Hne.ib/no- 
'[peoi'i'ic.ib HMeeT b bu/yy 

KoMim.'IMTOp M07KCT TOJIbKO I FOApa.3y MCFiaTh o6o6meHHbIH THn BO I i pc MM BbI30Ba 
o6o6meHHoro MCTO/ia , a He Torna, Korna bh Bbi3biBaeTe KOHCTpyKTop. B cmiy otoh npn- 
hhhh npocTpaHCTBO hmch System conepaciiT c'laiiiaecKmi Heo6o6meHHbifi Kaacc Tuple 
c Ha6opoM CTai u'iccKiix MeTOAOB Create, KOTopbie MoryT onpenejiHTb o6o6meHHbie 
Timbi no apryMeHTaM. 3 tot KJiacc /teiicTnycT KaK <))a6puica no npoii3BOACTBy o6beKTOB 
Tima Tuple h cymecTByeT npocTO ahh ynpoinenna Bamero ico/ia. Bot iiepemicamiaii 
c Hcnojib30BaHiieM CTai u'iecKoi o KJiacca Tuple Bepcua mcto/ia MinMax: 

// Bo3BpamaeT MKHWMyM b Iteml n MaKcnMyM b Item2 

private static Tuple<Int32, Int32>MinMax(Int32 a, Int32 b) { 

return Tuple.Create(Math.Min(a, b), Math.Max(a, b)); // ynpomeHHbiii 

// CMHTaKCMC 

} 

l Ito6i>i co3AaTb Tim Tuple c oo.tcc, mcm BOCbMbio ajic.viemaMii, nepe/taiiTe npyroii 
o6beKT Tuple b napaMeTpe Rest: 

var t = Tuple.Create(0, 1, 2, 3, 4, 5, 6, Tuple.Create(7, 8)); 

Console.WriteLine("{0}, {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}", 
t.Iteml, t.Item2, t.Item3, t.Item4, t.Items, t.Item6, t.Item7, 
t.Rest.Iteml.Iteml, t.Rest.Iteml.Item2); 


nPMMEHAHME 

KpoMe aHOHMMHbixu KopTexHbixTunoB, CTOMTnpwcMOTpeTbca KKiiaccy System.Dynamic. 
ExpandoObject (onpefleaeHHOMy b cbopKe System.Core.dll assembly), npu wcno/ib30Ba- 
hmm aToro K/iacca c AMHaMnnecKMM TianoM C# (o kotopom roBopmca b maBe 5) nonB/iseTca 
APyroti cnocob rpynnnpoBKM HabopoB cbomctb (nap KmoH-3HaHeHue) BMecTe. lloayHeH- 
hwm b pe3y/ibTaie Tnn He o6nap,aej 6e3onacHOCTbio TwnoB Ha cjapy\v\ KOMnn/wLinn, 3aTO 
CMHTaKCMC BbirnnAMT ot/imhho (xotm bu /lnujaeTecb noAAepxKM IntelliSense), a obbeKTbi 
ExpandoObject MoryT nepeAaBaTbcn mokay C# m t8kmmm AMHaMnnecKMivin n3biKaMn, xax 
Python. llpMMep koa3 c Mcnoab30BaHMeM obbexia ExpandoObject: 

dynamic e = new System.Dynamic.ExpandoObject(); 
e.x = 6; // flo6aBneHne CBOMCTBa 'x' Tuna Int32 

// co 3HaneHneM 6 
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e.y = "Jeff"; // Ao6aBAeHne cBoiicTBa 'y' CTpoKOBoro Tuna 
// co 3Ha4eHneM "Jeff" 

e.z = null; // flo6aB/ieHne cBoiicTa ' z‘ o6beKTa 
// co 3Ha4eHneM null 

// npocMOTp Bcex cbomctb n Apyrnx 3HaieHMii 
foreach (var v in (IDictionary<String, Object>)e) 

Console.WriteLine("Key={0}, V={1}", v.Key, v.Value); 

// yflaneHne cBoficTBa 'x' m ero 3HaHeHnfl 
van d = (IDictionary<Stringj Object>)e; 
d.Remove("x"); 


CeoMCTea c napaMeTpaMn 

y cbohctb, paccMOTpeHHbix b npeAMAymeM pa.3ACAC, MeTOAbi AOCTyna get He npiiHii- 
MaiiH napaMeTpbi. IIoaTOMy a Ha3biBaio hx ceoucmetmu 6e3 naptmempoe (parameterless 
properties). Ohii npome, TaK KaK hx Hcnojib30BaHiie HanoMimaeT o6pameHiie k noaio. 
IIOMHMO T3KHX <"'11 C). : ICo6pa3 11 l.l Xi> CBOHCTB, M31)1 K I P npOrpaMMIipOBaHIIH I POAACpMCI-1 IHI IO P 
to, hto a Ha3biBaio ceoucmeciMU c napciMempaMU (parameterful properties). Y TaKHx 
CBOHCTB MeTOAbi AOCTyna get nojiypaio'i oahh hah HecKOAbKO napaMeTpoB. Pa3Hbie 
H3biKii iiOAAcp'/Kiiiiaio'i CBoiicTBa c napaMeTpaMii no-pa3HOMy. KpoMe toto, b pa3Hbix 
H3biKax CBoiicTBa c napaMeTpaMii Ha3bmaiOT no-pa3HOMy: b C# — HHAeKcaTopbi, b Visual 
Basic — ceoucmea no yMomamno. 3Aecb a ocTaHOBAiocb Ha noAAepatKe undeKcamopoe 
b C# Ha ocHOBe cbohctb c napaMeTpaMii. 

B C# cHHTaKCHc cbohctb c napaMeTpaMH (iiHAeKcaTopoB ) HanoMimaeT cHHTaKcnc 
MaccriBOB. M11 a 1 pc roBopa, HHAeKcaTop moacho npeACTaBHTb KaK cpeACTBO, no3BOAaio- 
mee pa3pa6oTmiKy Ha C# neperpyacaTb onepaTop [ ]. B CAeAyiomeM npHMepe KAacc 
BitArray no3BOAaeT HHAeKCiipoBaTb Ha6op 6htob, noAAepacHBaeMbiH 3K3eMnAapoM 
THna, c HcnoAb30BaHiieM criHTaKCHca Maccima: 

using System; 

public sealed class BitArray { 

// 3aKpblTblki 6aiiT0Bblkt MaccuiB, xpaHMinnii 6nTbl 
private Byte[] m_byteArray; 
private Int32 m_numBits; 

// KoHCTpyKTopj BbiAe/ifliomMn naMBTb aar 6aiiTOBoro MaccuiBa 
// n ycTaHaB/iMBapoiipnii Bee 6nTbi b 0 
public BitArray(Int32 numBits) { 

// HainHaeM c npoBepxn apryMeHTOB 
if (numBits <= 0 ) 

throw new ArgumentOutOfRangeException("numBits must be > 0 "); 

// COXpaHMTb HHC/10 6lITOB 
m_numBits = numBits; 

// BbifleypniTb 6aiiTbi aar MaccuBa 6 htob 

npodojincenue & 
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m_byteArray = new Byte[(numBits + 7) / 8]; 

} 

// HHfleKcaTop (cBodcTBo c napaMeTpaMn) 
public Boolean this[Int32 bitPos] { 

// MeTOfl floCTyna get MHfleKcaTopa 
get { 

// CHauana Hy>KHO npoBepuTb apryMeHTbi 
if ((bitPos < 0) || (bitPos >= m_numBits)) 

throw new ArgumentOutOfRangeException("bitPos"); 

// BepHyTb cocTOBHue MHfleKCupyeMoro 6nTa 

return (m_byteArray[bitPos / 8] & (1 << (bitPos % 8))) != 0; 

} 

// MeTOfl floCTyna set MHfleKcaTopa 
set { 

if ((bitPos < 0) || (bitPos >= m_numBits)) 
throw new ArgumentOutOfRangeException( 

"bitPos", bitPos.ToStringQ); 
if (value) { 

// yCTaHOBMTb MHfleKCMpyeMblPi 6mt 
m_byteArray[bitPos / 8] = (Byte) 

(m_byteArray[bitPos / 8] | (1 << (bitPos % 8))); 

} else { 

// C6pOCMTb MHfleKcupyeMbiii 6ht 
m_byteArray[bitPos / 8] = (Byte) 

(m_byteArray[bitPos / 8] & ~(1 << (bitPos % 8))); 

} 

} 

} 

} 


Hcnojib30BaTb niMCKcaTop rana BitArray HCBeponTHO npocTo: 

// Bbifle/inTb MaccuB BitArray, KOTopbid MOxeT xpaHUTb 14 6 mt 
B itArray ba = new BitArray(14); 

// ycTaHOBMTb Bee ueTHbie 6nTbi BbBOBOM MeTOfla floCTyna set 
for (Int32 x = 0; x < 14; x++) { 
ba[x] = (x % 2 == 0); 

} 

// BbiBecTin cocTOBHue Bcex 6 mtob BbBOBOM MeTOfla floCTyna get 
for (Int32 x = 0; x < 14; x++) { 

Console.WriteLine("Bit " + x + " is " + (ba[x] ? "On" : "Off")); 

} 

B Time BitArray nii/ieKcaxop npiimiMaeT o/nni napaMC'ip bitPos Tima Int32. 
y Kaacnoro imueKcaTopa noiiaceH 6biTb xoth 6 m ohhh napaMeip, ho napaMeipoB MoaceT 
6biTb h 6ojibine. Tun iiapa.YiCTpois (KaK h Tim B03BpamaeMoro .iiia'iemia) mo>kct 6biTb 
jho6mm. IIpiiMep iiiiAeiccaTopa c HecKOJibKHMii iiapa.vteTpa.viH moscho naii™ b Kiiacce 
System.Drawing.Imaging.ColorMatrix H3 c6opiciiSystem.Drawing.dll. 
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Mii;i,ci(ca'['opi,i aoiso. ii.no a aero coaaaiOTCH a ah noncKa aiia'iemiii b accoHiiai HmioM 
Maccime. Tun System.Collections.Generic.Dictionary npeaaaraeT imaeKcaTop, 
KOTopbni npiiHiiMaeT ic. iioa h B03BpamaeT CBH3aHHoe c k. iiomom ana'i curie. B omri'ine 
ot cbohctb 6e3 napaMeTpoB, run mo/icct rio/i/i,ep>K 11 ir;i:r p> Miio/icccmo neperpyaceHHbix 
HH/ieKcaTopoB npn ycaomin, 'no hx curaaTypbi paaari aiibi. 

I1oao6ho MeTO/i,y AocTyna set CBoiicTBa 6e3 napaMeTpoB, mctoa AOCTyna set iiHaeK- 
caTopa coaepaciiT cKpbiTbifi napaMeTp (b C# ero Ha3biBaiOT value), KOTopbiii yKa3biBaeT 
HOBoe aiianeiine «HHaeKCHpyeMoro ojie.viciiTa^. 

CLR He pa3.;iii'iae'[' CBoiicTBa 6e3 napaMeTpoB h c napaMeTpaMH. JXj ih cpeabi a 1060c 
CBoiicTBO — 3to Bcero jniiHb napa mctoaob, onpeaeaeHHbix BHyTpn Tima. KaK yace OTMe- 
najiocb, b paisa imibix H3bncax ciiHTaKcuc coaaamia h riciiOAbiioisaima cbohctb c napaMe¬ 
TpaMH pa3Hbiii. Hcnoab30BaHiie aha imaeKcaTopa b C# KOHcrpyKiiHH this [... ] — Bcero 
jiiimb peinemie, iiprumToe coa./yne.aaMii H3bi ica, oisiia'iaiomec, 'no b C# imaeKcaTopbi 
MOryT OnpeACJIHTbCH TOAbKO A AH OICSC.YIIIAMpol! o6bCKTOB. B C# HeT CHHTaKCHCa, n03B0- 
junomero pa3pa6oTHHKy onpeaeaHTb craTHCTHHecKoe CBOHCTBO-iiHAeKcaTop HanpHMyio, 
xoth Ha caMOM aeae CLR noaaepacHBaeT craTri'iccKric CBoiicTBa c napaMeTpaMH. 

1 locKO. ibKy CLR o6pa6aTbiBaeT CBoiicTBa c napaMeTpaMH h 6e3 hiix o/uniaKoiso, 
KOMniuiHTop reHepupyeT b htotoboh ynpaBaneMOH c6opKe ana hjih Tpn .oac.vtema 113 
caeayiomero cnucKa: 

□ mctoa get cbohctba c napaMeTpaMH reHepupyeTCH TOAbKO b tom caynae, ecan 
y CBOHCTBa onpeaeaeH mctoa aocTyna get; 

□ mctoa set CBoiicTBa c napaMeTpaMH reHepupyeTCH ToabKO b tom caynae, ecan 
y CBOHCTBa onpeaeaeH MeToa aocTyna set; 

□ onpeaeaemie CBoiicTBa b MCTaaaHHbix yiipanaacMon) Moayaa reHepupyeTCH Bceraa; 
b MeTaaaHHbix hct OTaeabHoii Ta6amibi aah xpaHcnriH onpeaeaeraiH cbohctb c na¬ 
paMeTpaMH: Beab aaa CLR CBoiicTBa c napaMeTpaMH — npocTO CBoiicTBa. 

KoMnnaHUHH noKa3aHHoro paHee imaeKcaTopa Tima BitArray npoiicxoaHT TaK, KaK 
ecan 6bi oh hcxoaho 6 bia HanucaH caeayiomiiM o6pa30M: 
public sealed class BitArray { 

// MeToa aocTyna get uHfleKcaTopa 

public Boolean get_Item(Int32 bitPos) {/*...*/} 

// MeToa aocTyna set wHfleKcaTopa 

public void set_Item(Int32 bitPos, Boolean value) {/*...*/} 

} 

KoMmianTop amo.via'rri'iecKri reHepupyeT HMCHa .-mix mctoaob, /tooainma k UMenu 
undeKcamopa iipcxjiriKC get_ nan set_. IIocKoabKy CHHTaKCHC imaeKcaTopoB b C# He 
no3BoaaeT pa3pa6oTHHKy 3aaaBaTb hmh imaeKcaTopa, C03aaTeanM KOMnnaHTopa C# 
npiiinaocb ca.viocTOHTeabiio Bbi6paTb hmh aah mctoaob aocTyna, h ohii Bbi6paan Item. 
I lo.9TO.vty HMCHa co3aaHHbix KOMnnaHTopoM mctoaob — get_Item h set_Item. 
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Ecjih b cnpaBOH:HOH noKyMeHTauiiH .NET Framework yica3aHO, hto thii no/utepacH- 
isaer cbohctbo Item, 3HauHT, /laHHbitr ran no/mepacHBaeT HH/teKcaTop. TaK, Tim System. 
Collections .Generic . List npenjiaraeT OTKpbiToe 3K3eMiuinpHoe cbohctbo Item, 
KOTopoe HBJiaeTCH HHaeKcaTopoM o6i>eKTa List. 

IIporpaMMiipyH Ha C#, bbi HiiKorna He vbh/ihtc hmh Item, noaTOMy Bbi6op ero 
KOMmiJIHTOpOM o6bIHHO He AOJIJKCH BbI3bIBaTb 6eCHOKOHCTBa. 0/11131(0 eCJIH Bbi pa.3“ 
pa6aTbiBaeTe nii/ieiccaTop /pin Tima, KOTopbiii ovact Hcnojib30BaTbca b nporpaMMax, 
HanucaHHbix Ha upynix aabiicax, isoomo/ktio, iipii/tcxo-i H3MeHHTb HMeHa mcto/i,ois ro - 
CTyna iiH/teKcaTopa (get h set). C# no3BOJuieT iicpeiiMCnoiiaTb oi n MCTO/mi, npHMemiB 
k HH/i,eKcaTopy nojib30BaTejibCKHH aTpnSyT System. Runtime. CompilerServices . 
IndexerNameAttribute. IIpHMep: 

using System; 

using System.Runtime.CompilerServices; 

public sealed class BitArray { 

[IndexerName("Bit")] 

public Boolean this[Int32 bitPos] { 

// 3flecb onpeae/ieH no KpaMHeti Mepe oamh MeTOA AOCTyna 

} 

} 

Tenepb komiiii.t/itop creHepupyeT bmccto mctoaob get_Item h set_Item MeTOAbi 
get_Bit h set_Bit. Bo BpeMH komhhjihphh KOMnn/UTTop C# o 6 HapyacHBaeT aTpH 6 yT 
IndexerName, KOTopbiii coo 6 m,aeT eMy, KaKiie HMeHa cnenyeT npHCBOHTb MeTO/taM 
h MCTa/i,amibiM cbohctb; caM no ce 6 e aipuoyT He mo no a acre a b MCTa.iamibie C 60 PKH 1 . 

I Ipime/ty (jiparMcm ico/pi Ha aabiice Visual Basic, /tCMoiiCTpnpyK)imiii o 6 pameHiie 
k HH/ieKcaTopy, HanucaHHOMy Ha C#: 

’ Co3flaTb 3K3eMn/inp Tuna BitArray 
Dim ba as New BitArray(10) 

1 B Visual Basic mhaskc 3/ieMeHTa MaccMBa 3aAaeTca b xpyrAbix CKo6xax (), 

' a He b KBaApaTHbix []. 

Console.WriteLine(ba(2)) " Bnboamt True mam False 

’ Visual Basic TaioKe no3BOAneT o6pamaTbca k MHAexcaTopy no mmchm 
C onsole.WriteLine(ba.Bit(2)) ’ Bnboamt to *e, mto npeAbiAymaa CTpoxa 

B C# B OflHOM THne M05KH0 Olipe/l,e.TMTb HeCKOJIbKO im.lCKCaTOpOl! npH yCJIOBIIH, 
hto ohh r 1 oxiy'raio i pa3Hbie Ha 6 opbi napaMeTpoB. B .tpyrux nani icax nporpaMMiipoBa- 
hhh aTpn6yT IndexerName no3BOHHeT 3anaTb HecKOJibKO iiH/teKcaTopoB c onHHaKOBoii 
CHraaTypoH, nocKOJibKy hx HMeHa MoryT OTjmuaTbCfl. O/marco C# He nonycKaeT 3Toro, 
TaK KaK npiIHHTblH B C# CHHT3KCHC lie IIO.3BO.THeT CCblJiaTbCH Ha HI 1 / 1,0 KCaTOp nO HMeHII, 


1 no 3 T 0 ii npnuime K/iacc IndexerNameAttribute He bxoaht b oniicaHHbie b ECMA CTaH/tapTM 
CLI11 H 3 i>iKa C#. 
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a 3HanHT, KOMniuiHTop He oy/ier 3HaTb, Ha KaKoii mi/i,ei<caTop ccbiaaiOTCH. ITpi-i nonbiTKe 
KOMnHjiHpHH c.;ie/i,yiomei () ncxo/iiioi o TeKCTa Ha C# KOMnmiHTop BbmaeT coo6memie 
o6 ouin6Ke (onm6Ka CS0111: b KJiacce SomeType yace onpe/i,ejieH hjkh this c TaKHM 
ace THnoM napaMeTpa): 

error CS0111: Class 'SomeType' already defines a member called 'this' with the same 

parameter types 

Opar.viem ico/ta, npHBOAnmnH k BbiAane 3toio coo6meHim: 
using System; 

using System.Runtime.CompilerServices; 

public sealed class SomeType { 

// OnpeflenneM MeTOA AOCTyna get_Item 
public Int32 this[Boolean b] { 
get { return 0; } 

} 

// Onpefle/iaeM MeTOA AOCTyna get_Deff 
[IndexerName("Deff")] 
public String this[Boolean b] { 
get { return null; } 

} 

} 

Kan bh/i,htc, C# paccMaTpiiBaeT HHAeiccaTopbi KaK Mexami3M neperpy3Kii onepaTO- 
pa [ ], h 3tot onepaTop He iio.3bo.thct paa.Tii'iaTb CBOiicTBa c OAHHaicoBbiMH Ha6opaMH 
napaMeTpoB h pa3HbiMH HMeHaMH mctoaob AOCTyna. 

KcTaTH, b KanecTBe npimepa Tima c H3MeHeHHbiM iiMeHCM iiHAeiccaTopa MoacHO npii- 
bccth THn System. String, b kotopomHHACK caTop String iiMCHyeTCH Chars, a He Item. 
3 to cboitctbo no3BOJuieTnojiynaTb ot,ic.tp>iiiiIC chmbojimh 3CTpoKii. BbuiopemeHO, mio 
AAH H3bIKOB npOrpaMMIipOBaHIIH, He HCnOJIb3yK>mHX CHHTaKCHC C OnepaTOpOM [] AJIH 
BbI30Ba 3TOTO CBOHCTBa, HMH Chars 6y/lCT OO.TCC IIHCjlOpMaTHBHO. 

06HapyaciiB nonbiTKy htchiih hjih 3amrcH iiHAeiccaTopa, KOMmiaaTop C# rcHepupyeT 
Bbi30B cooTBeTCTByiomero Mcro/ta nocTyna. HeKOTopbie aa.m kh nporpaMMiipoBaHim 
MoryT He noAAepaciiBaTb CBOiicTBa c napaMeTpaMH. T iTo6bi nojiymiTb AOCTyn k CBoiiCTBy 
c napaMeTpaMH H3 nporpaMMbi Ha TaKOM H3biice, HyacHO hbho Bbi3BaTb acenaeMbiii mctoa 
AOCTyna. CLR He pa3AimaeT CBOiicTBa c napaMeTpaMH h 6e3 napaMeTpoB, noaTOMy ahh 
noiicKa CBH3H MeacAy cboitctbom c napaMeTpaMH h ero MeTOAaMH AOCTyna HcnoAb3yeTca 
Bee tot ace Kaacc System.Reflection.Propertylnfo. 


Bbi6op r/iaBHoro cbomctb 3 c napaMeTpaMH 

IIpii aiia,TH3e orpaHHneHHH, KOTopbie C# iia.iaracT Ha hhA eKcaTopbi, B03HiiicaeT Aea 
Bonpoca: 
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□ l Ito cc./i h H 3 biK, Ha kotopom HanHcaH ran, no.'iiio./iMCT paapanoT'iincy onpe/ieuHTb 

HecKoubKo cbohctb c napaMeTpaMH? 

□ KaK Hcnojib30BaTb 3 tot THn b nporpaMMe Ha C#? 

Otisct: b 3tom THne Ha/ 1,0 Bbi6paTb oahh H3 mctoaob cpe/i,H cbohctb c napaMeTpa¬ 
MH h c/ie/iaTb ero cbohctbom no yMO/raaHino, npHMeHHB k caMOMy K/iaccy 3K3eMnjuip 
System.Reflection.DefaultMemberAttribute. Kcra™, DefaultMemberAttribute 
moacho npHMeHHTb k K/iaccaM, CTpyKTypaM hjih nHTepcj/encaM. B C# npn komhhahh,hh 
Tima, onpe/iejiHiomero CBOiiCTBa c napaMeTpaMH, KOMim.iinop aino.viaTH'iecKTi npn- 
MeHneT k onpe/ie/iHiomeMy THny 3K3eMnjiap aTpn6yTa Def aultMemben h ynHTbmaeT 
ero npn Hcnojib30BaHHH aTpn6yTa IndexerName. KoHcrpyicrop 3toto aTpuoyra aa/piCT 
hmh, KOTopoe ov/tCT iiaaiianeno CBOHCTBy c napaMeTpaMH, Bbi6paHHOMy KaK cbohctbo 
no yMO/inaHiiio aah stoto Tima. 

HTaK, b C# npn onpe/ie/ieHiiH THna, y KOToporo ecTb cbohctbo c napaMeTpaMH, ho 
HeT aTpn6yTa IndexerName, aTpn6yT DefaultMember, 3a/iaiomHH onpeAeAHiomHH THn, 
6y/ieT yKa3biBaTb hmh Item. Ecjih npHMeHHTb k CBOHCTBy c napaMeTpaMH aTpn6yr 
IndexerName, to aTpuSyT DefaultMember onpe/iejiHiomero THna 6 yj\ej yKa3bmaTb Ha 
CTpoKy, 3a/iaHHyio aTpn6yTOM IndexerName. IIoMHHTe: C# He 6ya,eT KOMmi/mpoBaTb 
koa, coAepacamiiH pa3HOHMeHHbie CBOiiCTBa c napaMeTpaMH. 

B nporpaMMax Ha H3biKe, noAAepacHBaiomeM iiecKo/ibKo cbohctb c napaMeTpaMH, 
Hy/KHO Bbi6paTb oahh mctoa CBOHCTBa h noMeTHTb ero aTpn6yTOM DefaultMember. 3to 
6yn,eT cahhctbchhoc cbohctbo c napaMeTpaMH, AOCTynHoe nporpaMMaM Ha C#. 


npOM3BOAMTe/1bHOCTb npM Bbl30Be 
MeTOflOB AOCTyna 

B c/iynae npocTbix mctoaob AOCTyna get h set JIT-komhiiahtop nodcmaenaem (inlines) 
koa MeTOAa AOCTyna BHyTpb KOAa Bbi3biBaeMoro MeTOAa, noaTOMy xapaKTepHoro CHHace- 
HIIH npOH3BOAHTeJIbHOCTH pa 60 TbI npOrpaMMbl, npOHBJIHKimerOCH npn HCn0JIb30BaHHH 
cbohctb BMecTO noAeii, He liana io/i/ictch. IIoACTaHOBKa noApa3yMeBaeT komiiii. imiui 10 
KOAa MeTOAa (hah, b ashhom cjiynac, MeTOAa AOCTyna) HenocpeACTBeHHO BMecTe c ko- 
AOM BbI3bIBaiOmerO MeTOAa. 3 tO H36aBAHCT OT AOnOAHIITeAbHOH Harpy3KII, CBH3aHHOH 
C BbI30B0M BO li|)CMM BbinOAHeHIIH, HO 3a C'ICT yiiC-IU'ICmiM OObC.Via KOAa OTKOMmiAIipO- 

BaHHoro MeTOAa. IIocKOAbKy mctoam AOCTyna cbohctb o 6 p>i>mo coAcpacaT MaAO koaa, 
hx noACTaHOBKa moacct npiiBOAHTb k coKpameHino o 6 mero o 6 neMa MainiiHHoro koaa, 
a 3 HanHT, k noBbiineHino ckopocth BbinoAHeHiiH. 

3aMeTbTe, 'no npn OTAaAKe JIT-KOMmiAHTop He noACTaBAHeT mctoam cbohctb, no- 
TOMy hto noACTaBAeHHbiii koa CAoacHee OTAaaciiBaTb. 3 to 03HanaeT, hto acjxjieKTHBHOCTb 
AOCTyna k CBoiicTBy b totoboh Bepcnii nporpaMMbi Bbirue, mcm b OTAaAOHHoii. l Ito ace 
KacaeTCH iio./ieii, to CKopocTb AOCTyna k hum OAHHaKOBa b oochx BepcHHX. 
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AocTyrmocTb mgtoaob AOCTyna cbomctb 

Muoiyia npn npoeKTHpoBAHi-iii THna 'rpcSycrcM iiannanmi, mcto/uim AOCTyna get h set 
pa3Hbifi ypoBeHb AOCTyna. Maine Bcero npii.vieimiOT OTKpbiTbiii mctoa AOC'iyna get h 3a- 

KpbiTbiH mctoa AOCTyna set: 

public class SomeType { 
private String m_name; 
public String Name { 
get { return m_name; } 
protected set {m_name = value; } 

} 

} 

KaK bhaho H3 KOAa, cbohctbo Name oo'imii.icuo KaK public, a 3to oniianacT, tio Me- 
toa AOCTyna get 6yAeT OTKpbiTbiM n AOCTynHbiM aah Bbi30Ba H3 Aio6oro KOAa. OAHaKO 
CACAyeT ynecTb, tio mctoa AOCTyna set oo'i.mii.icii KaK protected, to ecTb oh AOCTyneH 
Aah Bbi30Ba TOAbKO H3 KOAa SomeType hah KOAa KAacca, npoii3BOAHoro ot SomeType. 

npn onpeACAemiH aah CBoiicTBa mctoaob AOCTyna c pa3AHHHbiMii ypoBHHMH AOCTyna 
CHHTaKCHC C# Tpe6yeT, hto6h caMO cbohctbo 6bmo oO'i.mii.iciio c HaHMeHee ciponiM 
ypoBHeM AOCTyna, a 6oAee acecTKoe orpaHiincHiie 6biAO HaAoaceHO toabko Ha oahh h3 
mctoaob AOCTyna. B 3tom npimepe cbohctbo hbahctch OTKpbiTbiM, a mctoa AOCTyna 
set — a.aniu men m. i.m (6oAee orpammeum.iM no cpaBHeHino c public). 


06 o 6 iMeHHbie MeTOflbi AOCTyna cbomctb 

IlocKOAbKy CBOHCTBa (jiaicrimecKTi upcACTan./iMiOT co6oh MeTOAbi, a C# h CLR noAAep- 
ACHBaiOT napaMeTpH3an,iiio mctoaob, HeKOTopbie pa3pa6oTHHKii nbiTaiOTCH onpcACAHTb 
CBOHCTBa C Co6cTBCHHbIMH napaMCTpaMH-THnaMH (BMeCTO I1C II O T l>30 lia i I IT M TAKHX napa- 
MeTpoB 113 BHeniHero THna). OAHaKO C# He uo.mo.mcT stoto AeAaTb. IViamiaM npiriHiia 
b tom, hto oooomemin cbohctb AHineHbi CMbicAa c KomienTyaAbHOH romoi .apcHHiT. 
IIpeAnoAaraeTCH, hto cbohctbo npcACTaBAHCT xapaKTcpucTHKy o6bCKTa, KOTopyio moac- 
ho npoHHTaTb hah 3AAaTb. Bbcachiic oooomeimora napaMeTpa THna o;snana.TO 6bi, tio 
noBCACHiie onepan,HH htchiih/ 3aniiCH moacct mchhtbch, ho Ha KOHiienTyaAbHOM ypoBHe 
OT CBOHCTBa HC OACHAaCTCH HIIKaKOTO nOBCACHIIH. /],AH 3aAaHIIH KaKOrO~AIl6o nOBCACHIIH 
o6beKTa (oooomeuuom iiah hct) CAeAyeT co3AaTb mctoa, a He cbohctbo. 
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B 3Tofi ruaBe paccMaTpiiBaeTca noc./ie/um m paisnonii/uiocTb naenon, KOTopbie moxcho 
onpe,a,ejiHTb b Time, — co6mthh. Tun, b kotopom onpe/i,ejieHO codbiTHe (hjih . 3 k. 3 C.vih.hi- 
pbi SToro Tima), mo>kct yBe/iOMjiHTb ypyme odbeKTbi o HeKOTopbix oco6bix cmyapHHX, 
KOTopbie MoryT cjiymiTbcu. Hanpimep, ecjni b KJiacce Button (KHonica) onpc/iyjnnb 
co6biTHe Click (mejrioK), to b npiuioacemie mojkho ncnojib30BaTb o6beKTbi, KOTopbie 
ovavt nojiytai b yiKyio.vtjiemie o mcjriKe o6beKTa Button, a nojiytnn TaKoe yBe/iOMjie- 
11110 — HCnOJIHHTb HCKOTOpbie fleHCTBIIH. CodbITHH — 3TO MJICFIbl THna, OOCCIICMIlliaiOlUUC 
TaKoro poya liaanMO/iciicTisiie. A hmchho onpe/i,e. : iemia co6mthh b Tune oananacT, mto 
THn no/mepacimaeT (yie/iyioinne bo 3 mo»chocth: 

□ perHCTpapHH CBoeii 3 aiiHTepecoBaHHOCTH b co6bithh; 

□ OTMCHa perncTpapHH cboch 3 aiiHTepecoBaHHOCTii b co6mthh; 

□ onoBemeHHe 3 apemicTpHpoBaHHbix mctoaob o ii])0h omc/1,irrc m co6mthh. 

Tunbi MoryT npe/i, 0 CTaBJiHTb 3Ty cJiyuKTiiioiia.Tbimci b npu onpe/i,cjieimn co6mthh, 
TaK KaK OHii no/mepacimaiOT craicoK 3apemiCTpHpoBaHHbix mctoaob. Konya coo hit no 
nponcxo/i,HT, Tun yiseyoM./iacT 06 stom Bee 3apemiCTpiipoBaHHbie mctoah. 

Mo/iy./m co6mthh CLR ocHOBaHa Ha dejiezarnax (delegate), /JejieraTbi odecnemma- 
k)t peajiH3an,Hio Mexami3Ma odpaTHoro Bbi30Ba, 6e3onacHyio no OTHomemiio k TimaM. 
MeTOflbi odparaoro Bbi30Ba (callback methods) no3BOJnnoT odbeKTy nojiynaTb yBe,a,OM- 
jieHHH, Ha KOTopbie oh noanHcajiCH. B stoh rjiaBe mu ov/icm nocTonnno no./nyiona'inoi 
flejieraTaMH, ho hx ycTa.Tbnbiii pa36op otjiomm yo nan hi 17. 

L ho6r>i homo 1 ib BaM b nojiHOH Mepe pa3odpaTbcn b padoTe co6hthh b CLR, h nan¬ 
ny c npHMepa CHTyapHH, b KOTopoii MoryT npiiro/iHTbCH codbrnm. /JonycTim, mm 
npoeKTHpyeM iioutoboc npiuioacemie. nojiymiB coooinenue no ojieiciponnoii iiotic, 
nojib 30 BaTejib mo>kct 3 axoTeTb nepecjiaTb ero Ha cjiaKC hjih ncii/PKcp. /lonycTu.vi, bm 
H ananH npoeKTiipoBaHiie npiuioaceHira c pa 3 pa 6 oTKH THna MailManagen, nojiynaiome- 
ro BxoAHmiie coodmeram. Tim MailManagen dyyeT no/mepycimaTb co6biTiie NewMail. 
/Ipymie Timbi (Hanpimep, Fax hjih Pager) MoryT pemiCTpiipoBaTbCH /yin nojiy icmin 
yBe/iOMJieHHH 06 stom co6mthh. Korya THn MailManager nojiynHT hoboc coodmemie, 
oh HHHpHHpyeT co6biTiie, b pe 3 yjibTaTe nem coodmemie dyyeT nojiyneHO bccmh 3 ape- 
riiCTpiipoBaHHbiMii o6'i)Cicia.\iu. /lajiee Kaacybiii odbeKT odpadaTbiBaeT coodmemie TaK, 
KaK CHHTaeT HyjKHbIM. 

IlyCTb BO lipCMM HHHH,HajIH 3 aH,HH npHJIOJKCHHH COS/taei'CM TOJIbKO 0/1HH 3 K 3 eMnjUip 
MailManagen h jiioooc hhcjio odbeKTOB Fax h Pager. Ha piic. 11.1 noKa 3 aHO, KaK hhh- 
H,HajiH 3 iipyeTCH npii./io>icemie h hto npoiicxoyHT npu no./iyiennn rood men hm. 
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Pmc. 11.1. ApxnTeKTypa npi/uioaceHna, b kotopom ncnojib3yiOTCfl coSbiTnn 


Ilpn HHHUHajiH3au;HH ii|)h.io>kci[iim co3;i,acTOi aK.'Jt^.vTi i.i>i|) 06'beicra MailManager, 
no/mepaoiBaiomero co6biTHe NewMail. Bo Bpc.vui co.3/i,aiiiiM o6beKTbi Fax h Pager pe- 
rucTpupyiOTCH b KanecTBe iio./iyaa'icjicii yBC/io.viaemiii o co6wthh NewMail (npiixoa 
HOBoro coo6memia) o6 - beKTa MailManager, b pe 3 yjibraTe MailManager « 3 HaeT», ^to 
3 TH o6beKTbI CjICAVCT VBC/lOMHTb O nOHBJieHHH HOBOTO CO()6lUCIII1!-l. EcjIH B flajIbHCHIIieM 
MailManager nojiyHHT HOBoe coo6meHHe, sto npuBe/teT k Bbi 30 By co6biTHH NewMail, 
iiosiio. iaiomero bccm 3 apeniCTpHpoBaBmHMCH o6beKTaM m.iiio. iinn b Tpe6yeMyio 06- 
pa6oTKy HOBoro coo6memm. 


Pa3pa6oTKa Tuna, 
noAAepKMBaiOLLiero co6bime 

J\jir co3/iaHHH Tuna, noAflepaciiBaiomero oaho iijiii 6ojiee co6biTiiii, pa3pa6oTHHK AOJiSKeH 
BbinojiHHTb pa/t fleitcTBHH. Bee 3th /peiicTmi h 6y/tyT onucaHM HHace. Harne npiuioaceHne 
MailManager (ero MoatHO 3arpy3iiTb b pa3/i,ejie Books cairra http://wintellect.com) co- 
/tepacuT Becb HeoSxo/iHMbiH ko/p thiiob MailManager, Fax h Pager. KaK bbi 3a.\iCTHTC, 
THnbi Fax h Pager npaKTiiaecKii H/iciiTHMHbi. 
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3Tan 1. Onpefle/ieHne Tuna ajisj xpaHeHun 
BCeM AOnO/IHMTe/IbHOM HHCjiOpMaLtHH, 
nepeAaBaeMOM nojiynaTemiM 
yBeAOM/ieHMB o co6biTun 

IIpiI B03HHKH0BCHHH Co6bITIIH o6beKT, B KOTOpOM OHO B03HHKJI0, /P,O.T>KCII IICpC/UlTP) RO- 

nojiHHTejibHyio ni[(})op\iai[iiio o6beKTaM-nojiyAaTejiHM yuc/yiMjicimM o co6mthh. J\jih 
npe/iocTaBjieHiiH nojiynaTejuiM 3Ty HHcjiopMaitiiio HyacHO HHKancyjiiipoBaTb b co6cTBeH- 
Hbin KJiacc, co/tcpacamnft Ha6op 3aKpbiTbix nojiefi h Ha6op OTKpbiTbix iichsmcii^icmpjIx 
(T oabKo htchum) cbohctb. B cooTBeTCTBioi c co iviai p ici i iie.vt, Kjiaccbi, co/p,ep>icaiP[rie 

iiHcjropMaijmo o co6biTHHx, nepeflaBaeMyio o6pa6oTHHKy co6bmra, aojiacHbi HacjieAOBaTb 
ot Tuna System. EventArgs, a hmh Tuna aojdkho 3aKaii i miia'i p,CM cjiobom EventArgs. 
B 3 tom npimepe y Tima NeiA/MailEventArgs ecTb nojia, it/icpititp^p rntHpyio ihhc OTnpaBH- 
Tejia coo6meHHH (m_from), ero nojiynaTejui (m_to) h TeMy (m_subject). 

// 3Tan 1. Onpefle/iemie Tuna p,n» xpaHeHna nH^opMapnn , 

// KOTopaa nepeflaeTca no/iysaTe/iAM yBeflOM/ieHnn o co6biTnn 
internal class NewMailEventArgs : EventArgs { 

private readonly String m_from, m_to, m_subject; 

public NewMailEventArgs(String from, String to. String subject) { 
m_from = from; m_to = to; m_subject = subject; 

} 

public String From { get { return m_from; } } 

public String To { get { return m_to; } } 

public String Subject { get { return m_subject; } } 

} 


nPMMEHAHME 

Tun EventArgs onpefle/iaeTCFi b bnbnnoTeKe icnaccoB .NET Framework Class Library (FCL) 
n BbimnflMT npmviepHO c/ieAypommvi o6pa30M: 

[ComVisible(true), Serializable] 
public class EventArgs { 

public static readonly EventArgs Empty = new EventArgsQ; 
public EventArgsQ { } 

} 

KaK BMAMTe, b 3tom icnacce HeT Hnnero ocobeHHoro. Oh npocTO cnyxnT 6a30BbiM tmptom, 
ot KOToporo mo>kho nopoxAaTb APyrneTFinbi. C bojibinnHCTBOM cobbiTnti He nepeAaeTca 
AonoriHMTe/ibHOM nH(j3opMau,Mn. HanpriMep, b c/iynae yBeAOM/ieHna obteicroM Button 
0 LAe/iHKe Ha KHonice, caivio obpaiAeHi/ie k MeTOAy obpaTHoro Bbi30Ba — n ecTb bch Hyx- 
Haa i/iHcfjopMaiiMFP. OnpeAe/iaa cobbiTHe, He nepeAaiOLAee Aono/iHMTe/ibHbie AaHHbie, 
mo>kho He C03AaBaTb HOBbift obbeicr Event-Args, AOCTaTOHHO npocTO BOcno/ib30BaTbca 
cbomctbom EventArgs.Empty. 
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3Tan 2. Onpefle/iei-me H/ieHa-co6biTMsi 

B C# co6biTHe o6 - bHBJiHeTCH c K. iio'iciibiM cjiOBOM event. Kaac/tOMy HjieHy-co6biTH 10 
Ha3HaHaiOTCH o6jiacTb/teftcTBHfl (npaKTiraecKii Bceraa oh OTKpbiTbifi, i iootomv nocryneH 
H3 jno6oro Ko/ia), Tim neneraTa, yicasiiiiiaioiuiiii HanpoTOTHn Bbi3biBaeMoro Mera^a (iijih 
mctoaob), h n m 'a (jik>6oh /(o iivctiim bii-i ii/iemnc|)MKarop). Bot KaK isbir;i>i;pn 'i. ien- 
co6bmie Harnero KJiacca NewMail: 
internal class MailManager { 

// 3Tan 2. OnpeaeneHne MaeHa-co6i>iTnn 

public event EventHandler<NewMailEventArgs> NewMail; 


} 

3/tecb NewMail — hmh co6biTHH, a TtinoM co6bmiH HBJiaeTCJi EventHandler <New- 
MailEventArgs>. 3to o.ina'tacT, hto iiojiv 'tarcjiii yiic/tovuieiina o co6wthh ao.t >i<11 i>i 
npenocTaBJiHTb mctoh o6paTHoro Bbi30Ba, npoTOTHn KOToporo cooTBeTCTByeT rany- 
AeneraTy EventHandler<NewMailEventArgs>. TaK KaK o6o6meHHbiii neiieraT System. 
EventHandler onpe/teiieH cjie/tyiomHM o6pa30M: 

public delegate void EventHandler<TEventArgs> 

(Object sender, TEventArgs e) where TEventArgs: EventArgs; 

I Iootomv npoTOTHn MCTO/ta nojiaceH BbirjiflueTb TaK: 
void MethodName(Object senderj NewMailEventArgs e); 


nPMMEHAHME 

Mhotux yflHBJiaeT, noneiviy MexaHH3M cobbiTMti TpebyeT, htoOn napaivieTp sender mvien 
Tun Object. Boo6me-TO, nocxoabxy MailManager — eAHHCTBeHHbin Tun, pea/in3yiOLii 1 nti 
coSbiTna c obtexTOM NewMailEventArgs, 6bi/io 6bi pa3yMHee ncnoab30BaTb c/ieflyiomnn 
npoTOTnn MeTOfla obpaTHoro Bbi30Ba: 

void MethodName(MailManager sender, NewMailEventArgs e); 

npnHnHon toto, hto napaivieTp sender nivieeT Ti/m Object, sBaaeTca HacaeAOBaHHe. 
Hto npon3onAeT, ecan MailManager 3aAetiCTBOBaTb b xanecTBe 6a30Boro Kaacca Aaa 
C03Aai-ms Kaacca SmtpMailManager? B MeTOAe obpaTHoro Bbi30Ba npi/iAeTca b npo- 
TOTnne 3aAaTb napaivieTp sender xax SmtpMailManager, a He MailManager, ho 3Toro 
AeaaTb Heab3a, Tax xax Tun SmtpMailManager npocTO HacaeAyeT cobbiTne NewMail. 
noaTOMy koa, o>xnAaioiAHM ot SmtpMailManager nHct>opiviai4mo o cobbiTHn, Bee paBHO 
6yAeT BbiHy>KAeH npnBOAnTb apryivieHT sender x Tuny SmtpMailManager. l/lHane roBopn, 
npnBeAeHne Bee paBHO HeobxoAnivio, noaTOMy napaivieTp sender c Taxmvi >xe ycnexoM 
moxho o6taBHTb c TtinoM Object. 

EiAe OAHa npnnnHa Aas obbaBaeHna sender c Ti/moM Object — rnbxocTb, nocxoabxy 
AeaeraT MO>xeT npmvieHHTbcs Hecxoabxmvin Tnnaivin, xoTopwe noAAep>xnBaiOT cobbiTne, 
nepeAaioiAee obtexT NewMailEventArgs. B nacTHOc™, xaacc PopMailManager Mor bbi 
ncnoab30BaTb Aeaerat, Aa>xe ecan bbi He HacaeAOBaa ot xaacca MailManager. 


290 QiaBa 11. CoObiTMH 


I/I eme oaho: MexaHM3M cobbiTnn Tpe6yeT, htoOw b HMeHH AeneraTa h MeTOfle o6paTHoro 
Bbi30Ba napaMeTp, npon3BOAHbin ot EventArgs, Ha3biBaacn «e». TaKoe TpeOoBaHne ycTa- 
HaBnMBaeTca no eAUHCTBeHHon npnnnHe: Ana obecneneHnn eAHH006pa3nn, od/ierHaroiAe- 
ro n ynpoiAaiOLAero n3yneHne h peann3au,nio codbiTnn pa3pa6oTHHKaMn. 1/lHCTpyMeHTbi 
C03AaHna koas (HanpuMep, Taxon xax Microsoft Visual Studio) Taxxe «3HaiOT», hto Hy>KHO 
Bbi3biBaTb napaMeTp e. 

1/1 nocneAHee: MexaHH3M codbunn TpebyeT, HTodbi Bee obpaboTHHKH B03Bpam,ajin void. 
3to o6s3aTenbHO, noTOMy hto npn B03HnKH0Bei-mn cobbiTna MoryT Bbino/iHSTbcn He- 
CKonbKO MeTOAOB odpaTHoro Bbi30Ba n hobo3mo>kho no/iynnTby hux Bee B03BpaLuaeMoe 
3HaHeHne. Tun void npocTO 3anpem,aeT mctoasm B03BpaiAaTb Kaxoe 6bi to hh 6bmo 
3HaneHne. K coxaaeHHio, b 6n6anoTexe FCL ecTb obpaboTHHKH codbiTnn, b nacTHOCTn 
ResolveEventHandler, b KOTopbix Microsoft He caeAyeT codcTBeHHbiM npaBnnaM n B03- 
BpaLpaeT odbeicr Tnna Assembly. 


3Tan 3. OnpefleneHiie MeTOfla, otbstctbshhoto 
3a yBeAOMJieHne 3apemcTpnpoBaHHbix 
06 l>eKT 0 B O COSblTHU 

B cooTBeTCTBim c corjiamemieM b KJiacce AO/iaceH 6biTb BnpTyajibHbin 3amHmeHHbin 
MeTOA, BbI3bIBaeMbIH 113 KO/ta Kjiacca H ero nOTOMKOB npn B03HIIKH0BeHIIH Co6bITHH. 
3 tot MeTOA npiiHiiMaeT oahh napaMeTp, o6beKT MailMsgEventArgs, conepacamnn js,o- 
no. nime.TPjUbieCBe/ternra o co6mthh. Pca.Tii;ian,iia no y.vio.THaiuiioaToro Mera/tanpocTO 
npoBepneT, ecTb jih o6beKTbi, 3aperncTpHpoBaBiniiecfl /uth nojiynemm yi«yi,o.vuK‘iuia o 
co6biTHH, h npn nojioaciiTejibHOM pe3yjibTaTe npoBepKn coo6maeT 3aperHCTpnpoBaHHbiM 
MeTOAaM O B03HHKH0BeHHH Co6bITHH. Bot KaK BbirjIHAHT 3TOT MCTOA B HanieM KJiaCCe 
MailManager: 

internal class MailManager { 

// 3Tan 3. OnpeaeaeHne MeTOfla, OTBeTCTBeHHoro 3a yBeflOMaeHine 
// 3aperncTpnpoBaHHbix o6beKTOB o co6nthh 

// Ec/in 3T0T K/iaCC H30/lHp0BaHHblki, Hy>KHO CflenaTb MeTOfl 3aKpblTblM 
// nan HeBnpTyaabHbiM 

protected virtual void OnNewMail(NewMailEventArgs e) { 

// CoxpaHnTb ccbmxy Ha fleaeraTa bo BpeMeHHoii nepeMeHHofi 
// flan o6ecneHeHHB 6e3onacHOCTn noTOKOB 

EventHandler<NewMailEventArgs> temp = Volatile.Read (ref NewMail); 

// Ecan ecTb o6beKTbi, 3aperncTpnpoBaHHbie flan noayneHUH 
// yBeaOMaeHna o co6nthh, yBeflOMaaeM ux 
if (temp != null) temp(this, e); 

} 

} 
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YBeAOM/ieHMe o co6biTMM, 6e3onacHoe b otholljghmm noTOKOB 

B nepBOM BbinycKe .NET Framework peKOMeHAOBaaocb yBeAOMAHTb o coo bit 11 ax c.;ie- 
AyiomiiM o6pa30M: 

// Bepcua 1 

protected virtual void OnNewMail(NewMailEventArgs e) { 
if (NewMail != null) NewMail(this, e); 

} 

OAHaKO b MeTOAeOnNewMail KpoeTCHOAHanoTeHiiiiajibHaa npo6AeMa. IIporpaMM- 
Hbiii noTOK bhaht, ATO 3HaneHiie NewMail He paBHO null, OAHaKO nepeA bh30bom NewMail 
Apyrofi noTOK MoaceT yAajniTb AeaeraTa H3 uchohkh, npncBOHB NewMail 3HaHeHiie null. 
B pe3ynbTaTe 6yAeT BbiAaHO hckaiohchhc NullReferenceException. /E'lfi npeAOTBpa- 
IUCIIHA COCTOHHIIH rOHKII MHOOie pa3pa6oTHIIKII miHiyT CAeAyromHH koa: 

// BepcMfl 2 

protected void OnNewMail(NewMailEventArgs e) { 

EventHandler<NewMailEventArgs> temp = NewMail; 
if (temp != null) temp(this, e); 

} 

HAea 3aKJH0HaeTCH b tom, hto ccbuiKa Ha NewMail KomipyeTCH bo BpeMeHHyio 
nepeMeHHyio temp, KOTopan ccbiAaeTCn Ha u,enoHKy AeaeraTOB b momcht Ha3Hane- 
hhh. 3tot MeTOA cpaBHiiBaeT temp c null h Bbi3biBaeT temp, noaTOMy yace He HMeeT 
3HaHeHiiH, iiomciim.t jih Apyrofi noTOK NewMail nocae iia.iiiauemiM temp. BcnoMHiiTe, 
hto AeaeraTbi HeH3MeHneMbi, iiootomv tcopctumcckii otot cnoco6 pa6oTaeT. OAHaKO 
MHorne paa.paooT'iHKn He oco3HaiOT, 'no KOMiPiumTop MoaceT onTHMH3irpoBaTb 3tot 
nporpaMMHbifi koa, y/ta.'i h is nepeMeHHyio temp. B oto.vi cay'iae o6e i[pcACTaii.;ienm>i(‘ 
Bepciiii KOAaOKaacyTca HACHTimHbTMH, b pe3yAbraTeonaTb-TaKii B03M0acH0 ucic iioueimc 
NullReferenceException. 

/ftra peaabHoro pcmcmiM aToii npo6aeMbi Heo6xoAHMO nepenucaTb OnNewMail TaK: 
// Bepcmi 3 

protected void OnNewMail(NewMailEventArgs e) { 

EventHandler<NewMailEventArgs> temp = Thread.VolatileRead(ref NewMail); 
if (temp != null) temp(this, e); 

} 

Bh30b VolatileRead oacTaicTHCT cHHTbreaTb NewMail b tomkc Bbi30Ba h iimciiipo 
b 3tot MOMeHT KomipoBaTb ccbiAKy b nepeMeHHyio temp. 3aTeM bm30b temp ocymecT- 
BJineTCH aiimb b tom tviy'iac, cc.tpi iiepcMeimaM He paBHa null. 3a Aoiio.Ti[me.Ti>i[oii 
HHcjiopMaiiHeii o MeTOAe Volatile. Read o6pamaHTecb k raaBe 28. 

H xoth nocaeAHHH ncpciia aToro nporpaMMHoro koaa hbahctch iiaii.Tyiiiicii h Tex- 
HimecKii KoppeKTHOii, bbi TaKace MoaceTe picipo. i ia3oii;iT ia Bepcmo 2 c JIT-KOMniiJiHTopoM, 
He onacaacb 3a iiocacactbitm, TaK KaK oh He 6yAeT onTHMH3iipoBaTb nporpaMMHbrii koa. 
Bee JIT-KOMniiaHTopbi Microsoft coo.noAaiOT npHimnn OTKa3a ot ahiiihitx onepaiinfi 
HTeHiiH H3 icy( pi, a caeAOBaTeabHO, KamnpoBaHiie ccbiakh b ,/pokti. i i>ipoit nepeMeHHOii 
rapaHTHpyeT, u io o6pameHiie no cci>i.tkc 6yAeT npoii3BOAHTbCH Bcero oahh pa3. TaKoe 
noBeAeHHe o())iiniia./n>iio He AOKyMeHTiipoBaHO h TeopeTHnecKii MoaceT pi.jmcipip p ijCtp, 
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noaTOMy jiyume Bee ace Hcnojib 30 BaTb nocaeflHioio Bepciiio npencTaBjieHHoro npo- 
rpaMMHoro Kona. Ha npaKTiiice Microsoft Hmcoraa hc CTaHeT BBOAHTb b JIT-komiihjihtop 
H 3 MeHeHiiH, KOTopwe HapymaT pa 6 oTy cjihuikom mhooix npHjioaceHHH 1 . KpoMe Toro, co- 
6 biTiiH b ochobhom iicnojib 3 yK)TCH b OAHonoTOHHbix cneHapirax (npruioacemia Windows 
Presentation Foundation n Windows Store), TaK 'no 6 e 3 onacnocTb noTOKOB noodme 
He co 3 /i,acT ocodbix npodaeM. 

/fan y/todcTBa MoacHO onpe/tejiriTb mctoa pacmiipeHira (cm. raaBy 8 ), iiHKancyjm- 
pyioruiiii jiormcy, 6 e 3 onacHyio b OTHomemiii noTOKOB. OnpenejiiiTe pacmupeHHbiii mcto/i, 
caeAyiomriM o 6 pa 30 M: 

public static class EventArgExtensions { 

public static void Raise<TEventArgs>(this TEventAngs e. 

Object sender, ref EventHandler<TEventArgs> eventDelegate) { 

// KonnpoBaHne ccbmxn Ha none aeneraTa bo BpeMeHHoe none 
// Ann 6e30nacH0CTn b OTHOweHnn noTOKOB 

EventHandler<TEventArgs> temp = Volatile.Read(ref eventDelegate); 

// Ecnn 3aperncTpnpoBaHHbiii MeTOA 3anHTepecoBaH b co6nthm, yBeAOMHTe ero 
if (temp ! = null) temp(sender, e); 

} 

} 

Tenepb MoacHO nepenncaTb mctoa, OnNewMail cjienyiomHM o 6 pa 30 M: 

protected virtual void OnNewMail(NewMailEventArgs e) { 
e.Raise(this, ref m_NewMail); 

} 

Tim, npoii 3 Boa,Hbiii ot MailManager, MoaceT CBodoAHO nepeonpenejiHTb mctoa 
O nNewMail, hto no 3 BoaneT npoH 3 BOAHOMy rany KOHTpojmpoBaTb cpadaTbiBamie co- 
dbiTHH. TaKiiM o 6 pa 30 M, npoii 3 Boa,Hbiii ran MoaceT odpadaTbiBara HOBbie cooomomiM 
aiodbiM cnocodoM no codcTBeHHOMy ycMOTpemiio. Odbiuno npou. 3 B 07 im,iii ran bbi- 
3 biBaeT MeTOA OnNewMail 6 a 30 Boro rana, b pe 3 yjibTaTe 3 apemcTpHpoBaHHbiii odneKT 
nojiyuaeT yne/i,o.vi. : iemi(‘. O/niaico ri]>on;ino.'ui f>i ii ran MoaceT h OTKa 3 aTbca ot nepecbijiKH 
yBeAOMaeHim o codbiraH. 

3Tan 4. Onpefle/ieHue MeTOfla, npeo6pa3yiou;ero axoAHyio 
nH<t>opMai4HK) a >Ke/iaeMoe coSbime 

y KJiacca AoaaceH dbiTb motoa, npiimiMaiomiiii HeKOTopyio Bxo/uiyio imcjiopMaruiio h b ot- 
bct reHepiipyiomiiH codbirae. B npimepe c ranoM MailManagen motoa SimulateNewMail 
Bbi 3 biBaeTCH aah onoBememiH o nojiyuemni HOBoro coodmemiH b MailManagen: 

internal class MailManager { 

// 3Tan 4. OnpeneneHne MeTona, npeo6pa3yioinero BxoAHyio 


1 MeHH b 3tom 3aBepnji yuacTHHK rpynnbi pa3pa6oTKii JIT-KOMniwflTopa. 
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// MH(|>opMaL|mo b *eaaeMoe co6biTne 

public void SimulateNewMail(String from. String to. String subject) { 

// C03AaTb 06 beKT AAH XpaHeHWB MH((>OpMaL(MM, KOTOpyK) 

// Hy>KHO nepe^aTb nonysaTenAM yBeAOMneHMH 

NewMailEventArgs e = new NewMailEventArgs(from, to, subject); 

// BbIBBaTb BMpTyaAbHbIM MeTOA, y BeAOMAfllOmU M 06beKT O C06blTM n 
// Ecam hh oamh M3 np0M3B0AHbix TMnoB He nepeonpeAeAneT stot MeTOA, 

// o6bexT yBeAOMMT Bcex 3aperMCTpMpoBaHHbix noAynaTeAeM yBeAOMAeHMA 

OnNewMail(e); 

} 

} 

Mctoa SimulateNewMail npiiHiiMaeT iiHtjiopMaiiiiio o coo6meHioi h co 3 A,aeT hobmh 
o6i>eKT NewMailEventArgs, nepe^aBaa ero KOHCTpyKTopy namibie coo6meHiia. 3aTeM 
Bbi3biBaeTca OnNewMail — co6cTBeHHbrii BHpTya/ibHbiii mctoh o6beKTa MailManager, 
aTo6bi cjiopMajibHO yBCAOMHTb o6beKT MailManager o hobom iiohtobom coo6meHini. 
06b|i||[() 3TO BbI3bIBaeT HHHIlHHpOBaHHe COOblTII 'A, B pC3y.TbiaTC VI PC/1,0 M .’I 'A IOTC/1 BCe 3a- 
peniCTpupoBaHHbie o6beKTbi. (KaK yace OTMenanocb, Tim, npoii3BOAHbiii ot MailManager, 
mo/Kct nepeonpeAe/iHTb oto Aciicibnc.) 


Pea/in3aui/m co6biTi/m KOMrm/iflTOpOM 

Tenepb, Kor^a bbi yMeeTe onpene/uiTb K/iaccbi c co6mth a.vin, mo/kiio iioo/iii/kc no3Ha- 
KOMiiTbca c caMHM co6biTHeM h y3HaTb, KaK oho pa6oTaeT. B K/iacce MailManager ecTb 
CTpoHKa KOAa, onpcAe/iaiomaji caM HjieH-co6biTHe: 
public event EventHandler<NewMailEventArgs> NewMail; 

ITpii komipip./imhippi 3toh CTpoKii Ko.vi 11 puiMTop npeBpamaeT ee b c/ie/iyioiniie TpH 
KOHCTpyKUHH: 

// 1. 3AKPblT0E noAe AeAeraTa, MHML(MaAM3MpoBaHHoe 3HaneHMeM null 
private EventHandler<NewMailEventArgs> NewMail = null; 

// 2. OTKPbITbIM MeTOA add_Xxx (rAe Xxx - 3T0 mma co6biTM«) 

// n03B0AHeT 06beKTaM perMCTpMpOBaTbCA AAfl nOAyHeHMB yBeAOMAeHMM O C06blTMM 
public void add_NewMail(EventHandler<NewMailEventArgs> value) { 

// L|mka m Bbi30B CompareExchange - xMTpoyMHbiM cnoco6 Ao6aBAeHMA 
// AeAeraTa cnoco6oM, 6e3onacHbiM b OTHomeHMM noToxoB 
EventHandler<NewMailEventArgs>prevHandler; 

EventHandler<NewMailEventArgs> newMail = this.NewMail; 
do { 

prevHandler = newMail; 

EventHandler<NewMailEventArgs> newHandler = 

(EventHandler<NewMaiIEventArgs>) Delegate.Combine(prevHandler, value); 
newMail = Interlocked.CompareExchange<EventHandler<NewMailEventArgs>>( 
ref this.NewMail, newHandler, prevHandler); 
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} while (newMail != prevHandler); 

} 

// 3. OTKPbITbIM MeTOfl remove_Xxx (rne Xxx - sto hmb co6nthh) 

// noBBO/iaeT o6beKTaM OTMeHSTb perMCTpaqmo b KasecTBe 
// nonyHaTeyieii yBeflOM/iemnii o co6ntmh 

public void remove_NewMail(EventHandler<NewMailEventArgs> value) { 

// Umk/i m BbBOB CompareExchange - xnTpoyMHbm cnoco6 
// yflayiemifl ne/ieraTa cnoco6oM, 6e3onacHbiM b OTHomeHnn noTOKOB 
EventHandler<NewMailEventArgs> prevHandler; 

EventHandler<NewMailEventArgs> newMail = this.NewMail; 
do { 

prevHandler = newMail; 

EventHandler<NewMailEventArgs> newHandler = 

(EventHandlercNewMaiIEventArgs>) Delegate.Remove(prevHandler, value); 
newMail = Interlocked.CompareExchange<EventHandler<NewMailEventArgs>>( 
ref this.NewMail, newHandler, prevHandler); 

} while (newMail != prevHandler); 

} 


I lepiiaM KOHCTpyKiiiiH — npocTO none coo'i isc'ic'myiomero Tuna neneraTa. Oho co- 
flepacHT ccbuiKy Ha 3aronoBOK cmicica neneraTOB, KOTopbie 6ynyT yBeflOMjiHTbCH o bo3- 
HIIKHOBeHIIH Co6bITHH. I lOJIC IIIIII11,113.1113 lipyC'ICH 31 lil'IC 1111CM null; 3TO O.'ilia'iaCT, 'ITO 
HeT iionyiaTCjicii, aape m capiipioisa m iin x cm Ha yiie/io.vuieniHi o co6biTHH. Koiyia mcto/i 
periiCTpupyeT iloaiyna tcaiyi yisc/iOMnemiM, b oto none ;s;iiiochtcm ccbinKa Haaica.CMii. mp 
neneraia EventHandler<NewMailEventArgs>, KOTopbiii MoaceT, b cboio onepenb, ccm- 
naTbcn Ha nononHHTenbHbie neneraTbi EventHandler<NewMailEventArgs>. Korna nony- 
naTenb perncTpiipyeTcn nan nonyneHiiH yBenoMneHira o co6hthh, oh npocTO n,o6aBnneT 
b cniicoK 3K3CMii. iup Tima neneraTa. Ivoiie'iim, otk33 ot pcTHCTpaunn pea/iiiaycTCM 
y/ianemiCM cooTBeTCTByiomero /icacnna. 

06paTHTe BHHMaHHei none neneraTa (NewMail b HarneM npimepe) Bcerna 3aicpbiToe, 
HecMOTpa Ha to 'no ncxo/|iiaM CTpoKa i«)/ia onpenenaeT co6biTHe KaK OTKpbiToe. 3to 
nenaeTcn nan npenoTBpamemiH HeKoppeKTHbix onepaiinfi H3 Kona, He OTHoenmeroca 
k onpeneamomeMy Knaccy. Ecan 6bi none 6bino OTKpbiTbiM, mo6oii koa mot 6bi H3Me- 
HiiTb aiia'icniie iio.tm, b tom micneynanHTb BeeneneraTbi, iio/iimcamiiiieca Haco6biTHe. 

BTopan KOHCTpyKiiiia, reHepupyeMaa KOMnunuTopoM C#, — mctoa, no.3BonMioin.nir 
apyriiM o6beKTaM perircTpiipoBaTbCH b Ka'iccmc nonynaTeneir yue/iOM/iemiM o co- 
6bITHH. KoMIIIUlHTOp C# aiiTOMaTH'ICCKH npiICBailBaeT 3TOH (|)yHKH,IIII 11 MM, /lOOaii. lM M 
npiiCTaBKy add_ k hmchh co6hthh (NewMail). KoMniinaTop C# TaKace aBTOMaTimecKii 
reHepupyeT koa MCTO/ia, KOTopbiii iicer/ia Bbi3biBaeT c rarH'iccioiii mcto/i Combine Tima 
System.Delegate. Mcto/i, Combine Ao6aBnaeT b cniicoK neneraTOB hobhh 3K3eMnnap 
h B03BpamaeT hobmh 3aronoBOK cnucKa, KOTopbiii CHOBa coxpaiiHCTCM b none. 

TpeTbH h nocneaHHH KOHCTpyKiiim, reHepiipyeMan KOMnnnHTopoM C#, — mctoa, 
iionno. i mi ioinnii o6beKTy ot ica.aaTben ot iio/uihckh Ha co6biTHe. H 3to ii (jiyinaiiiii kom- 
nunaTop C# npucBaiiBaeT iimh aBTOMaTHnecKii, Ao6aBnnH npiiCTaBKy remove_K iimchii 
co6biTiiH (NewMail). Koa MCTona Bcerna Bbi3biBaeT mctoa Remove Tima System. Delegate. 
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IIocjie/i,HHH mctoa yAaAHCT ACJicraxa 113 cmicica h B03BpamaeT hobmh 3aroAOBOK cmicica, 
KOTopbiH coxpaiiacTca b nojie. 

BHMMAHME 

llpn nonbiTKe yp&nemn MeTOAa, KOTopbifi He 6bm Ao6aB/ieH, MeTOA Delegate.Remove 
He AeaaeT HHHero. Bbi He noayHHTe hh HCioiiOHeHHH, hh npeAynpe>KAeHHfl, a KOJineKitnH 
MeTOAOB co6biTnCi ocTaHeTcn 6e3 n3MeHeHnn. 


nPMMEHAHME 

06a MeTOAa — add h remove — ncno/ib3yiOT xopoaio M3BecTHbM naTTepH o6HOB/ieHna 
3HaHeHMa cnoco6oM, 6e3onacHbiM b OTHOineHnn noTOKOB. 3 tot narrepH onncbiBaeTca 
b maBe 28. 


B npuBe/tCHHOM npuMepe MeTOAbi add 11 remove o6bHBJieHbi OTKpbiTbiMii, nocKOJib- 
Ky b coo'iTiCTCTByiomcii CTpoKe ncxo/pioro Ko/ta co6brrae nanaMa.Tbiio o6bHBJieHO KaK 
OTKpbiToe. Ecah 6bi oho 6bi.T0 oo'iaiii. ieno KaK 3amHmeHHoe, to mctoah add h remove, 
creHepupoBaHHbie komiiii.tmtoiiom, Toace 6bura 6bi o6bflBAeHbi KaK 3amnmeHHbie. TaK 
hto Koiyta b Tune oiipcyaxTacTCM co6biTHe, .vio/i,n<|)iiKaTop AOCTyna co6mth a yKa3bmaeT, 
KaKofl koa cnoco6eH peniCTpiipoBaTbCH h oi .viciia rb pemcTpanino a ah yiKyip.vtAemia 
o co6biTHH, ho npHMbiM AOCTynoM k iio. i kj ACAeraiaoOAaAaeT toabko caM Tin. L l. tctiiiI- 
co6mthh xaioivc MoryT oO'bMb.TMTbca CTai H'ieciaiMii h BiipTyaAbHbiMH; b 3tom CAynae 
creHepupoBaHHbie k()mi[h.tmto|)Om MeTOAbi add h remove xaioKC 6yAyT CTaTHaeciniMii 
IIAH BiipTyaAbHbiMH COOTBeTCTBCHHO. 

IIomhmo renepiipobaimsi .'mix Tpex KoiiopyKiuiii, KOMniiAHTopbi reHepupyiOT .aanucb 
c ()ii|)C,xoA('i[iie.vi co6biTHH h noMemaiOT ee b MeTaAaHHbie ynpaBAneMoro vro/iy./ra. 3Ta 
3anncb coAcpacHT paA <)i.iamb h 6a30Bbiii Tim-AeAeraT, a i aK>Ke ccbiAKii Ha MeTOAbi ao- 
CTyna add n remove. 3Ta HHcjiopMaijHfl iiyacua npocTO aah Toro, 'noon oncpniTb CBH3b 
MeatAy a6cTpaKTHbiM iioiimthcm «co6biTHe» h ero MeTOAaMH AOCTyna. 3 th MeTaAaHHbie 
MoryT IICn0Ab30BaTb KOMniiAHTopbi H Apynie HHCTpyMeHTbl, H, KOHeHHO ace, 3TH CBeAeHIIH 
MoacHO iiOAvaiiTb npn noMomii KAacca System. Reflection. Eventlnf o. OAHaKO caMa 
cpeAa CLR 3th MeTaAaHHbie He HcnoAb3yeT h bo BpeMH m.mo. memm Tpe6yeT Aimib 
HaAHHHH MeTOAOB AOCTyna. 


Co3Aam/ie Tuna, OTCJie>KiiBaiomero co6bime 

CaMoe TpyAHoe no3aAH. B stom pa.3ACAC a noKaacy, KaK onpeACAHTb ran, ncnoAb3yio- 
mnii co6biTiie, noAAepaciiBaeMoe ApyniM TimoM. Ha'me.vi c iiayiemiM hcxoahoto KOAa 
THna Fax: 

internal sealed class Fax { 

// nepeflaeM KOHCTpyKTopy o6beKT MailManager 
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public Fax(MailManager mm) { 

// Co3flaeM 3K3eMn/iflp ae/ieraTa EventFlandler<NewMailEventArgs>j 
// ccbmawinHkicfl Ha MeTOfl o6paTHoro Bbi30Ba FaxMsg 

// PerwcTpHpyeM o6paTHbiii Bbi30B fl/ia co6biTns NewMail o6beKTa MailManager 
mm.NewMail += FaxMsg; 

} 

// MailManager Bbi3biBaeT btot mbtoa p,nn yBeaoM/ieHHB 
// o6beKTa Fax o npn6biTnn hoboto noHTOBoro coo6meHHH 
private void FaxMsg(Object sender, NewMailEventArgs e) { 

// 'sender' Mcno/ibByeTca a/ib B3anMOfleiicTBMa c o6beKTOM MailManager, 

// ec/iw noTpe6yeTca nepeaaTb eMy Kaxyio-TO MHctjopMapmo 

// 'e' onpefle^aeT flono/iHHTe/ibHyio MHfjjopMapmo o co6ntmh, 

// KOTopyio no>Ke/iaeT npeflocTaBMTb MailManager 

// 06biHHO pacno/io>KeHHbiii 3flecb KOfl OTnpaB^seT coo6meHne no <|)aKcy 
// TeCTOBafl pea/1H3apHB BbIBOAHT MH^OpMaumO Ha KOHCOAb 

Console.WriteLine("Faxing mail message:"); 

Console.WriteLine(" From={0}, To={l}, Subject={2}", 
e.From, e.To, e.Subject); 

} 

// 3tot MeTOfl MoxeT BbinoAHBTbCB aah OTMeHbi perHCTpapMH o6beKTa Fax 
// b KanecTBe nonyMTeafl yBeflOM^eHHH o co6biTMM NewMail 
public void Unregister(MailManager mm) { 

// OTMeHMTb perwcTpauMK) Ha yBeAOM/ieHwe o co6nthm NewMail o6beKTa 
MailManager. mm.NewMail -= FaxMsg; 

} 

} 

IIpii HHHiiHajiH3au;HH no^TOBoe npiuioaceHiie CHanaAa C03naeT o6beKT MailManager 
h coxpaHaeT ccbuiKy Ha Hero b nepeMeHHoii. 3aTeM oho C03/i,acT ookckt Fax, nepe/i,aiiari 
ccbuiKy Ha MailManager KaK napaMCTp. B KOHCTpyKTope Fax o6beKT Fax peniCTpiipyeTCH 
Ha yBenoMjieHHH o co6biTHii NewMail o6beicra MailManager npn noMomu onepaTopa += 
H3biKa C#: 

mm.NewMail += FaxMsg; 

06jianaH BCTpoeHHoii noAAepacKoii co6biTHH, KOMraijuiTop C# Tpaiic./mpycT one- 
paTop += b koa, pemcTpn|)vioinn ii ookcict a ah no.'iytemiM yi:c/i,OM. : iemiii o co6hthh: 

mm.add_NewMail(new EventFlandler<NewMailEventArgs>(this.FaxMsg)); 

KaK BHflHTe, KOMnruiHTop C# reHepupyeT koa, KOHCTpyHpyrouiHH AeneraTa 
EventHandler<NewMailEventArgs>, KOTopbiii HHKancyjmpyeT mctoa FaxMsg KJiacca 
Fax. 3aTCM KOMmuiHTop C# Bbi3biBaeT mctoa add_NewMail o6beKTa MailManager, nepe- 
AaBaa eMy HOBoro AeAeraTa. Kohchho, bm mo/icctc y6cAHTbca b stom, cKOMmiAnpoBaB 
koa h aaTC.vi FT3ynnB IL-koa c iiOMOiiibio taKoro HHCTpyMeHTa, KaK yTHAHta ILDasm.exe. 
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/laace neiio/ii.ova h3mk, He noAAepacHBaiomHH co6mthh HanpHMyio, moacho 3apern- 
CTpupoBaTb aejieraT aah yBeaoMjieHiiH o co6biTHH, hbho Bbi3BaB mctoa AOCTyna add. 
Pe3yjibTaT He iia.YieiiaeTca, toamco Hcxo/iiibiH TeKCT no. iytacTOi He CTOJib .'wieiaimibiM. 
HMeHHO mctoa add peniCTpiipyeT AeaeraTa aah yBeAOMAeHHH o co6biTHH, Ao6aBAHH 
ero b cnucoK AeAeraTOB aainioro co6p.it na. 

Kor/ia cpa6aTbiBaeT co6bmie o6beKTa MailManager, Bbi 3 biBaeTCH mctoa FaxMsg 06b- 
eKTa Fax. STOMy MeTOAy b nepBOM napaMCTpe sender nepeAaeTCfl ccbijiKa Ha o6beKT 
MailManager. Harpe Bcero 3tot napaMCTp iirHopiipyeTCH, ho oh moacct h ncnoAb 30 BaTb- 
ch, ccah b OTBeT Ha yBeflOMjieHiie o co6hthh o6beKT Fax noacejiaeT nojiyHHTb AOCTyn 
k nojiHM hi MCTO/iaM o6beKTa MailManager. BTopoii napaMCTp — ccbunca Ha o6beKT 
NewMailEventArgs. 3tot o6beicr coAepacirr bcio AonoAHiiTCAbHyio imcjiopMapHio, koto- 
pan, no mhchiiio NewMailEventArgs, MoaceT 6biTb nojie 3 Hoii aah nojiynaTejicii co6mthh. 

ITpn noMOipn o6beKTa NewMailEventArgs mctoa FaxMsg MoaceT 6 e 3 TpyAa nojiynuTb 
AOCTyn k CBe/i,eHiiJiM 06 OTnpaBHTejie h nojiynaTeae coo6ipeHiiH, ero TeMe h co6cTBeHHO 
TeKCTy. PeajibHbiii ooi.eicr Fax OTnpaBAHA 6bi 3 th CBeAeraiH a/px/caTy, ho b pai11 iom npn- 
MCpe OHII npOCTO BbIBOAHTCH Ha KOHCOAb. 

It or/ i,a ooi.eicpy 6 o.ii.iiic He HyacHbi yiie/i,OM./ieiiiia o go6mthhx, oh / 1,0/1 ace ii OTMeHHTb 
cboio periiCTpapino. I laii|)ii.vicp, o6beKT Fax otmchht cboio periiCTpapino b ica'pcc'i iie 
iio/iyoaTe/ia yiic/i, 0 M/ieiiii 3 o co6bithh NewMail, ec/i 11 no/ib 30 BaTe/no 60/ibrue He HyacHO 
nepecbi/iaTb coooinemiH .')/icicipoiiiioii iiotp p.i no (jpaiccy. IloKa o6beKT 3 apeniCTpHpo- 
BaH b ica'iecTise iio/iypaTe/ia yiscAO.vi/ieiiitH o co6mthh Apyroro o6beKTa, oh He ovact 
yHimToaceH y6opipiiKOM Mycopa. Ecjih b BarneM mne pea/iH 30 BaH mctoa Dispose 06b- 
eKTa IDisposable, yiiii'noaceiiiie o6beKTa /1,0/1/1010 Bbi 3 BaTb OTMeHy ero peniCTpapiiH 
b ica'iecTiic 110/iyia'ic/ia y 1 s e/ p, o m / i c i i ip ip 060 Bcex coop.pthhx (06 o6beKTe IDisposable 
cm. Taicace r/iaBy 21 ). 

Koa, pi/i. p poc ip iippy KOi p l 11 ii OTMeHy peniCTpapiiH, noKa3aH b hcxoahom TeKCTe mcto/ia 
Unregister o6beKTa Fax. Koa 3 Toro MeTOAa (jpaiCTH'ieeicn n/ym ii'peii KOHCTpyKTopy 
Tuna Fax. l/.tiiiic'i iieiiiioc op/ppi>ppic b tom, hto 3 Aecb bmccto += ncnoAb 30 BaH onepaTop 
-=. 06 HapyacHB koa, otmchhioiphh periiCTpapino AeaeraTa npn noMorpn onepaTopa -=, 
KOMraiAHTop C# reHepiipyeT bh 30 b MeTOAa remove 3 Toro co6mthh: 

mm. remove_NewMail(new E vent Handler<NeiA/Mai IE vent Args>( FaxMsg)); 

KaK h b c/iypac onepaTopa +=, Aaace npn iicno/ib 30 BaHioi aai.iica, hc noAAepaciiBaio- 
ipero co 6 biTHH HanpHMyio, moacho OTMeHiiTb periiCTpapino AeaeraTa ibhmm bm 30 bom 
MeTOAa AOCTyna remove, KOTopwii otmchhct periiCTpapino ACAeraTa nyTeM CKaroipoBamiH 
cniicKa b noHCKax/i,e/ici';iTa-o 6 o/io'iicn MeTOAa, cooTiscTCTiiyioinei'o nepeAaHHOMy. l/c/i ip 
coBnaACHiie o 6 HapyaceHO, AC/ieiaT y.ta/iacTCM 113 cnucica AeaeraTOB go6mth a. Ec/i 11 hct, 
to cnucoK AC/iei aTOis co6mthh ocTacTca, a omn 6 Ka He nponcxoAHT. 

KcTaTH, C# Tpe6yeT, hto6m /p,/i>i /i,o6aii/ieiiii3 h y.ta/iemia ac/ici/itoh H3 cniicKa b Ba- 
hihx nporpaMMax HCiio/ii>;soisa/iiici. onepaTopbi += h -=. Ec/i 11 iioiibnai bca HanpHMyio 
o6paTHTbCH k MeTOAaM add haii remove, komhhahtop C# creHepupyeT coo6meHiie 06 
oruH6Ke (CS 0571 : onepaTop hah mctoa AOCTyna 11e. ib.3a Bbi3biBaTb hbho): 

CS0571: cannot explicitly call operator or accessor 
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flBHoe ynpaB/iei-me perncTpauMew co6biTi/m 

B Time System.Windows. Forms .Control onpenejieHO okojio 70 coOhthh. Ecjih thii 
C ontrol peajiH3yeT co6mthh, iios.iso.imm KOMiin.iM'iopy hbho retiepiipoBaTb MC'i'O/u.i 
AOCTyna add h remove h nojra-flejieraTbi, to Kaayibift odbeKT Control 6 v;ict iimctp, 
70 nojieH-AejieraTOB /yia Kaacnoro co6mthh! Taic KaK mhotiix nporpaMMHCTOB iiHTepecyeT 
OTHOCHTeubHO Hedojibinoe noAMHoacecTBO coOmthh, ji,jih Kaacnoro odneKTa, co3naHHoro 
H3 npoii3Boa,Horo ot Control THna, orpoMHbiii o6beM naMHTH 6ya,eT pacxonoBaTbcsi 
HanpacHO. KcTaTH, rami System. Web. UI. Control (h 3 ASP.NET) h System. Windows. 
UIElement (h3 Windows Presentation Foundation, WPF) TaKace npe/yiaraiOT MHoacecTBO 
CodbITHH, KOTOpbie 60 JIbIHIIHCTB 0 nporpaMMHCTOB He HCnOJIb3yeT. 

B 3tom pa3/i,ejie paccKa3aHO o tom, KaKiiM o6pa30M KOMnmiHTop C# no3BOJineT 
paapaooT'iiiica.Yi peajiH30BbreaTb coOwthh, ynpaBjina TeM, KaK MeTO/u.i add n remove 
MaHimyjmpyiOT nejieraTaMH odparabix BM30B0B. H noKaacy, KaK HBHan peajiH3an,HH co- 
6biTHH noMoraeT acjxjieKTiiBHO peajni30BaTb Knacc c no/mepacKoft MHoacecTBa codbiraft. 
Biipo'icM, MisiiaM peajffl3an,iiH codbiraft rana MoaceT oKasai' p.cm nojie3Hoft h b upyi nx 
cmyauiiMx. 

acjicjieKTiiBHoro xpaHemiH nejieraTOB codbiraft Kaacubift odneKT, npuMemnoiuHii 
co6biTHH, noflflepaciiBaeT KOJUieKiuno (o6mhho 3to cjiOBapb), b KOTopoft imeHTiicjuiKaTop 
codbiTHH mis.imc icm K. iioMo.vi, a cniicoK nejieraTOB — 3,1 iai'leiiiievT. IIpii co.iuaiiHH hobo- 
ro oo'i.eicia kojutckuitm nycTa. Ilpn peniCTpaiiHH coop.ithm n/iemin})HKarap cooi.ithm 
H iueTcn b ia). i. ieicniiii. Ecjih ii/p,cipipk)) uKarop cooi.n ii m 6y;i,C'i' iiaii/i,ei[, to hobhh nejieraT 
/Uioais.iMC'iCM b cniicoK uejiei a'P'Ois ;i,./im oioio coop.itiim. Ecjih n;i,cm ii())iiicaao]) co6mthm 
H e iiaii;i,eii, to oh aooaisjiMCTCH k neaeraTaM. 

ITpiI IIHIIUIIIipOBaHIIH CodbITHH H/K'in HC))IP Ka'IO|) CodbITHH IPIUC'I CM B KOJUieKUIIII. 
Ecjih b KOjuieKuim HeT cooTBeTCTByiomero ajie.viem a, to coop.pthc He pci iiC'ipiipyc'iCM, 
a AejieraTbi He Bbi3biBaiOTCH. Ecjih ace HueHTinJuiKaTop co6mthh Haxo/urrcH b kojuickukh, 
TO BbI3bIBHK)TCH UCYICiaTP,l H3 CnilCKa, aCCOUIII1|)0isa illl0l () C 3THM HfleHTIIcjlHKaTOpOM co- 
dbiTHH. 3a peajiH3an,Hio stoto naTTepHa OTBeuaeT paapaooT'iiiiy KOTopbiii npoeKTHpyeT 
THn, oii|)e;i,cjiMioiniiii codbira m. Pa.apadoT'uiic, Hcnojib3yiomHH THn, oop.i'iiio He ii mcct 
npeACTaBjieHiM o BHyTpeHHeft peajiH3an,HH codbiraft. 

npiiBe/iy npiiMep B03MoacHoii peajiH3an,HH 3Toro naTTepHa. H peajiH30Baji KJiacc 
EventSet, iipcuc'iaisjiM ioipiii ii KOJUieKiuno codbiraft h chhcok neaeraTOB Kaacnoro co- 
dbiTiia cjieAyioiuHM o6pa30M: 

using System; 

using System.Collections.Generic; 
using System.Threading; 

// 3tot K/iacc Hy>KeH p,i ia noflflepxaHMfl 6e30nacH0CTM Tuna 
// it KOfla npn ncno/ib30BaHMM EventSet 
public sealed class EventKey : Object { } 

public sealed class EventSet { 

// 3aKpbiTbiM c/iOBapb cay*HT flaa 0T06pa>KeHMfl EventKey -> Delegate 
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private readonly Dictionary<EventKey, Delegate> m_events = 
newDictionary<EventKey, Delegate>(); 

// flo6aB^eHne OTo6pa>KeHMfl EventKey -> Delegate, ec/in ero He cymecTByeT 
// H KOMnoHOBKa fle^eraTa c cymecTByramniM kakjhom EventKey 
public void Add(EventKey eventKey, Delegate handler) { 

Monitor.Enter(m_events); 

Delegate d; 

m_events.TryGetValue(eventKey, out d); 

m_events[eventKey] = Delegate.Combine(d, handler); 

Monitor.Exit(m_events); 

} 

// YAa/ieHMe fle/ieraTa m 3 EventKey (ec/in oh cymecTByeT) 

// h paapbiB cbh3h EventKey -> Delegate npw yp,ar\e»v\v\ 

// noc/ieflHero ae^eraTa 

public void Remove(EventKey eventKey, Delegate handler) { 

Monitor.Enter(m_events); 

// Bbi30B TryGetValue npeaoTBpamaeT Bbiflany MCK/iKJHeHMH 

// npw nonbiTKe yfla^eHHH ae^eraTa c OTcyTCTByrauiMM kakjhom EventKey. 

Delegate d; 

if (m_events.TryGetValue(eventKey, out d)) { 
d = Delegate.Remove(d, handler); 

// Ecam fle/ieraT ocTaeTca, to ycTaHOBMTb hobnm kajoh EventKey, 

// MHane - yaa/iHTb EventKey 

if (d != null) m_events[eventKey] = d; 

else m_events.Remove(eventKey); 

} 

Monitor.Exit(m_events); 

} 

// HH<j)opMnpoBaHne o co6biTnn o6o3HaneHHoro K/iiona EventKey 
public void Raise(EventKey eventKey, Object sender, EventArgs e) { 

// He BbiflaBaTb MCKAJoneHMe npw OTcyTCTBMH KAmua EventKey 
Delegate d; 

Monitor.Enter(m_events); 
m_events.TryGetValue(eventKey, out d); 

Monitor.Exit(m_events); 

if (d != null) { 

// M3-3a Toro HTO C/lOBapb M0>KeT COflepxaTb HeCKOAbKO pa3HblX THnOB 
// AeneraTOB, HeB03M0>KH0 co3AaTb Bbi30B Ae/ieraTa, 6e3onacHbiii no 
// OTHOlUeHHK) K TMny, BO BpeMfl KOMnHAHLIMH. fl BbBblBaiO MeTOA 
// Dynamiclnvoke Tuna System.Delegate, nepeAaBaa eMy napaMeTpbi MeTOAa 
// o6paTHoro Bbi30Ba b BMAe MaccHBa o6beKTOB. Dynamiclnvoke 6yAeT 
// KOHTpoAHpoBaTb 6e3onacHOCTb TnnoB napaMeTpoB aar BbBbiBaeMoro 
// MeTOAa o6paTHoro BbBOBa. Ecam 6yAeT HaPtAeHo HecooTBeTCTBMe TnnoB, 
// BblAaeTCfl MCKAKJHeHMe. 

d.DynamicInvoke(newObject[] { sender, e }); 

} 

} 
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/la.'iec iipinse/ien npimep KJiacca, iiciio./ii)3yiomcro Kjiacc EventSet. 3 tot KJiacc 
HMeeT 11 o. ic, cci>i. i;iiorncccM Ha o6'i>(tct EventSet, h Ka>ic;i,oc co6biTHe H3 SToro KJiacca 
pcajinoycTCoi hbho TaKHM o6pa30M, 'no KaacAHH mcto/i, add coxpaHHeT oa/yumoio p,e- 
jieraTa o6paTHoro Bbi30Ba b o6beKTe EventSet, a Kaacubiii MeTon remove ymiHToacaeT 
aa/uimioro acnera'ia o6paTHoro Bbi30Ba (ecjm ilaiiacr ero). 

using System; 

// Onpeae/ieHne Tuna, yHac/ieflOBaHHoro ot EventArgs fl/ia stoto co6biTHH 
public class FooEventArgs : EventArgs { } 

public class TypeWithLotsOfEvents { 

// Onpefle/ieHHe 3aKpbuoro 3K3eMn/iapHoro nonn, ccbmammeroca Ha KO/i/ieKumo. 

// Ko/1/ieKpna ynpaB^seT MHOwecTBOM nap "Event/Delegate" 

// npHMenaHMe: Tun EventSet He bxoamt b FCL, 

// 3T0 MOH C 06 CTBeHHblH THn 

private readonly EventSet m_eventSet = newEventSet(); 

// 3amnmeHHoe cbomctbo no3BO/iaeT npon3BOflHbiM TinnaM pa6oTaTb c KO/i/ieKpHeii 
protected EventSet EventSet { get { return m_eventSet; } } 

#region Code to support the Foo event (repeat this pattern for additional events) 
// Onpefle/ieHHe H/ieHOB, Heo6xoflHMbix p,n» co6biTna Foo. 

// 2a. Co3flafiTe CTaTkinecKHii, floCTynHbiPi TO/ibKo a/ib HTeHHB o6beKT 
// fl/lfl HfleHTH(j)MKaLlHM C06blTMfl . 

// Ka*flbiFi o6teKT rnneeT CBoii xew-KOA fl/ia HaxojKfleHHB CBa3aHHoro cnincKa 
// fle/ieraTOB co6biTHB b KO/uieKpHM. 

protected static readonly EventKey s_fooEventKey = newEventKey(); 

// 2b. Onpeae/ieHHe fl/ia co6biTna MeTOflOB aocTyna p,n» flo6aB/ieHMH 
// nan yfla/ieHkia fle/ieraTa H3 KOA/ieKUMM. 
public event EventHandler<FooEventArgs> Foo { 
add { m_eventSet.Add(s_fooEventKey, value); } 
remove { m_eventSet.Remove(s_fooEventKey, value); } 

} 

// 2c. Onpefle/ieHine 3ammneHHOro BMpTya/ibHOro MeTOfla On ana btoto co6biTna. 
protected virtual void OnFoo(FooEventArgs e) { 
m_eventSet.Raise(s_fooEventKey, this, e); 

} 

// 2d. Onpefle/ieHine MeTOfla, npeo6pa3yiomero BxoflHbie aaHHbie stoto co6ntmh 

public void SimulateFoo() {OnFoo(newFooEventArgs());} 

ttendregion 

} 


nporpaMMHbiii icon, ncnojib3yiomiiH Tim TypeWithLotsOfEvents, He MoaceT CKa3aTb, 
6bIJI0 JIH Co6bITHe peajIH30BaH0 IICMISIIO K0MIII1./IMT0|)0M HJIH HBHO pa3pa6oTHHKOM. Oh 
npocTO pemcTpHpyeT cooiotihi c Hcnojib30BaHiieM oobrmoro CHHTaKCHca. IIpiiMep 
nporpaMMHoro Kona: 
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public sealed class Program { 
public static void Main() { 

TypeWithLotsOfEvents twle = new TypeWithLotsOfEvents(); 

// Ao6aB/ieHne o6paTHoro BbBOBa 
twle.Foo += HandleFooEvent; 

// npoBepaeM pa6oTOcnoco6HOCTb 
twle.SimulateFoo(); 

} 

private static void HandleFooEvent(object sender, FooEventArgs e) { 
Console.WriteLine("Handling Foo Event here..."); 

} 

} 



jiaea 12. 06o6iueHi/m 


Pa3pa6oTHIIKaM xopoino H3BeCTHbI AOCTOIIHCTBa 06 - beKTH 0 - 0 pneHTIip 0 BaHH 0 r 0 npo- 
rpaMMHpoBamm. Oyiio 113 K.iioMcmax ii|)cii.\iymccTH — B03M0ACH0CTb MHoroKpaTHoro 
nciio.ib.soHaimM roxa 3 a opct coaxainiM npoii3BOAHbix KJiaccoB, iiacxexyioippiix Bee B 03 - 
MoacHOCTH 6a30Boro KJiacca. B ii|)oii3ho/i,iiom Kjiacce moacho npocTO nepeonpeAeAHTb 
BiipTyajibHbie mctoah hah xooaiuiTbHOBbie mctoam, tiooijI H3MeHiiTb yipacxcxoiiaimiae 
ot 6a30Boro icxacca xapaKTepiiCTiiKii aah pememia hobhx aaxa'i. 06o6iu,eHusi (generics) — 
eme 0 x 1111 MexaHH3M, noAAepacHBaeMhiH cpe/poir CLR h aabiKa.vui nporpaMMiipoBamra 
Aah Apyroii paaiioiiii/piioc'i i'i MHoroKpaTHoro i-iciio. ib.'iObaimH ico/pa — a hmchho mhoto- 
KpaTHoro nciio.ib30iiaimM ajiropriTMOB. 

no cyTH, paapaoox'i 11 k omicbiBaeT aAropiiTM, iiaiijiHMcp, coprapoBKH, noncKa, 3aMe- 
Hbi, cpaBHemia hjih npeo6pa30BaHim, ho He yica3biBaeT tip 111,1 aamibix, c kotopmmh tot 
pa60TaeT, TIO ll03li0.l>ICT npiIMeHHTb ajirOpiITM K 06beKTaM pa3HbIX TimOB. I IpilMCIIMM 
roTOBbiii ajiropHTM, xpyioii pa3pa6oTmiK xoxjkcip yKa3aTb KOHKpeTHbie Timbi aahhmx, 
HanpHMep RJia anropiiTMa copTiipoBKii — Int32, String h t. r., a rjir ajiropiiTMa cpaB- 
HeHiia — DateTime, Version h t. r. 

BojibiHHHCTBO ajiropiiTMOB HHKancyjiHpoBaHO b Time. CLR iio/ixep>KiiisaeT cooxai 1 ne 
KaK o6o6meHHbIX CCbUIOHHblX, TaK II o6o6meHHbIX 3HaniIMbIX TimOB, O/UiaiCO o6o6meH- 
Hbie nepenucjiiiMbie Timbi He iio/ypcpacniiaiOTca. KpoMe Toro, CLR no3BOJiaeT coaxaisa'n, 
o6o6irpeHHbie iiHTepcjieiicbi h /peaeiaTOii. Hnoiypa nojie3Hbiii anropiiTM HHKancyjmpoBaH 
b oahom mctoac, noaTOMy CLR noAAepaciiBaeT co3Aamie o6o6irpeHHbix mctoaob, onpeAe- 
AeHHbix b ccbi./io'niOM Time, b ana'iiTMOM Time hah b iiiiTeppjieiice. 

B nacTHOCTH, b 6n6AiiOTeKe FCL onpeAeAeH o6o6meHHbiii aAropiiTM yiipaiixemia 
cnucKaMH, pa6oTaiomHH c Ha6opoM o6beKTOB. Tun o6beKTOB b o6o6irpeHHOM aAropiiT- 
Me He yKa3aH. Pa3pa6oTHiiK, KOTopbiii xo'tcr ncnoAb30BaTb TaKoii aAropiiTM, ao. : i>kcii 
yKa3aTb KOHKpeTHblii Tim AaHHbIX. 

FCL-KAacc, HHKancyAHpyiomHH o6o6meHHbiii aAropiiTM ynpaBACHiia cniPCKaMPi, Ha- 
3biBaeTca List<T> 11 onpeAeAeH b npocTpaHCTBeHMeH System.Collections .Generic. 
HcxoAHbiii TeKCT onpexcxeima 3Toro KAacca BbirAHAiiT CAeAyioirpiiM o6pa30M (npiiBO- 
AIITCH C COKpairpeHHHMIl): 

[Serializable] 

public class List<T> : IList<T>, ICollection<T>, IEnumerable<T>, 

IListj ICollection, IEnumerable { 

public List(); 

public void Add(T item); 

public Int32 BinarySearch(T item); 

public void ClearQ; 
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public Boolean Contains(T item); 
public Int32 IndexOf(T item); 
public Boolean Remove(T item); 
public void SortQ; 

public void Sort(IComparer<T> comparer); 
public void Sort(Comparison<T> comparison); 
public T[] ToArrayO; 

public Int32 Count { get; } 

public T this[Int32 index] { get; set; } 

} 

CiiMBOJiaMii <T> cpa3y nocne hmciiii KJiacca aBTop o6o6meHHoro KJiacca List yica3aji, 
uto KJiacc pa6oTaeT c Heonpe/iejieHHbiM TimoM naHHbix. IIpii onpeneiieHiiii o6o6meHHoro 
THna iijiii MCTO/i,a nepeMeHHbie, yKa3aHHbie bmccto Tima (HanpiiMep, T), naabiiiaiOTCM 
iiapaMempaMU muna (type parameters). T — 3 to iims nepeMeHHoii, KOTopoe npuMerraeTca 
b hcxouhom TeKCTe bo Bcex MecTax, rue iiciio.ibsyeiCM cooTBeTCTByiomiiii ran .tamibix. 
HanpiiMep, b onpenejieHiiri KJiacca List nepe.vHMiiia^i T cuyacHT napaMeTpoM (mcto/i, 
Add npriHHMaeT napaMeTp THna T) h B03BpamaeMbiM .sna'ieniie.M (mcto/i, ToArray bo 3- 
BpamaeT 0 / 1,1 lOMepiibiii Maccim Tima T) MCTo;i,a. /(pyroii npriMep — MeTOA-imneKcaTop 
(b C# oh naabibaeiCM this), y im/i,ci(caTopa ecTb mcto/i, AOCTyiia get, B03BpamaromiiH 
.iiianemic THna T, h mcto/i, /locryna set, iio./iy'iaioimiii napaMeTp Tima T. IlepeMeHHyK) T 
MO/KIIO IICn0JIb30BaTb B JIK)6oM MeCTC, 1/1,0 /1,0/l/KCII yKa3bIBaTbCH Tim /lailllbix — a 3lia'IHT, 
h npn oiipc/icjieimii /ioKa/ibHbix nepeMeHHbix BHyTpn mcto/ip hjih no/ieii BHyTpn Tima. 

nPMMEHAHME 

B peKOMeHflaunnx Microsoft Ana npoeKTHpoBLAHKOB yi<a3aH0, hto nepeMeHHbie napa- 
MeTpOB AO/DKHbl Ha3blBaTbCfl T HJIH, B KpaHHeM C/iyHae, HaHHHaTbCR C T (KaK, Hanpn- 
Mep, TKey hjih TValue). T 03HanaeT Tnn (type), a I 03HanaeT HHTepcfieHC (HanpnMep, 
IComparable). 


HTaK, noc/ie 01 ipc/m/iei imm o 6 o 6 meHHoro Tima List<T> roTOBbiii o 6 o 6 meHHbrii a/i- 
ropiiTM MoryT ncno/ib 30 BaTb npyriie pa 3 pa 6 oT i WKii; /17111 otoit) ohii npocTO yKa 3 biBaioT 
KOHKpeTHbin Tim /i,ai 111 bi x, c KOTopbiM ao./i/kch pa 6 oTaTb 9 tot a/iropiiTM. B c/iynae 0606 - 
meHHoro Tuna hjih MCTO/ra yKa 3 aHHbie Tirnbi AaHHbix Ha 3 biBaiOT apzyMeHmaMU-munaMU 
(type arguments). HanpiiMep, pa 3 pa 6 oTUHK MoaceT ncno/ib 30 BaTb anropiiTM List, yica 3 aB 
Tim DateTime b KauecTBe apry-Mcina-Ti-iiia: 

private static void SomeMethodQ { 

// Co3flaHwe cnncxa (List), pa6oTaiomero c o6beKTaMn DateTime 
List<DateTime> dtList = new List<DateTime>(); 

// flo6aB/ieHne o6beKTa DateTime b cnncox 
dtList.Add(DateTime.Now); // Ee3 ynaKOBKn 

// flo6aBneHne eine oahoto o6beKTa DateTime b cnncoK 
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dtList.Add(DateTime.MinValue); // Be3 ynaKOBKn 

// nonbiTKa flo6aBMTb o6beKT Tuna String b cnincoK 
dtList.Add("l/l/2004 "); // 0wn6Ka KOMnn/iflunn 

// M3B^S4eHne o6beKTa DateTime m 3 cnucKa 

DateTime dt = dtl_ist[0]; // npuBeaeHne TinnoB He Tpe6yeTCB 

} 

Ha nptiMepe 3Toro icona bhahh raaBHbie iipciiMyiuccTiiao6o6meHHH j\jia pa3pa6oT- 
'i ii icon. 

□ 3am,HTa HcxoflHoro ico/ia. PaapaooTMiiKy, ncnojib3yiomeMy o6o6meHHbiii ajiropitTM, 
He iiv>kcii /(OCTyn k iicxoaiiomv TeKCTy aaropHTMa (npn pa6oTe c maonoiiaM h C++ 
pa3pa6oTHHKy, hc:i ro. r p>3>y k> r iic.vTy aaropHTM, ipcooxoah.yp ero hcxoahmh tckct). 

□ Ee3onacHOCTb thiiob. Koiyui o6o6meHHbiii aaropHTM ripiiMeiiaeTca c KOHKpeTHbiM 
THnOM, KOMraiJIHTOp H CLR nOHIIMaiOT 3TO H CJieaHT 3a TeM, HTo6bI B a./irO|)HTMC 
IICn0JIb30BajIIICb JIIIIHb o6beKTbI, COBMCCTHMbie C 3THM TIinOM /1,31111 l>IX. HonblTKa IIO 
nojib30BaHiiH HecoBMecTHMoro o6beKTa i[|)iiisc;i,CT k omn6Ke Ha 3Tane komhhjihuhh 
hjih hck.i k >' i oi i ii k > bo ispe.Ytn immo.iiiemin. B i [an i c.vi npimepe nonbiTKa iicpe/ta'in 
o6beKTa String MeTOAy Add Bbi3biBaeT omn6Ky komhhjihphh. 

□ Eojiee npocTofl h noHHTHbift koa. nocKoabKy komiiiijimtop o6ecnemiBaeT 6e3onac- 

HOCTb THnOB, B HCXOAHOM TeKCTe Tpe6yCTC>[ MeHbHie Oliep3ll,l1 'A lipillSCACIIIlM THnOB, 

a TaKoii koa npome nucaTb h conpoBOACAam B r locaic/u re ii CTpoKe SomeMethod pa3- 
pa6oTHHKy He Hyaoro ncnojib30BaTb npiiBeAemie (DateT ime), HTo6bi npHCBOHTb nepe- 
MeHHoii dt pe3yabTaT Bbi30Ba HHAeKcaTopa (npn 3anpoce ojie.Yiema c hiiackcom 0). 

□ IIoBbimeHHe piponaiiOAinejibHOCTH. /jo nonmieiiiiM o6o6meHidi oahh h3 cnoco6oB 
onpeAeaemia o6o6meHHoro aaropHTMa .'saic.iionaacn b TaKOM oiipe/icjiemin Bcex ero 
HaeHOB, HTo6bi ohh <<yMean» pa6oTaTb c thiiom AaHHbix Object. L lro6bi aaropHTM 
pa6oTaa c 3K3eMnaHpaMH 3HamiMoro Tima, nepeA bm30bom hachob aaropiiTMa cpeAa 
CLR AoaacHa 6biaa ynaKOBaTb stot aicse.Yiii.inp. Kaic noKa3aHO b iviaise 5, ynaKOBKa 
Tpe6yeT isinACJiemin naMHTH b ynpaBaaeMOii icyne, [ ito npimoAHT k 6 oaee aacTbiM 
11po i iCAypa.vi y6opKH Mycopa, a 3to, b cboio onepeAb, CHiiacaeT npoH3BOAHTeabHOGTb 
npiiAoaceHim. I locKo.imcy o6o6in,eHHbm aaropiiTM moacho co3AaTb ;p, : i >i pa6oTbi 
C KOHKpeTHbiM 3HaHHMbIM TIinOM, 3K3CMnAHpbI 3HaHHMOrO Tima MOryT nepeAaBaTbCH 
no 3HaHeHiiio h CLR He HyacHO ii i>p i po. i ip a p i> ynaKOBKy. Onepaitim pi ])pi ijcvlcpppi ai rana 
TaKace He HyacHbi (cm. npeAbiAymnii nyHKT), noaTOMy CLR He HyacHO KOHTpoaiipoBaTb 
6e3onacHOCTb thhob npii hx npeo6pa30BaHini, tpo TaKace ycicopacT pa6oTy KOAa. 

Hto6h y6eAHTb Bac b tom, hto 0606 menu a noBbimaiOT npoii3BOAHTeAbHOCTb, a Ha- 
1 1 pica.; 1 nporpaMMy aah cpaisipeiiiin npoH3BOAHTeabHOCTH Heo6o6meHHoro aaropiiTMa 
ArrayList 113 6n6./moTCiai ic.iaccoii FCL h 0606 meimom aaropHTMa List. B xoAe Te- 
CTIipOBaHIIH II3MepHAaCb npOII3BOAHTeAbHOCTb aarOpiITMOB C o6beKTaMII KaK 3HamiMbIX, 
TaK H CCblAOHHbIX THnOB! 
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using System; 
using System.Collections; 
using System.Collections.Generic; 
using System.Diagnostics; 

public static class Program { 
public static void Main() { 

ValueTypePerfTest(); 

ReferenceTypePerfTest(); 

} 

private static void ValueTypePerfTest() { 
const Int32 count = 10000000; 

using (new OperationTimer("List<Int32>")) { 
List<Int32> 1 = new List<Int32>(); 
for (Int32 n = 0; n < count; n++) { 

l.Add(n); // Ee3 ynaxoBKin 

Int32 x = 1[n ] ; // Ee3 pacnaxoBKn 

} 

1 = null; // flyis yfla/iemia b npopecce y6opxn Mycopa 

} 

using (new OperationTimer("ArrayList of Int32")) { 
ArrayList a = new ArrayList(); 
for (Int32 n = 0; n < count; n++) { 

a.Add(n); // YnaxoBKa 

Int32 x = (Int32) a[n]; // PacnaxoBKa 

} 

a = null; // fl/is yfla/iemiB b npopecce y6opxin Mycopa 

} 


private static void ReferenceTypePerfTest() { 

const Int32 count = 10000000; 

using (new OperationTimer("List<String>")) { 

List<String> 1 = new List<String>(); 
for (Int32 n = 0; n < count; n++) { 

l.Add("X"); // KonupoBaHne ccn/ixm 

String x = l[n]; // KonupoBaHne ccn/ikm 

} 

1 = null; // fl/ia yfla/ieHna b npopecce y6opxn Mycopa 

} 

using (new OperationTimer("ArrayList of String")) { 

ArrayList a = new ArrayListQ; 
for (Int32 n = 0; n < count; n++) { 

a.Add("X"); // KonupoBaHne ccn/ikh 

String x = (String) a[n]; // npoBepxa npeo6pa30BaHnn 

} // n KonupoBaHne ccbmxn 

a = null; // flns yfla^eHMB b npopecce y6opxn Mycopa 
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} 

} 

} 

// K/iacc fl/ifl OLieHKM BpeMeHM BbinoyiHemnn onepapinii 
internal sealed class OperationTimer : IDisposable { 
private Int64 m_startTime; 
private String m_text; 
private Int32 m_collectionCount; 

public OperationTimer(String text) { 

PrepareForOperationQ; 

m_text = text; 

m_collectionCount = 6C.CollectionCount(0); 

// 3Ta KOMaHfla AO/i>KHa 6biTb noc/ieflHeii b btom MeToae 
// ana MaKcnMa/ibHO tohhom opeHKn bbicTpofleiicTBnn 
m_startTime = Stopwatch.StartNew(); 

} 

public void DisposeQ { 

Console.WriteLine("{0} (GCs={l,3}) {2}", (m_stopwatch.Elapsed), 
GC.CollectionCount(@) m_collectionCount, m_text); 

} 

private static void PrepareForOperation() { 

GC.Collect(); 

GC.WaitForPendingFinalizers(); 

GC.Collect(); 

} 


CKOMmuiiipoBaB 3Ty nporpaMMy b oKoii'taTC.'ii.noii isepcnn (c isK. iio'iomioii omm- 
MH3an,HeH) h BbinojiHiiB ee Ha CBoeM KOMnbiOTepe, a nojiyaiui c./rc/ty ior 11 h ii peayaiviaT: 

00:00:01.6246959 (GCs= 6) List<Int32> 

00:00:10.8555008 (GCs=390) ArrayList of Int32 

00:00:02.5427847 (GCs= 4) List<String> 

00:00:02.7944831 (GCs= 7) ArrayList of String 

KaK BHflHTe, c TimoM Int32 o6o6meHHbifi ajiropiiTM List pa6oTaeT ropa3no 6biCTpee, 
hcm Heo6o6meHHbiii ajiropiiTM ArrayList. Bonee Toro, pa3Hima orpoMHaa: 1,6 ceKyHAbi 
nporaB 11 ce kv i i/l to ecTb b 7 pa3 6biCTpee! KpoMe Toro, nciio. ; ip>3»()iiaimc aiia'Pii.Yiom 
Tima (Int32) c aaropiiTMOM ArrayList Tpe6yeT MHoacecTBa oncpanim ynaKOBKii, h, KaK 
pe3yabTaT, 390 npou,e/i,yp y6opKii Mycopa, a b anropHTMe List hx Bcero 6. 

Pe3yjibraTbi TecTHpoBamia naa ccbuioaHoro Tima He CTOJib isipe'ia'i.iMioinnc: Bpe- 
MeHHbie noKa3aTejm h hhcjio onepaiinfi y6opKii Mycopa 3/i,ecb npiiMepHO onimaKOBbi. 
IloaTOMy b .laiinoM cayaae y o6o6meHHoro ajiropHTMa List pca. p p>ipp>ix npeHMymecTB 
HeT. TeM He MeHee noMHHTe, hto npuMeHemie o6o6meHHoro ajiropHTMa ana'pmc.ipapo 
ynpomaeT koa h KOHTpojib thhob npn KOMniiJiaiinii. TaKHM o6pa30 M, xoth Bbiurpbima 
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B npOH3BOAHTeJIbHOCTH npaKTHHeCKH HeT, o6o6m,eHHL>IH ajirOpHTM o6bIHHO HMeeT 
h /ipyrne nperiMymecTBa. 

nPMMEHAHME 

Heo6xoflMMO noHMMaib, hto CLR reHepnpyei MamuHHbiM koa Ann nio6oro MeTOfla npn 
nepBOM ero Bbi30Be b npnM6HeHnn k KOHKpeTHOMy Ttiny AaHHbix. 3 to yBennnnBaeT pa3Mep 
paSonero Ha6opa npmioxeHna n CHnxaeT npon3BOAHTenbHOCTb. noAPo6Hee 06 3 tom 
M bi noroBopuM nyTb no3xe b pa3Aene «l/lHct>pacTpyKTypa o6o6meHni/i». 


06o6meHM5i b 6n6/iMOTeKe FCL 

Paay.vieeTCM, 060611 icnii h iipii.vieiinioTCM c KjiaccaMH kojiackuhh, h b FCLonpexeneno He- 
CKOJIbKO TaKHX o6o6meHHbIX KJiaCCOB. BoJIblHIIHCTBO OTHX KJiaCCOB MO/KIIO HaHTH B npO- 
CTpaHCTBax HMeH System.Collections.Generic h System.Collections.ObjectModel. 
Taioice hmctotcm 6e3onacHbie b OTHomemin noTOKOB KJiaccbi koaacktihh b npocTpaHCTBe 
hm6h System.Collections. Concurrent. Microsoft peKOMeHAyeT nporpaMMueraM ot- 
KasaTbCM ot Heo6o6meHHbix KJiaccoB ko.'i.icic r 1,11 ii b iio.ibsy hx o6o6meHHbix ana.iorois 
no HecKOJibKHM iipiriuiiaM. Bo-nepBbix, neo6o6ineiim>ic KJiaccbi kojuickahh, b otamhhc 
ot o6o6meHHbix, hc o6ecneHHBaiOT 6e3onacHOCTb tuiioh, npocTOTy h iioiiM i noc rb icoxa 
h noBbimemie ii|)oi]3iso;i,uTe. ; ibii()CTu. Bo-BTopbix, oObeicmaM moxc/i b y o6o6meHHbix 
KJiaccoB jiynnie, ne.vi y Heo6o6meHHbix. HanpiiMep, y hhx MeHbine BiipTyajibHbix mcto- 
AOB, tto noBbimaeT npoH3BOAHTejibHOCTb, aHOBbie '{.Teiibi, AOoaii.Teiiiibie b o6o6meHHbie 
KOJIJieKUHH, AOOaii.T 'A 101 HOByiO ())\T[KTlll()li;i.TbllOCTb. 

Kjiaccbi KOJiJieKUHH peajni3yiOT mhoaccctbo iiHTepcjieHCOB, a o6beKTbi, Ao6aBJiaeMbie 
B KOJIJieKUHH, MOryT peaJIH30BbIBaTb HHTepcJ)eHCbI, HCnOJIb3yeMbie KJiaCCaMII K0J1ACKHHH 
Aah TaKiix onepauHH, KaK copTiipoBKa h iiouck. B cocTaBe FCL iiocrab./iMeTca mhoaccctbo 
onpeAejieHiiii o6o6meHHbix HHTepcjieHCOB, noaTOMy npn pa6oTe c iTHTepc^eiicaMH TaKace 
AOCTynHbi nperiMymecTBa o6o6meHirii. BojibiniiHCTBO Hcnojib3yeMbix {iine|)())ciicois 
coAepacHTca b npocTpaHCTBe hmch System.Collections .Generic. 

HoBbieo6o6memibic nmepcjiciicbi Heaa.YienaiOT i[eo6o6in(‘mibic: bo vnionix ciiTya- 
H.HHX npHXOAHTCH 33AeHCTB0BaTb 06a BHAa IIHTepcjieHCOB. I l|)U'IHI[a — Heo6xOAHMOCTb 
coxpaHeHHH o6paTHOH coBMecTHMOCTH. HanpiiMep, ecjui 6bi KJiacc List<T> peaaH30- 
BbiBaji TOAbKO iniTepijxiic IList<T>, b KOAe iie.ibaM 6i>i.to 6bi paccMaTpHBaTb o6beKT 
List< DateTime> KaK IList. 

TaKate OTMeny, hto KJiacc System.Array, 6a30Bbiii aah Bcex TunoB Maccn- 
bob, noAAepacHBaeT MHoacecTBO CTaTiinecKHx o6o6meHHbix mctoaob, b tom niicne 

AsReadOnly, BinarySearch,ConvertAll,Exists,Find,FindAll, Findlndex,FindLast, 
Find LastIndex, ForEach, IndexOf, LastlndexOf,Resize, Sort h TrueForAll. BoTKaK 
BbirAHAHT HeKOTOpbie H3 HHX! 

public abstract class Array : ICloneable, IList, ICollection, IEnumerable, 
IStructuralComparable, IStructuralEquatable { 
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public static void Sort<T>(T[] array); 

public static void Sort<T>(T[] array, IComparer<T> comparer); 

public static Int32 BinarySearch<T>(T[] array, T value); 
public static Int32 BinarySearch<T>(T[] array, T value, 
IComparer<T> comparer); 

} 


CjienyiomiiH kor /iCMoiiCTpiipycT iipn.viciioimc HecKOjibKiix H3 3 thx mcto/ioh: 

public static void Main() { 

// Co3flaHne n uHMuna/in3aL4Mfi MaccuBa 6aPiT0B 
Byte[] byteArray = new Byte[] { 5, 1, 4, 2, 3 }; 

// Bbi30B a/iropuTMa copTupoBKin Byte[] 

Array.Sort<Byte>(byteArray); 

// Bbi30B anropuTMa abombhoto noucKa Byte[] 

Int32 i = Array.BinarySearch<Byte>(byteArray, 1); 

Console.WriteLine(i); // Bnboaht "0" 

} 


MH(J>pacTpyKTypa o6o6meHi/m 

I Io/mepacica o 6 o 6 meHiiii 6 buia ;i,o 6 aB. : icii;i b Bepcnio 2.0 CLR, Han ee pcaaiiaamieii nojiro 

Tpyumiocb MHoacecTBO cneuiiajiiiCTOB. /fjia no/taepacamiH pa 6 oTbi o 6 o 6 meHHH Microsoft 

iiV/Kiio 6 buio cnenaTb cue/iyioiace: 

□ Coa/piTi) HOBbie IL-KOMaHp,bi, paooTaioimic c apryMeHTaMii Tima. 

□ H3MeHiiTb (jiop.via'i cymecTByiomiix ra6./i n i i MCTa/uimibix Rjia BbipaaceHiin hmch 
T iinoB h MeTonoB c o6o6meHHbiMii napaMeTpaMH. 

□ 06 HOBiiTb MHorne H 3 biKii nporpaMMHpoBaHiia (b tom aiic.ne C#, Microsoft Visual 
Basic .NET h up.), uto 6 m oOecneuiiTb no/mepacicy hoboto ciiHTaKCiica u no 3 BOJiiiTb 
paa.paOoT'uiKaM onpeneiuiTb h ccbijiaTbca Ha hobmc oooomeimbic niiibi h .vicro/ua. 

□ H 3 MeHIITb KOMnilJIHTOpbl J3JIH reHepaH,HH HOBbIX IL-KOMaHU H H 3 MCHeHHOrO cjlOpMaTa 
.\iCTa/i,aiiiibix. 

□ H3MeHIITb JIT-KOMnHJIHTOp, HTo6bI OH o6pa6aTbIBajI HOBbie 1 L-KOMail/U>l, pa6oTaio- 
mne c apryMeHTaMii Tima, h C03naBaji KoppeKTHbiir MamiiHHbiii koh. 

□ Coa/pri b HOBbie 'urem.i OTpa>iccmia, Tioobi paapaooT'uiKii Moran 3 anpamHBaTb iih- 
t|)opMari,HK) o THnax h 'uieiiax, npoBepira y hiix iiajmaiie napaMeTpoB. 

□ OnpenemiTb HOBbie ujieHbi, npenocTaBjuiiomiie im 4 )opMaii,iiio OTpaaceHiia, uTo 6 bi 
paapaoo'i 'iiiKii moivih coa/iaiiaa ii onpeneneHim o 6 o 6 meHHbix thhob h mcto/iois bo 
B peMH iiciio. iiieiiiia. 
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□ H3MeHIITb OTJia/t'IH K, HTo6bI OH II0/tTCp>l(II lia.l o6o6m,eHHbie THnbI, ' [,/ICI i i>i , 110./1 M 
h jioKajibHbie nepeMeHHbie. 

□ H3MemiTb cjivmaoiio IntelliSense b Microsoft Visual Studio /yin OTOOpa/iccmui koh- 
KpeTHbix npoTOTHnoB 'uicnoii npn iicnojib30BaHHH o6o6meHHoro Tima 11.111 mcto/pi 
c yKa3aHiieM Tima /puiiibix. 

A Tenepb paaoepcMCM, KaK 0606 m id iihi pea.niayiOTCM bo BHyTpeHHiix MexaHii3Max 
CLR. 3Ta iiii()) 0 |)Man,iia iipnro/uncM BaM KaK npn npoeKTiipoBaHiin h C03/iaiiHH, TaK 
h npn Bbidope roTOBbix o 6 o 6 meHHbix ajiropHTMOB. 

OTKpbITbie l/l 3aKpblTbie THnbI 

H y>icc paccKa3biBaji, KaK CLR coa/piCT BHyTpeHHioio CTpyKTypy .aannbix a ./hi Kaacaoro 
THna, IIJHIMCIHICMOm B 11]) 11. I0XCCI 1I II I. 3th CTpyKTypbl aaHHbIX Ha3bIBai0T o6heKmaMU- 
munaMU (type objects). 06o6meHHbiii run raioice cunaciCH thiiom, h ana Hero CLR 
TO/Ke coa/iaer BHyTpeHHiiii o6beKT-Tim. 3 to cii|)aiic/i./iiiiso ,t./i a ccbuio'iiibix thiiob 
(KJ iaccoB), ./iiiaaiiMbix TiinoB (cTpyKTyp), HHTepc^eiicoB h aeaeraTOB. TeM He MeHee Tim 
c o6o6rueHHbiMii napaMeTpaMH-THnaMH Ha3biBai0T omKpumuM munoM (open type), a b 
CLR 3anpemeH0 KOHCTpyiipoBamie3K3eMnjiapoB OTKpbiTbixTiinoB (KaK h ;:)iC3C.viii. : ui|)Ob 
IIHTepcj)eHCHbIX THnOB). 

ITpn ccbuiKe Ha o6o6meHHbiH mn b Koae moscho onpcaeaiiTb Ha6op o6o6meHHbix 
apryMeHTOB Tima. Ecjih bccm aprv.Ytema.vi onpeaejieHHoro THna nepeaaiOTCJi aciic/mii- 
TeabHbie THnbi aaHHbix, to oh crai iobhtgh 3aK,pumuM munoM (closed type). CLR pa3- 
peniaeT coa/i/u 1 no 3K3eMnjuipoB 3aKpbiTbix thhob. TeM He MeHee b Koae, ccbi. ia ioiuc.vicM 
Ha o6o6meHHbiii THn, mo/scho He onpeaeanTb Bee ododmeHHbie apryMeHTbi THna. TaKHM 
o6pa30M, B CLR C03/U1CTCM HOBblii OO'bCKT OTKpblTOTO THna, ;:)K3,C.\III. IM|)bl KOTOporo 
C03aaBaTb iie.ib.3M. C.ie/i,yioiniiii 1 x 0 / 1 , iipoMCiiMCT CHTyan,iiio: 
using System; 

using System.Collections.Generic; 

// HacTMHHo onpeAe/ieHHbiii OTKpbiTbiii Tun 

internal sealed class DictionaryStringKey<TValue> : 

DictionarycString, TValue> { 

} 

public static class Program { 
public static void Main() { 

Object o = null; 

// Dictionaryc, > - OTKpbiTbiii nun c AByMfl napaMeTpaMit Tuna 
Type t = typeof(Dictionary<,>); 

// nonbiTKa C03flaHMa 3K3eMnnapa stoto Tuna (HeyAasHaa) 

0 = Createlnstance(t); 

Console. WriteLineQ; 

// DictionaryStringKeyo - OTKpbiTbiii Tun c oahmm napaMeTpoM Tuna 

npodojincenue & 
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t = typeof (DictionaryStringKeyo); 

// nonbiTKa co3p,s,HV\» 3K3eMn/iflpa 3toto Tuna (HeyflanHaa) 
o = Createlnstance(t); 

Console. WriteLineQ; 

// DictionaryStringKey<Guid> - 3 to 3aKpbiTbM Tun 
t = typeof(DictionaryStringKey<Guid>); 

// nonbiTKa co3flaHMa 3K3eMn/iapa btoto Tuna (yflaMHaa) 
o = Createlnstance(t); 

// flpoBepKa ycneuiHOCTM nonbiTKM 

Console.WriteLine("Object type=" + o.GetTypeQ); 

} 

private static Object CreateInstance(Type t) { 

Object o = null; 
try { 

o = Activator.Createlnstance(t); 

Console.Write("Created instance of {0}", t.ToStringQ); 

} 

catch (ArgumentException e) { 

Console.WriteLine(e.Message); 

} 

return o; 

} 

} 


Ecjih OTKOMmumpoBaTb h isi.ino. imn b .otot koh, bm \'ish;i,htc cjie/iynomee: 

Cannot create an instance of System.Collections.Generic. 

Dictionary'2[TKey,TValue] because Type.ContainsGenericParameters is true. 

Cannot create an instance of DictionaryStringKey'l[TValue] because 
Type.ContainsGenericParameters is true. 

Created instance of DictionaryStringKey'l[System.Guid] 

Object type=DictionaryStringKey'1[System.Guid] 

HTaK, npn nonbiTKe co;s/i,aima 3 K 3 eMruiapa OTKpbiToro Tuna mcto/i, Createlnstance 
o 6 beKTa Activator BbinaeT HCKJHoneHHe ArgumentException. Ha caMOM neiie coo 6 me- 
Hiie 06 HCKJiio’ieHHH 03 HaHaeT, hto ran bcc eme conepaaiT o 6 o 6 meHHbie napaivreTpbi Tima. 

B BbiBOUHMOii nporpaMMoii in[())op.viannn mi/uio, tio u.vienaTimoB aaiaui'iiiisaiOTca 
.TCisoii o/uiiio'inoii Kam.i'iKoii ('), 3a KOTopoii cneaycr hhcjio, ossiiauaiomcc apuocmb 
(arity) Tnna, to ecTb hhcjic neo6xo/i,uMbix p jih Hero napaMeTpoB Tnna. HanpnMep, ap- 
HOCTb KJiacca Dictionary paBHa 2, noTOMy tio ppp Hero TpcoycTca onpenejiiiTb ranbi 
TKey h TValue. ApHOCTb KJiacca DictionaryStringKey paBHa 1, TaK KaK Tpe6yeTca 
yKa3aTb jiimib oahh ran — TValue. 
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Heo6xo/uiMO OTMeTHTb, hto CLR pa3Mein,aeT CTaTHnecKiie nojia Tima b caMOM 
ofibCKTC-Time (cm. raaBy 4). CaeflOBaTejibHO, KaacAbiii 3aicpbiTbiH thii HMeeT cboh CTa- 
THHecKiie 11 o. i a . Miia'ie roBopa, cia'i H'iccKiic nojia, oii|)c;i,Cjiciim>ic b o6beKTe List<T>, 
He 6ya,yT coBMecmo Hcnojib30BaTbCH o6beKTaMH List<DateTime> h List<Stning>, 
noTOMy tio y icaac,zi,oro o6beKTa 3aKpbiToro imia ecTb cboh craTH'iccKne nojia. Ecjih ace 
b o6o6meHHOM THne onpcycjieii CTaTHnecKHH KOHCTpyKTop (cm. raaBy 8), to noCaen- 
hhh BbinojiHueTCH .yia 3aKpbiToro Tima jiHiHb pa3. H nor/pi paapaoonui kh onpeneamoT 
CTaTHHeCKHH KOHCTpyKTOp ,’(J\A o6o6meHHOTO THna, HTo6bI apryMeHTbl THna COOTBeT- 
CTBOBajiii onpe/i,ejieHHbiM icpmepmiM. Hanpimep, o6o6meHHbiH Tin, Hcnojib.iycMbiH 
TOJibKO c nepemicjiiiMbiMH TimaMH, onpeAejiaeTca caenyromim o6pa30M: 

internal sealed class GenericTypeThatRequiresAnEnum<T> { 
static GenericTypeThatRequiresAnEnum() { 
if (!typeof(T).IsEnum) { 

throw new ArgumentException("T must be an enumerated type"); 

} 

} 

} 

B CLR cymecTByeT Mexami 3 M ozpmmeHUU (constraints), iipc/yiaiaiomiiii 6 oaee 
y;uii'iiii)[ii HHCTpyMeHT oiipeyenemi a o 6 o 6 meHHoro THna c yKa3amieM nonycniMbix 
j\j in Hero apryMeHTOB THna. Ho 06 orpaHnneHiiax — 'lyn, no3ace. K coacaaemno, 3 tot 
MexaHI-I3M He n03B0aneT OrpaHHHHTb apryMCHTbl Tima TOabKO nCpCHHCJIHMbTMH TimaMII, 
noaTOMy b npeAHHymeM npimepe Heo 6 xoa,HM CTaTHnecKHH KOHCTpyKTop /yia npoBepKii 
Toro, tio Hcnojib3yeMbiH THn HBJiaeTca nepemicjiiiMbiM. 

06o6meHHbie Tnnt»i m Hac/ieAOBaHue 

06o6meHHbiii THn, KaK h bchkhh ypyroii, MoaceT 6biTb r i |>o 11.3 ho. li i i>i .vt ot ypymx th- 
noB. npn Hcnojib30BaHiiii o6o6meHHoro THna c yKa3aHiieM apryMeHTOB THna b CLR 
onpenejiaeTCH hobmh o6beicr-THn, npoH3Bop,HbiH ot toto ace THna, hto h o6o6meHHbiii 
Tim. Hanpimep, Tim List<T> HBaneTcn npoii3BO/i,Hbm ot Object, noaTOMy Timbi 
List<String> h List<Guid> Toace 6ynyT npoH3Bop,HbiMH ot Object. Aiia. ioni'ino, ran 
DictionaryStringKey<TValue> — npoii3Boa,HbiH ot DictionarycString, TValue>, no- 
3T0My Tim DictionaryStringKey<Guid> TaKace npoii3BO/i,HbiH ot DictionarycString, 
Guid>. noHHMaHiie toto, tio oiipc/pviemie apryMeHTOB THna He HMeeT Himero o6mero 
c nepapxHHMH HacaenoBamiH, no3BoaneT pa3o6paTbcn, Kaicne npiiBeneHiin TnnoB jx0- 
nycTHMbi, a Kaicne iici. 

Hanpimep, nycTb KJiacc Node cisH.aaimom criiicKa onpenejiaeTCH c.;ie/i,yiomiiM 06 - 
pa30M. 

internal sealed class Node<T> { 
public T m_data; 
public Node<T> m_next; 

public Node(T data) : this(data, null) { 

} 

npodojincenue & 
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public Node(T data, Node<T> next) { 
m_data = data; m_next = next; 

} 

public override String ToStringQ { 
return m_data.ToStringQ + 

((m_next != null) ? m_next.ToStringQ : null); 

} 

} 

To ivia icoa co3naHHH cbjt3hoto cnucKa oy/tcx BbirnaneTb npiiMepHO TaK: 

private static void SameDataLinkedListQ { 

Node<Char> head = new Node<Char>(' C'); 
head = new Node<Char>Q B', head); 
head = new Node<Char>Q A', head); 

Console.WriteLine(head.ToString()); // BbiBOflUTCfi "ABC" 

} 


B npi-iBencHHOM Kiiacce Node none m_next nonacHO ccbinaTbca Ha npyroii y3en, none 
m_data KOToporo conepaciiT tot ace Tim namibix. 3to 3HamiT, hto y3nbi cbh3hoto cnucKa 
nonacHbi HMeTb onimaKOBbin (unii npoii3Bon,Hbin) Tnn naHHbix. Hanpimep, iicnits a nc- 
nonb30BaTb Knacc Node ,vm co;s,iami a cbh3hoto cnucKa, b kotopom Tnn namibix o/uioio 
aneMema — Char, npyroro — DateTime, a TpeTbero — String... BepHee, MoacHO, ecnn 
Hcnonb30BaTb licanc Node<Object>, ho Torna mbi numaeMcn 6e3onacnocTH TnnoB Ha 
CTan,HH KOMnHnmiHH, a aiiauiiMbie Timbi oynyx ynaKOBbiBaTbca. 

CnenoBaTenbHO, oyncr nynme naua i b c onpcncncmia Heo6o6iu,eHHoro 6a30Boro 
Knacca Node, a 3aTCM onpeneniiTb o6o6meHHbiii Knacc TypedNode (ncnonb3yH Knacc Node 
KaK 6a30Bbiii). TaKoe pememie no3BonneT coa/urn, gbh3hmh cnucoK c npoii3BonbHbiM 
TimoM naHHbix y Kaacnoro y3na, noobaoisaTbCM npeHMymecTBaMH 6e3onacHOCTH thhob 
h H36eacaTb ynaKOBKH oiiaanMbix thhob. Bot onpcnenemiM hobhx KnaccoB: 

internal class Node { 
protected Node m_next; 

public Node(Node next) { 
m_next = next; 

} 

} 

internal sealed class TypedNode<T> : Node { 
public T m_data; 

public TypedNode(T data) : this(data, null) { 

} 

public TypedNode(T data. Node next) : base(next) { 
m_data = data; 

} 


public override String ToStringQ { 
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return m_data.ToString() + 

((m_next != null) ? m_next.ToString() : String.Empty); 

} 

} 


Tenepb moacho iiaimca'i b koa jiaa coaaaiiiiM cisaanoro cnncxa c pa3HbiMH TiinaMH 
AaHHbix y pa3Hbix y.aaoB. Koa 6yAeT m.ir, ia/i,C'i i) iipn.vicpno Tax: 

private static void DifferentDataLinkedList() { 

Node head = new TypedNode<Char>(".’); 

head = new TypedNode<DateTime>(DateTime.Now, head); 

head = new TypedNode<String>("Today is ", head); 

Console.WriteLine(head.ToString()); 

} 

HfleHTn4>m<aunfl o6o6meHHbix TunoB 

CiiHTaKCHC o6o6meHHbix thiiob aacTO npiiBOAHT pa3pa6oT i iHKOB b 3aMemaTejibCTBO. 
B iicxoahom KOAe noaii. iMC'iCM cumiiKOM MHoro 3HaxoB <<MeHbme» (<) h «6ojibme» (>), 
h 3to ciuibHO 3aTpyAHaeT ero HTeHiie. J\jm ynpomemin ciiHTaKcuca HexoTopbie pa3pa6oT- 
an KH 01 ipC.tC. I A IOT HOBblH Heo6o6meHHbIH THn Kjiacca, npOH3BOAHblfi ot o6o6meHHoro 
THna h oripc/LCa'i a ioiiihh Bee Heo6xoAHMbie apryMeHTbi THna. I laiipii.vicp, nycTb HyacHO 
ynpocTHTb CAeAyroniHH koa: 

List<DateTime> dt = new List<DateTime>(); 

HexoTopbie pa.3pa6oTHHKn cna'iajia oiipcAcaiaT K./iacc: 

internal sealed class DateTimeList : List<DateTime> { 

// 3flecb HHK3K0M KOfl fl 06 aB^flTb He Hy>KHO ! 

} 

Tenepb koa C03AAHhh cnucKa moacho HanncaTb npome (6e3 3HaK0B < h >): 
DateTimeList dt = new DateTimeListQ; 

3tot BapnaHT yAo6eH npn iicnoAb30BaHiin hoboto Tima aah napaMCTpoB, AOKajibHbix 
nepeMCHHbix h noAcii. H bcc ace hh b kocm caynae ne./[b;sM hbho onpeaeaHTb HOBbiii Kaacc 
.imiib 3aTeM, mtooli ynpocTHTb Tieime hcxoahoto icKcra. I Ipmnnia npocTa: nponaAaeT 
ToacAecTBeHHOCTb h DKBiTBaaeHTHOCTb TirnoB, icaic bhaho h3 cjiCAviomem KOAa: 

Boolean sameType = (typeof(List<DateTime>) == typeof(DateTimeList)); 

IIpii libmo.memin stoto koaa sameType iiiiiiniia.inanpycTCM .siia'ieniiCM false, no- 
TOMy tio cpaBHHBaiOTCJi Ana o6beKTa pa3Hbix TirnoB. 3 to Taoce .sna'iin, hto MeTOAy, 
b npoTOTime KOToporo onpeAeaeHO, tio oh npiiHiiMaeT aiia'iennc THna DateTimeList, 
iie.Tb3M nepeAaTb List<DateTime>. Tcm He .vienee MeTOAy, KOTopbiii aoaacch npHHHMaTb 
List<DateTime>, moxho nepeAaTb DateTimeList, noTOMy hto ran DateTimeList hb- 
aaeTCH npoii3BOAHbiM ot List<DateTime>. 3anyTaTbcn b stom oaeiib npocTO. 

K C'laCTblO, C# II0.3B0AHCT HCn0Ab30BaTb ynpOIILeHHblH CiiHTaKCHC AAH CCblAKH Ha 
o6o6meHHbIH 3aKpbITbIH THn, He BAHHIOHLHH Ha 3KBIIBajieHTH0CTb THnOB. /I, .TH 3T0T0 
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b Hanajio dpaikna c HCxonHbiM tckctom HyacHO AodarwTb CTapyio A,o6pyio AnpeKTimy 

using: 

using DateTimeList = System.Collections.Generic.List<System.DateTime>; 

3aecb .tupcKTHiia using npocTO onpenejifleT chmuo.ih'icckoc imh DateTimeList. 
IIpii KOMnnjumHH Kona KOMnHjiHTop 3aMeHHeT Bee BxoacAeHiia DateTimeList thiiom 
System.Collections .Generic. ListcSystem.DateTime>. TaKHMo6pa30M, pa3pa6oT- 
HHKII MOryT IICn0JIb30BaTb ynpOmeHHblii CHHTaKCHC, He M6HHH CMbICJI KO/ia H TeM CaMbIM 
coxpaHHH n/a‘m'H(})ii icamiio h toacacctbo THnoB. Tenepb npn BbinojmeHiiii rjrc/yylomcii 
CTpoKii KO/ta sameType HHim,iiajiii3iipyeTCH aiia'iemiCM true: 

Boolean sameType = (typeof(List<DateTime>) == typeof(DateTimeList)); 

J\jia yno6cTBa bm MoaceTe ncnojib30BaTb cbohctbo jioKajibHoii nepeMCHHofi HeaBHoro 
rana H3biKa C#, ana KOTopoii ia)\mii./mTop oooana'iacT THn ./loica.ibimii nepeMeHHoii 
MeTOna H3 Tima Barnero Bbipaacemm: 

using System; 

using System.Collections.Generic; 

internal sealed class SomeType { 
private static void SomeMethod () { 

// KoMnn/iflTop onpeAe/iaeT., mto dtl nMeeT Tun 
// System.Collections.Generic.List<System.DateTime> 
var dtl = List<DateTime>(); 

} 

} 

Pa3pacTaHne KOfla 

IIpii JIT-KOMniijiHU,ini o6o6m,eHHoro Mera/ia CLR noncTaBJiaeT b IL-koa MeTO/ia 
yKa3aHHbie apryMeHTbi-THnbi, a 3aTeM co3naeT MamiiHHbni koa, aah ashhoto MeTOna, 
pa6oTaiomero cKOHKpeTHbiMHTHnaMiiaamibix. 3to umciiiio to,hto HyacHO, h oto o/uia 
H3 ocHOBHbix <))viikii,ii ii o6o6meHiiii. Ho b TaKOM noAxoAe ecTb o/ihii ne/tocTaTOic CLR 
reHepupyeT MamiiHHbiH koa ana KaacAoro co'ic'iaima « .victoa + Tnn», tio ii|)iibo;iht 
k pa3pacmaHino Koda (code explosion); b more cymecTBeHHO yiiCJiii'iuiiacTCM paoo'iuii 
Ha6op npmioaceHiiH, CHiiacaa npoii3BOAHTejibHOCTb. 

K ciacTbio, b CLR ecTb hcckojibko MexaHH3MOB oimiMiiaanuu, npii3BaHHbix npeAOT- 
BpaTHTb pa3pacTaHiie KOAa. Bo-nepBbix, ecjm mctoa iibiabiisaeTCA ana KOHKpeTHoro 
apryMeHTa Tima h no3ace oh Bbi3biBaeTCH oim p, c TeM ace apry mchtom THna, CLR kom- 
im. ; mpycT ko a ana TaKoro co'iCTaiiiiM « mctoa + Tin» TOJibKO o/um pa3. I Iootomv, ecira 
List<DateTime> riciioribaycTca b aisvx coBepuieHHO pa3Hbix cdopicax (3arpyaceHHbix 
b oaiih AO.vicn npii.ioacemiii), CLR icoMmicmpycT mctoabi a a a List<DateTime> Bcero 
o/U'i 11 pa3. 3to cymecTBeHHO coKpamaeT CTeneHb paapacTaim a ico/i,a. 
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KpoMe Toro, CLR c'lirracT BeeapryMeHTbi ccbuiOTHoro THna io>k;i,cctis(‘iiiii.imh,hto 
on ti t, ace ooecnc'iiiiiacT coBMecTHoe Hcnojib 30 BaHiie ico/ia. HanpHMep, ico/p ckomiih- 
./mpoiiaimiiiii b CLR j(j\a mcto/iois List<String>, mo/icct npiiMeHHTbCH jiaa mcto/ioii 
List<Stream>, noTOMy hto String h Stream — ccbuiOHHbie Timbi. IIo cyTH, /via Bcex 
ccbuiOHHbix thiiob ilciio.Mb.'sycTca ofliiHaKOBbiii ico/i,. CLR Hbino. iiiMCT aTy oirm.viiioamiio, 
noTOMy tio Bee apryMeHTbi h nepeMeHHbie ccbi. io'iiiom THna — sto npocTO yKa 3 aTejm 
Ha o6beKTbi b icyte ( 32 -pa 3 pa/i,Hoe aiiaaemie b 32 -pa 3 pa/i,HOH h 64 -pa 3 pa/i,Hoe ona'ienue 
b 64 -pa 3 |)M,Tiioii BepcHii Windows), a Bee onepaiiini c yKa 3 aTC./iHMH Ha o6beKTbi bh- 
nojiHJHOTca 0/1,11 naicoiio. 

Ho ecjni apryMeHTbi THna othochtch k ;siia'iii\io.\iy THny, cpe/ia CLR /ipaacna creHe- 
pupOBaTb MaiHHHHblH ICO/I HMeHHO J(J\A 310IT) 3HaTHMOrO THna. 3 tO OObMCHHCTCH TeM, 
hto y 3i ia'i n m bix THnoB mo>kct 6biTb pa3Hbiii pa3Mep. H aaacc ec/i n /psa s.iia'iiiM bix THna 
HMeiOT o/imiaicoiibiii pa3Mep (Hanpimep, Int32 h UInt32 — sto 32-pa3|')M/i,iibic ana'ic- 
Hiia), CLR Bee paBHO He mo>kct hc/iio.ti>;jo na ri> /pin hhx c/iniibiii ico/p noTOMy tio /pin 
o6pa6oTKH 3 thx 3ila'iciinii MoryT npiiMeHHTbCH pa3Hbie MamiiHHbie KOMaHUbi. 


06o6meHHbie MHTep<t>eMCbi 

KoHenHO ace, ocHOBHoe npeiiMymecTBO o 6 o 6 meHini — sto ciiocooiioc'i b oiipc/ie.TMTb 
o 6 o 6 meHHbie ccbuiOTHbie h snaaiiMbic Timbi. Ho /pm CLR Taicace nc ic./i io'i n rc./i i>i 10 BaacHa 
no/mepacKa o 6 o 6 meHHbix HHTepcjieiicoB. Be 3 hhx mo6a.fi nonbiTKa padoTbi co SHamiMbiM 
THnoM nepe 3 Heo 6 o 6 meHHbiii iiHTepcjieHC (HanpriMep, IComparable) bchkhh pa 3 6yp.ej 
npiiBOAHTb k iieodxo/iHMOCTH ynaKOBKii h noTepe 6 e 3 onacnocTH thhob b npon,ecce 

KO MII lia >T H IT IT, TIO CHJIbHO Cy3HJI0 6bl o6/iaCTb lipilMCIKTIIIM 0000 11KT III bl X THnOB. BoT 
noneMy CLR no/i„a,epaciiBaeT o6o6meHHbie iinTcpcjiCHCbT. CcbuiOTHbiii h .ina’iHMbTii Timw 
peajiii3yiOT o6o6meHHbiii iiHTepcjieiic nyTeM sajiamiA apryMeHTOB-TimoB, hjih ace jho6oh 
ran pea/iH3yeT o6o6meHHMH iiHTepcjieHC, He aajxaaaa apryMeHTbi-THnbi. PaccMOTpHM 
HecKO/ibKO npriMepoB. 

Oiipe/ie.TCniie o6o6meHHoro iiiiTep<))eiica H3 6 h 6 .tiiotckti FCL (113 npocTpaHCTBa 
HMeH System.Collections.Generic) BbirjirmHT cne/iyiomiiMo6pa30M: 

public interface IEnumerator<T> : IDisposable, IEnumerator { 

T Current { get; } 

} 

CjienyiomHH THn peajni 3 yeT naHHbiii o 6 o 6 meHHbiii iinrepcjieiic h 3 aa,aeT apryMeHTbi 
THna. 

OopaTiiTC BHHMaHHe, tio odbeKT Triangle MoaceT nepenHCJiHTb Ha6op ootiCktois 
Point, a cbohctbo Current HMeeT THn Point: 

internal sealed class Triangle : IEnumerator<Point> { 
private Point[] m_vertices; 

// Tun cBOMCTBa Current b IEnumerator<Point> - sto Point 

npodonoKenue # 
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public Point Current { get { ... } } 


} 

Tenepb paccMOTpHM npimep rana, peaaH3yiomero tot ace o6o6meHHbifi HHTepcjieHC, 
ho 6e3 3a/iai i ii a apryMeHTOB-THnoB: 

internal sealed class ArrayEnumerator<T> : IEnumerator<T> { 
private T[] m_array; 

// Tun cBoPicTBa Current b IEnumerator<T> - T 
public T Current { get { ... } } 


} 

06paraTe BHiiMamie: o6beKT ArrayEnumerator nepenHcaaeT Ha6op o6beKTOB T (iA,e 
T He 3anaHO, nosTOMy koa, Hcnoab3yiomHH o6o6meHHbiH ran ArrayEnumerator, MoaceT 
3aa,aTb THn T no3ace). TaKace otmcuv, hto b stom iipiiMcpe cbohctbo Current iimcct He- 
oiipeACJiemii.iii THn /pimibix T. I loapoonec o6o6meHHbie HHTepcjieHCbi o6cy>ic/i,aiOTCM b 
raaBe 13. 


06o6uieHHbie Ae/ieraTbi 

IloAAepacKa o6o6meHHbix AeaeraraB b CLR no3BoaneT nepeAaBara MeTonaM o6paTHoro 
Bbi30Ba ,/iio6i)ic Timbi o6beKTOB, ooeciie'iHuaM npn stom 6e3onacHOCTb i iiiiois. Boaee 
toto, 6jiaroAapH o6o6meHHbiM AeaeraTaM 3K3eMnaapbi .niauHMom THna MoryT nepe- 
AaBaTbca mcto/p’im o6paTHoro Bbi30Ba 6e3 ynaKOBKii. Kax yace oTMenaaocb b raaBe 17, 
AeaeraT — sto npocTO oiipcACJieimc K.;iacca c iiomoihiuo ncTbipex mctoaob: KOHcapyK- 
Topa h MeTOAOB Invoke, Beginlnvoke h Endlnvoke. Ilpn onpcAcacmni rana AeaeraTa 
c napaMeTpaMii THna KOMnnanTop 3aaaeT mctoah Kaacca AeaeraTa, a napaMeTpbi THna 
npHMeHHiOTCH ko bccm MeTOAaM, napaMeTpbi h B03BpamaeMbie 3HaneHira kotopmx ot- 
hochtch k yKa3aHHOMy napaMeTpy Tima. 

Hanpimep, o6o6meHHbrii AeaeraT onpeAeaaeTca caeAyiontHM o6pa30M: 

public delegate TReturn CallMecTReturn, TKey, TValue>( 

TKey key, TValue value); 

KoMmuiHTop npeBpamaeT ero b Kaacc, KOTopwii Ha aonriccKOM ypoBHe BbiraaAHT Tax: 

public sealed class CallMe<TReturn, TKey, TValue> : MulticastDelegate { 
public CallMe(Object object, IntPtr method); 
public virtual TReturn Invoke(TKey key, TValue value); 
public virtual IAsyncResult BeginInvoke(TKey key, TValue value, 

AsyncCallback callback. Object object); 
public virtual TReturn EndInvoke(IAsyncResult result); 

} 
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n PM M EH AH ME 

TaM, rfle 3to bo3mo>kho, peKOMeHAyeTcn Mcno/ib 30 BaTbo 6 o 6 iAeHHbixAe/ieraTOB Action 
i/i Func m 3 6M6nMOTeKM FCL. FI onMca/i 3 tm TMnbi AeneraTOB b maBe 17. 


KoHTpaBapnaHTHbie m KOBapuaHTHbie apryMeHTbi-TMnbi 
b nenerajax u MHTep4>eiicax 

Kaac/tbiii H3 napaMeTpoB-THnoB o6o6m,eHHoro AejieraTa ao;i>kcii 6 biTb iiomckmi KaK 
KOBapnaHTHblii HJIH KOHTpaBapi-iaHTHblH. 3 tO IIOBBOJIIICT BaM OCymeCTBAHTb npiIBe- 
ACHHC Tima nepeMeHHon o6o6meHHoro AejieraTa k moMy Me muny denezama c npyniM 
napaMeTpoM-TimoM. IlapaMeTpbi-THnbi MoryT 6biTb: 

□ HHBapHaHTHbiMH. IlapaMeTp-THn He MoaceT imieirnbCM. IIoKa b oto ii rjiaBe npn- 
BOAHjmcb TOJibKO HHBapnaHTHbie napaMeTpbi-THnbi. 

□ KoHTpaBapHaHTHbiMH. IlapaMeTp-Tiin MoaceT 6biTb npeo6pa30BaH ot KJiacca k KJiaccy, 
npoH3BOAHOMy ot Hero. B M3i>iice C# Kompaisapnamnbiri run o6o3HanaeTCH k./iiomc- 
BbiM cjiobom in. KoHTpaBapHaHTHbiii napaMeTp-THn MoaceT noHBJiHTbca TOJibKO bo 
B xoAHoii no3im,im, HanpuMep, b Kanec'i isc apryMeHTOB ,\iCTO/i,a. 

□ KoBapHaHTHbiMH. ApryMeHT-THn MoaceT 6biTb npeo6pa30BaH ot KJiacca k o a homy 
H 3 ero 6a30Bbix KJiaccoB. B iianuce C# KObapnainiibui Tun 060.3nanacTOi K. iionciibiM 
cjiobom out. KoBapiiaHTHbiii napaMeTp o6o6meHHoro Tima MoaceT nouBJuiTbCH TOJibKO 
b bhxoahoh no3Hii,HH, Hanpimep, b KanccTiiC B03BpamaeMoro .iiianciniM mcto/ia. 

I lpe/i,ii()./io>KHM, n io cymecTByeT cjiCAyiomiiii Tim /tcjicraia: 
public delegate TResult Funccin T, out TResult>(T arg); 

3/iccb napaMeTp-THn T iiomckmi cjiobom in, /ic./iaioimi.vi ero KOHTpaBapnaHTHbiM, 
a napaMeTp-ran TResult iiomcucii cjiobom out, ;i,c. : iaioinii.vi ero KOBapiiaHTHbiM. 

IlycTb ofi'bnii. ieiia cjicyiyioman nepeMeHHaji: 

FunccObject, ArgumentException> fnl = null; 

Ee MoacHO iipuisccm k THny Func c Apyni.viri 1 [apa.vic'ipa.vi m-thi la.vi 11: 

FunccString, Exception> fn2 = fnl; // Abhoto npuBeaeHun Tima He Tpe6yeTCH 
Exception e = fn2("")j 

3to roBopnT o tom, 'no fnl ccbmaeTCH Ha rjiymcmi 10, Koiopaa no./iynacT Object 
11 B 03 BpamaeT ArgumentException. I Icpe.vieiiiiaa f n2 iibnacTCH cocjiaTbcn Ha mctoa, 
KOTopbiii nojiynacT String 11 B03Bpain,aeT Exception. TaK KaK mbi MoaceM nepc/unb 
String MeTOAy, KOTopoMy TpcfiycTca Tim Object (Tim String aii. iaeica npoii3BOAHbiM 
ot Object), a pe3yjibTaT mcto/ia, B03Bpamaiomero ArgumentException, MoateT mrrep- 
npeTiipoBaTbca KaK Exception (Tim ArgumentException ab.iacTOi npo 11:1 noju 1 i>im ot 
E xception), iipcACTaiucimbiii 3/i.ecb nporpaMMHbiii koa OTKOMirajmpyeTCfl, a Ha 3Tane 
KOMnujimiiiH oy/iCT coxpaHCHa 6e3onacHOCTb TimoB. 
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nPMMEHAHME 

BapnaHTHOCTb fleticTByeT ranbxo b tom cpyuae, ecPH xoMnn/iHTop CMOxeT yciaHOBUTb 
B03M0XH0CTb npeo6pa30BaHuq ccbmoK Mexfly TnnaMn. flpyrnMM c/iOBaMn, BapnaHT- 
HOCTb HenpuMeHHMa ajih 3HannMbix TunoB n3-3a HeobxoAHMOCTM ynaxoBxia (boxing). 
9\ CHMTaio, hto M3-3a 3Toro orpaHHHeHiaa BapnaHTHOCTb cymecTBeHHO TepneT cboio no- 
ne3HOCTb. HanpnMep: 

void ProcessCollection(IEnumerable<Object> collection) { ... } 

9\ He CMory Bbi3BaTb 3 tot MeTOA, nepeAaBan ccbmKy Ha obtexT List<DateTime> M3-3a 
HeB03M0XH0c™ ccbinoHHoro npeobpa30BaHna MexAy 3HaunMbiM TnnoM DateTime h obb- 
exTOM Object, Aaxe ecpn DateTimeyHac/ieAOBaH OTobtexTa Object. Moxho pewHTbSTy 
npobneMy c/ieAyiOLAMM obpa30M: 

void ProcessCollection<T>(IEnumerable<T> collection) { ... } 

Eojibinoe npetiMyLAecTBO 3anncu ProcessCollection(IEnumerable<Object> collection) 
3axjiKDHaeTcn b tom, hto 3Aecb ncno/ib3yeTcn Tonbxo OAHa Bepcna JIT-xoAa. OAHaxo 
Atm ProcessCollection<T> (IEnumerable<T> collection) Toxe cymecTByeT ranbxo OAHa 
BepcHn JIT-xoAa, coBMecTHO ncnonb3yeMan BceMia T, pbtihkdlammhcp ccbmoHHbiMM th- 
naMH. fljin T, PB/iniOLAHxcn 3HannMbiMn TianaMn, byAyT reHepnpoBaTbca APynae Bepcrin 
JIT-xoAa, ho no xpanHefi Mepe Tenepb moxho Bbi3BaTb MeTOA c nepeAanen eMy xoppexpni/i 
3HannMoro Tuna. 

BaptiaHTHOCTbTaxxe HeAonycTMMa aph napaMeTpa-Ttma, ecnv\ npn nepeAaue apryMeHTa 
3 toto Tuna ncno/ib3yiOTcn x/uoneBbie c/iOBa out h ref. Hanpi/iMep, app ctpoxm: 

delegate void SomeDelegatecin T>(ref T t); 

xoMni/uiHTop BbiAaeT cpeAyiouiee coobmeHMe ob OLimbxe (HeAeMCTBHTeabHan Ba- 
pnaHTHOCTb: napaMeTp-Ttm 'T' AonxeH bbiTb MHBapriaHTHO AetiCTBnTePbHbiM aph 
’S omeDelegate<T>.lnvoke(ref T)'. riapaMeTp-Ti/in T xoHTpaBapiaaHTeH): 

Invalid variance: The type parameter 'T' must be invariantly valid on 
'SomeDelegate<T>.Invoke(ref T)'. 'T' is contravariant 


IIpii iicnojib30BaHini ACAcraTOii c o 6 o 6 meHHbiMH apryMeHTaMH a B03BpamaeMbiMH 
3HaAeHiiHMH pcicoMCittycTCM Bceiyta Hcnojib30BaTb K. iioHCiibic ciiOBa in h out 060 - 
3HaAeHIIH KOHTpaBapi-iaHTHOCTH H KOBapiiaHTHOCTH liCS/IC, r/l,C 3TO B03M03KH0. 3 tO He 
npiIBOAHT HI I K KaKIIM I [C>ICC./IATCVI1,1 1 bl M nOCJieACTBHHM, HO n03B0JIHT npiIMeHHTb BaiHHX 
AeneraTOB b 6 ojibmeM KOjnraecTBe cu,eHapneB. 

KaK h b cjiynae c /icjicnna.viu, iiapaMC'ipia- ruiibi nmep<})Ciicon MoryT 6biTb jih6o 
KOHTpaBapnaHTHblMH, JHl6o KOBapiiaHTHblMH. I IpilliCAV npHMCp lim cpcjiciica C KOHTpa- 
BapnaHTHbiM napaMeTpoM o6o6meHHoro Tima: 

public interface IEnumeratorcout T> : IEnumerator { 

Boolean MoveNextQ; 

T Current { get; } 

} 

KoHTpaBapnaHTHOCTb T no 3 BOJuieT ycneniHO CKOMmumpoBaTb h BbinojiHiiTb ciie- 
TtvroiHHH nporpaMMHbiii koa: 
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// 3tot MeTOfl flonycKaeT MHTep<j)enc IEnumerable /iio6oro ccbmonHoro Tuna 
Int32 Count(IEnumerable<Object> collection) { ... } 


// 3tot Bbi30B nepeflaeT IEnumerable<String> b Count 
Int32 c = Count(new[] { "Grant" }); 


BHMMAHME 

MHorAa pa3pa6oTHHKM cnpawMBaiOT, noneiviy ohm AonxHbi hbho yKa3bmaTb c/iobo in mjim 
out b napaMeipax o6o6LueHHoro TMna. Ohm nonaraiOT, hto KOivinM/inTop MOxeT caMO- 
CTomenbHO npoBepMTb o6t.nBtieHMe AeneraTOB m/im MHTepcfieMCOB m aBTOMaTMnecKM 
onpeAe/iMTb, hbjihhdtch am napaMeipu o6o6LueHHoro TMna KOHTpaBapMaHTHbiMM mam 
KOB apnaHTHbiMM. HecMOTpn Ha to hto KOMnn/inTop AeMCTBMTe/ibHO MOxeT 3 to onpeAe- 
jinTb aBTOMaTMnecKM, pa3pa6oTHMKM «3biKa C# CHMTaiOT, hto npM onpeAeneHMM KOHTpaKTa 
cneAyeTyKa3biBaTb3TM cnoBa b hbhom bmao. npeACTaBbre, hto KOMnn/iHTop onpeAenn/i, 
hto napaMeTp o6o6Lu,eHHoro TMna KOHTpaBapMaHTeH, a 3aTeM b OyAymeivi b MHTepcfieMC 
6yAeT Ao6aB/ieH nneH c napaivieTpoM-TnnoM b bmxoahom no3MpMM. B CAeAyioiAMM pa3 
npn KOMnMTiHAMM KOMnM/iHTop onpeAeAMT, hto 3tot napaMeTp-TMn MHBapMaHTeH, ho b Tex 
MecTax KOAa, rAe McnoAb3yeTca (JjaKT KOHTpaBapMaHTHOCTM napaivieTpa-TMna, MoryT 
B03HMKHyTb 0 LUm6kM. 

no 3 tom npMHMHe pa3pa6oTHMKM KOMnM/iHTopa Tpe6yiOT tohho onpeAenaTb napaivieTp- 
TMn. npM nonbiTKe McnoAb30BaHMA 3Toro napaMeTpa-TMna b KOHTeKCTe, He cooTBeT- 
CTByHDLAeM oStnBJieHMK), KOMnM/inTop BbiAacT oiiiM6Ky c cooSmeHMeM o HapyuieHMM 
KOHTpaKTa. Ecjim noTOM bn peujMTe McnpaBMTb koa nyTeM Ao6aB/ieHMH in mtim out aah 
napaMeTpoB-TMnoB, BaM npMAeTcn BHecTM M3MeHeHMn b nporpaMMHbiM koa, McnoAb- 
3yK3UJ,MM CTapbIM KOHTpaKT. 


06o6iueHHbie MeTOflbi 

IIpii onpc/tcjTCHHH o6o6meHHoro <'('!,[.1 o ( 111oi’o it .siiaHiiMoro Tima hjih mnepcjiCMca 
Bee MeTOAbi, onpeAeACHHbie b 3thx Timax, MoryT HcnoAb30BaTb hx napaMeTp-THn. 
IlapaMeTp-THn moacct HcnoAb30BaTbCH aah napaMeTpoB mctoas, B03Bpam,aeMoro 
3HaAeHiiH MeTOAa hah Tima 3aAaHHofi BHyTpn Hero aokaaiaio ft nepeMeHHoft. Ho CLR 
Taioiie no3BOAaeT MeTOAy HMeTb co6cTBeHHbie napaMeTpbi-THnbi, KOTopbie MoryT npn- 
MeHHTbCH AAH napaMCTpOB, B03BpamaeMbIX 3HaHCHHH HAH AOKaAbHbIX nepeMeHHbIX. 
Bot HeMHoro HCKyccTBeHHbift npuMep Tima, b kotopom onpeAeAHiOTCH napaMeTp-THn 
h MeTOA c co6cTBeHHbiM napaMeTpoM-TimoM: 

internal sealed class GenericType<T> { 
private T m_value; 

public GenericType(T value) { m_value = value; } 

public TOutput Converter<TOutput>() { 

TOutput result = (TOutput) Convert.ChangeTypeCrri-Value, typeof(TOutput)); 

npodojioKeuue & 
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return result; 

} 

} 


3/icci< b KJiacce GenericType onpeaemieTCH cboh napaMeTp-THn (T), a b mcto/ic 
Converter — cboh (TOutput). Bjiaronapa .OTO.viy Moamo C03,a,aTb KJiacc GenericType, 
pa6oTaiomiiH c nio6biM thiiom. MeTOA Converter npeo6pa3yeT o6beKT, Ha KOTopbiii 
ccbuiaeTca none m_value, b npyrne thipi>i b 3aBHCHMOCTH ot apryMema THna, rrepc/uni- 
Horo eMy npn ero Bbi30Be. Bo3MoaoiocTb onpenenemiH He3aBiiciiMbix napaMeTpoB-TimoB 
h napaMeTpoB mcto/pi /tact He6breanyio rn6KOCTb. 

yAaHHbiii npHMep o6o6meHHoro MeTOna — mctoa Swap: 

private static void Swap<T>(ref T ol, ref T o2) { 

T temp = ol; 
ol - o2; 
o2 = temp; 

> 

Tenepb Bbi3biBaTb Swap H3 Kona Moamo cnenyiomHM o6pa30M: 

private static void CallingSwap() { 

Int32 nl = 1, n2 = 2; 

Console.WriteLine("nl={0}, n2={l}", nl, n2); 

Swap<Int32>(ref nl, ref n2); 

Console.WriteLine("nl={0}, n2={l}", nl, n2); 

String si = "Aidan", s2 = "Grant"; 

Console.WriteLine("sl={0}, s2={l}", si, s2); 

Swap<String>(ref si, ref s2); 

Console.WriteLine("sl={0}, s2={l}", si, s2); 

} 

Hcnojib30BaHiie o6o6meHHbix THnoB c MeionaMH, nonynaiomHMH napaMeipbi out 
h ref, oco6eHHO HHTepecHO tcm, mto nepcMemibie, iicpc/uusacMPiie b KanecTBe apry.vK'ma 
out/ ref, nojiacHbi 6biTb Toro ace Tima, tto h napaMCTp MeTO/ia, btoSm H36eacaTb B03Moac- 
Horo HapymeHiiH 6e3onacHOCTH THnoB. 3ia oco6eHHOCTb napaMeTpoB out/ref o6cyac- 
.lacTCti b raaBe 9. B cviuiiocth, umciiiio nooTO.vty MeTOUbi Exchange h CompareExchange 
KJiacca Interlocked no/mepxHBaiOT o6o6meHHyio neperpy3Ky‘: 

public static class Interlocked { 

public static T Exchange<T>(ref T locationl, T value) where T: class; 
public static T CompareExchange<T>( 

ref T locationl, T value, T comparand) where T: class; 

} 

06o6meHHbie MeTOflbi u BbiBeAeHue mnoB 

CiiHTaKciic o6o6iueHHH b C# co BceMH ero 3HaKaMii «MeHbme» h «6onbine» pi])pt iso/lppt 
b 3aMemaTejibCTBO mhooix paapafio'i'iiiicois. C non bio ynpocniTbcoa/pu ppic, 'neiiue h pa- 


1 


KaioaeBoe cjiobo where onucaHO b pa 3 . 5 e.ne «Bepii4»iKaiiiiH h orpaHmemiH* 3Toii rnaBbi. 
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6oTy c koaom KOMraijiHTop C# npe/yiaraeT jiozmeacoe eueedenue munoe (type inference) 
npn BbI30Be o6o6meHHbIX MeTOAOB. 3 tO 3HanHT, HTO KOMnilJIHTOp nbITaeTCH OnpeACJIUTb 
(hjih jiooinecKii BbiBec™) i nn, KOTopbifi 6y,tCT airro.viaimtecKTi ncnojib30BaTbCH npn 
Bbi30Be ooooiiutiiioio MCTO,ta. JIonnrecKHH bmboa union nponeMOHCTpupoBaH b c.;ie- 
AyiomeM cjrparMeHTe Kona: 

private static void CallingSwapUsingInference() { 

Int32 nl = 1, n2 = 2; 

Swap(ref nl, ref n2); // BbBbiBaeT Swap<Int32> 

String si = "Aidan"; 

Object s2 = "Grant"; 

Swap(ref si, ref s2); // 0wn6Ka, HeB03M0>KH0 BbiBecTu Tun 

} 

06paTHTe BHHMaHHe, ito b 3tom koac npn Bbi30Be Swap apryMeHTbi Tima He 3a/i,aiOTCH 
C nOMOIltblO 3HaKOB < H >. B nepBOM BbI30Be Swap KOMIIII.IMTOp C# CyMejI yCTaHOBIITb, 
hto iiepcMCniibie nl h n2 othochtch k THny Int32, iio.9TO.viy oh Bbi3Baji Swap, iicnojib3yjr 
apry.viem-Tni[ Int32. 

ITpii BbinojiHeHiiii .Torii'iccKom BbiBeAeHiiH THna b C# iicno. ; ib.3ycTCTi THn /[.ami i>ix 
nepeMeHHOii, a He (jiaKTiiMCCKiiii Tim o6beKTa, Ha KOTopbifi ccbuiaeTca 9Ta iiepe.viemiaH. 
IIoaTOMy bo BTopoM Bbi30Be Swap Ko.viiin. : iMTO|) C# <<bhaht», 'no si HMeeT THn String, 
a s2 — Object (xoth s2 ccbijiaeTca Ha String). IIocKOJibKy y nepeMeHHbix si h s2 
pa3Hbni THn .tammix, KOMniuinTop He moacct c lOTiiocibio BbrnecTH THn , 1.1 m apryMcma 
THna MeTO^a Swap h isbi,iaci' omn6Ky (omn6Ka CS0411: apryMeHTbi THna /yin MCio,ia 
Program.Swap<T>(ref 1, ref T) He MoryT 6biTb BbiBeneHbi. nonpo6yirre hbho 3aa,aTb 
apryMeHTbi THna): 

error CS0411: The type arguments for method ’Program.Swap<T>(ref T, ref T)’ cannot 
be inferred from the usage. Try specifying the type arguments explicitly 

Tun MoaceT onpenejinTb HecKOJibKO mctoaob TaKHM o6pa30M, hto oahh 113 hiix 6ya,eT 
npiiHHMaTb KOHKpeTHbni THn ,iaimi)ix, a npyroii — o6o6meHHbni napaMeTp-Tim, ioik 
b 9tom npHMepe: 

private static void Display(String s) { 

Console.WriteLine(s); 

} 

private static void Display<T>(T o) { 

Display (o.ToString()); // BbBbiBaeT Display (String) 

} 

M eio,i Display Moamo Bbi3BaTb HecKOJibKiiMH cnoco6aMii: 

Display("leff"); // BbBbiBaeT Display(String) 

Display(123); // BbBbiBaeT Display<T>(T) 

Display<String>("Aidan"); // BbBbiBaeT Display<T>(T) 

B nepBOM cjiynae KOMnmiHTop MoaceT Bbi3BaTb jiii6o mctoa Display, npHHHMaiomHH 
String, jiii6o o6o6meHHbiH mctoa Display (3aMeHHH T TimoM String). Ho KOMmumTop 
C# Bceraa Bbi6npaeT hbhoc, a He o6o6meHHoe cooTBeTCTBiie, noatoMy reHepiipyeT bh30b 
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Heo6o6meHHoro Mera/ia Display, no/iynaiomero String. Bo btopom c/iynae KOMniuiHTop 
He MoaceT Bbi3BaTb Heo6o6meHHbiii mcto/p, Display, nojiynaiomHH String, nosTOMy oh 
B bi3biBaeT o6o6meHHbrii mcto/i Display. KcTara, ohchb yAaHHO, hto KOMniuiHTop Bceraa 
HbionpacT6o./iccHBHoecooTBeTCTBiie. Bc/ip. ec/i 116 biKOMniuiHTopBbi 6 pajiooooineiiiii.iii 
Mero/i Display, tot Bbi3Ban 6bi mcto/i, ToString, B03BpamaiomHH String, hto npriBe/io 
6bi k 6cck'o prc'i 1 foil peKypciiH. 

B TpeTbeM Bbi30Be MCTO/ta Display aa/iacTca o6o6meHHbiH apry.viem' THna String. 

KOMnHjiHTopa 3to oaiia'iacT, 'n o He HyacHO nbrraTbca jpothhcckh BbmecTH apry- 
MeHTbi THna, a HyacHO Hcnojib30BaTb yKa3aHHbie apryMeHTbi THna. B .Tain 10 .vi c.;iy'iac 
KOMniiJiHTop TaKace cniiTacT, mio HenpeMeHHO HyacHO Bbi3BaTb ooooincmiijiii mcto/i 
D isplay, noaTOMy oh ero h Bbi3biBaeT. BHyTpeHHiiii ico/i o6o6meHHoro Mcro/ia Display 
Bbi3bmaeT ToString /yia ncpc/iaiiHoii eMy crpoKH, a iionypeimaa b peay/ii.'iaTC CTpoKa 
3aTeM nepe/i,aeTCH Heo6o6meHHOMy Mera/iy Display. 


06o6u;eHMq u Apyrne HJieHbi 

B H3bIK6 C# y CBOHCTB, IIH/ieKCaTOpOB, Co6bITIIH, OnepaTOpHbIX MeTOAOB, KOHCTpyKTOpOB 
h /iccipyiciopoii He MoaceT 6biTb napaMeTpoB-THnoB. O/iiiaico hx MoacHO oiipc;i,e.;im b 
b o6o6meHHOM Time c tom, hto6m b hx ico/ic Hcno/ib30BaTb napaMeTpbi-Timbi stoto 
TH na. 

C# He noAHepacHBaeT 3 a/i,aHHe co6cTBeHHbix o6o6meHHbix napaMeTpoB THna y sthx 
njieHOB, nocKOJibKy co. 3 /i,aTC. : iii H 3 biKa C# H 3 KOMnaHHH Microsoft ciinaiOT, [ rr« pa 3 - 
paooT'iiiKa.Yi BpaA- : i 11 noTpe6yeTCH aa/ieiicTiioiiaTb or it njieHbi b KanecTBe 0606111011111.ix. 
K TOMy ace /via no/mepaocH o6o6meHHoro Hcnojib 30 BaHHH sthx hjichob b C# npumjiocb 
6bi pa3pa6oTaTb cneiiHajibHbiH CHHTaKCHC, 'no aoiso. ii.iio 3 aTpaTHO. Hanpimep, npn 
Hcnojib 30 BaHHii b ixo/ic onepaTopa + komiiii./im'i<)|) MoaceT Bbi 3 BaTb neperpyaceHHbiii 
onepaTopHbiii mcto/i. HeB 03 MoacHO yica 3 aTb b ico/ic, i/ic ecTb oneparap +, icaicnc 6bi to 
hh 6buio apryMeHTbi THna. 


BepM<t>MKauMq n orpai-mHem/m 

B npon,ecce KOMnnaannH o6o6meHHoro KO/i,a KOMraiJiHTop C# aHajiH3iipyeT ero, y6eac- 
Aaacb, hto oh CMoaceT pa6oTaTb c jdoShmh TimaMH aamibix — cymecTByromiiMH h tcmh, 
KOTopbie 6y/i,yT onpe/i,ejieHbi b 6y/i,ymeM. PaccMOTpriM c/ie/iyiomHH mcto/i,: 

private static Boolean MethodTakingAnyType<T>(T o) { 

T temp = o; 

Console.WriteLine(o.ToString()); 

Boolean b = temp.Equals(o); 
return b; 

} 
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3;i,ccb oo'bMis. iMCTCM ispe.vteimaii ncpcMCimaM (temp) THna T, a 3aTeM m.ino. iiiMCTCM 
iiecKaibKo oiiepaiuiii npHCBaHBaHHii nepeMeHHwx h HecKOjibKO bbi30bob mctoaob. 
I lpe;i,CTaii.;ieiiiibiii mcto/i pa6oTaeT c aiofibi.M thiiom T — ccbi. io'iiii.i.vi, ana 1 him bi.vi, nepe- 
HiicjiHMbiM, TimoM HHTepcJieHca hjih TimoM AC/ieraTa, cymecTByiomiiM tiiiiom hjih tiuiom, 
KOTopbiii 6y/i,eT onpe/i,ejieH b 6ya,ymeM, noTOMy hto jiio6oh ran no/mepacimaeT npiiCBa- 
HBaHHe ii Bbi30Bbi mctoaob, onpe/te/ieH11 bix b Object (Hanpimep, ToString n Equals). 
Bot eme mcto/i,: 

private static T Min<T>(T ol, T o2) { 
if (ol.CompareTo(o2) < 0) return ol; 
return o2; 

} 

MeTO/i, Min nbrraeTCH nepe3 nepeMemiyio ol Bbi3BaTb mcto/i, CompareTo. Ho MHome 
Tiinbi He no/mepaciiBaiOT mcto/i, CompareTo, no 3 TOMy KOMniuiHTop C# He b coctohhhh 

CKOMniUIIipOBaTb 3 T 0 T KOA H OOCCIIC'tHTb, MTOObl nOCJIC KOMnHJIHH,HH MCTO/I, CMOT pa6o- 
T 3 Tb CO BCCMI-I TimaMH. npn nOnblTKC CKOMniUIIipOBaTb npiTBC/ICIIHblit KO/I, nOHBIITOI co- 
o6mcHHC 06 oihh6kc (omii6Ka CS0117: T hc coAcpaciiT onpcACJiCHiie MCTOAa CompareTo): 
error CS0117: ’T' does not contain a definition for 'CompareTo' 

nojiynacTca, hto npii iicnojib 30 BaHHH o6o6meHHH moacho jninib o6baBJiHTb nepcMCH- 
Hbie o6o6meHHoro THna, Bbino/muTb npHCBaHBaHHe, Bbi 3 biBaTb MCio/un, onpe/i,ejieHHbie 
b Object, — h Bee! Ho Be/i,b b TaKOM tviyiae ot o6o6meHirii nojib3bi Majio. K ciacTbio, 
KOMniuiHTopbi h CLR no/i,/i,epacHBaiOT yace ynoMimaBiHHiicH MexaHii 3 M mpammemiu 
(constraints), 6jiaro/i,apji KOTopoMy o6o6meHHH CHOBa iiaminaiOT npHHOCHTb npaKTii- 
'iccKyio nojib 3 y. 

OrpaHiineHiie cyacaeT iiepciem. TimoB, KOTopbie moacho nepe/i,aTb b o6o6meHHOM 
apryMCHTC, h pacinupaeT B 03 M 0 acH 0 CTii no pa6oTe c sthmh THnaMH. Bot hobhh BapnaHT 
MeTO/i,a Min, KOTopbiii 3 a/i,aeT orpaHimeHiie (bhacacho nojiyacnpHbiM inpiicjiTOM): 

public static T Min<T>(T ol, T o2) where T : IComparable<T> { 
if (ol.CompareTo(o2) < 0) return ol; 
return o2; 

} 

Mapicep where b C# coo6maeT KOMniuiHTopy, hto yKa.aaHHbiii b T ran aoaacch pea- 
jni 30 BbiBaTb o6o6meHHbiH HHTepcjieHC IComparable Toro ace Tima (T). Ejiaro/i,apH 3 T 0 My 
orpaHHneHHio KOMmuiHTop pa 3 pemaeT MeTO/ty Bbi 3 BaTb mcto/i, CompareT o, noTOMy hto 
nocjie/tHHH onpe/i,ejieH b iiHTcpcjieHce IComparable<T>. 

Tenepb, Koraa koa ccbuiacTca Ha o6o6meHHbiii Tim hjih mcto/i,, KOMmuiHTop aoaacch 
y6eAHTbCH, hto b koac yKa3aH apryMCHT Tima, yAOBACTBopmomnii stiim orpamincHiDiM. 

npimep: 

private static void CallMinQ { 

Object ol = "left", o2 = "Richter"; 

Object oMin = Min<Object>(ol, o2); // Owin6Ka CS0311 

} 



324 QiaBa 12. 06o6meHMH 


IIpii KOMniiJiHuiiii 3Toro Kona noHBJiaeTCH coo6meHiie (omn6Ka CS0311: ran object 
He mo/KCt ncnojib30BaTbCH b ica'iecrne napaMeTpa-THna ' T' b o6o6meHHOM Tnne ii. ui 
mcto/ic ' Some Type. Min<T>(T J1 T)II e cy 11 lcct isycx HeHBHoro 11 peoopaao iiai i h h cc bui k h 
H3 'Object' b ' System.IComparable<object> ' . 

Error CS0311: The type 'object' cannot be used as type parameter 'T' in the generic 
type or method 'SomeType.Min<T>(T, T)’. There is no implicit 
reference conversion from 'object' to 'System.IComparable<object>'. 

KoMiiii.THTop BbmaeT 3Ty oinn6Ky, noTOMy 'no System.Object He peajiH3yeT iih- 
Tcpcjieiic IComparable<Object>. I la ca.viOM acne System.Object BOo6meHepeajni3yeT 

HHK3KHX HHTCp<))CiiC0li. 

HTaK, Bbi npHMepHO npencTaBjiaeTe, 'no TaKoe oipaiiii'iemia h KaK ohii pa6oTaiOT. 
OrpainiHCHHTT MoacHO 11piii mci ian i> k napaMeTpaM Tima KaK o6o6in,eHHbix ranoB, TaK 
h o6o6meHHbix MeTOAOB (KaK noKa3aHO b mcto/i,c Min). Cpena CLR He no/mepacHBaeT 
neperpy3Ky no HMeHaM napaMeTpoB THna hjih no HMeHaM orpaHHneHHH. IIeperpy3Ka 
TimoB h MeTOAOB uniiio.TiiMCTCTi TOJibKO no apHOCTH. I IoKaacy 3 to Ha npiiMepe: 

// Moxho onpeflennTb cneayiomne Tnnbi: 
internal sealed class AType {} 
internal sealed class ATypecT> {} 
internal sealed class ATypecTl, T2> {} 

// 0wn6i<a: koh(|)/ihkt c TunOM AType<T>, y KOToporo HeT orpaHnneHnn. 
internal sealed class ATypecT> where T : IComparable<T> {} 

// 0wn6i<a: koh^/ihkt c TunOM ATypecTl, T2> 
internal sealed class AType<T3, T4> {} 

internal sealed class AnotherType { 

// Mojkho onpeflennTb cneayioinne MeTOflbi: 
private static void M() {} 
private static void M<T>() {} 
private static void M<T1, T2>() {} 

// 0uin6i<a: koh(|>/imkt c TnnOM M<T>j y KOToporo HeT orpaHnneHnii 
private static void M<T>() where T : IComparable<T> {} 


// 0mn6Ka: koh^/iukt c TnnOM M<T1, T2>. 
private static void M<T3, T4>() {} 

} 

ITpii nepeonpenejieHiiii BHpTyajibHoro o6o6meHHoro MeTona b nepeonpenejunomeM 
MeTOfle nojiacHO 6biTb 3anaHO to ace hhcjio napaMeTpoB-THnoB, a ohii, b cboio onepenb, 
HaciienyiOT oipaiiii'iemia, aa/uuiiibic /yin hiix mcto/iom 6a30Boro Kjiacca. Co6cTBeHHO, 
nepeonpenejineMbiH mcto/i BOo6me He BnpaBe aanaisaib oijiaini'ieiiiia hjih cbohx na- 
paMeTpoB-TiinoB, ho mo>icct nepeiiMeHOBbiBaTb napaMeTpbi-Timbi. Aiia. ioni'ino, npii 
peajni3aHHH iiHTepcjieHCHoro mcto/ui b iic.m nonacHO aanaiiaibCH to ace hhcjio napaMe- 
TpoB-ranoB, 'no h b iiincpijiciu'iio.vi mcto/ic, iipii'ic.vi 3th napaMeTpbi-THnbi iiacjie/iyiOT 
oipaiiii'iemia, 3a/i,aHHbie huh hiix mcto/iom iiiiTcpijieiica. Caenyioimiii npimep hcmoii- 
CTpupyeT 3to npaBiuio c noMombio BiipTyajibHbix mctohob: 
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internal class Base { 

public virtual void McTl, T2>() 
where T1 : struct 

where T2 : class { 

} 

} 

internal sealed class Derived : Base { 
public override void M<T3, T4>() 
where T3 : EventArgs // Own6i<a 

where T4 : class // Own6i<a 

{ } 

} 

IIpii komiihjihiihh 3Toro Kona 11 omhutch coodmemie 06 onm6Ke (onm6Ka CS0460: 
oipanii'icmiH MeTOAOB HHTepcjieHCOB c 11epeo11pc/tcjiei[u cm h hbhoh pcaaiiaaiuicii 
HacjienyiOTCH ot 6a30Boro mcto/pa h iiootomv He MoryT 6biTb aa/iaiibi anno): 

Error CS0460: Constraints for override and explicit interface implementation 
methods are inherited from the base method, so they cannot be 
specified directly 

Ecjih h 3 Merona M<T3, T4> KJiacca Derived y6paTb /me CTpoKii where, koa ycneniHO 
K()Mim.Tii|oycTCM. 3aMeTbTe: paapemacTcn i[cpcn.\iciiom.iHaa b napaMeTpbi THna (b 3tom 
npimepe hmh T1 ii3MeHeHO Ha T3, a T2 — Ha T4), ho hsmciimti, (h aaacc aa/uiHa'n,) orpa- 

niTHCTIHH l[C.TP)3H. 

Tenepb noroBopiiM o pa3jniHHbix Timax orpaHiiHemiii, KOTopbie KOMinaaTop h CLR 
no3BOJunoT npiiMeHHTb k napaMeTpaM THna. K napaivieTpy-THny MoryT iipiiMCHMTbCH 
cjienyioimie orpaiiHacmia: ocnoeme (primary), donomumejibHoe (secondary) h/hjih 
ozpanmeHue KOHcmpyxmopa (constructor constraint). Penb o hiix hact b caeAyiomHx 
Tpex pa.3/i,e.Tax. 


OcHOBHbie orpaHMHeHMfi 

B napaMeTpe-Time mojkho 3anaTb He 6oaee oahoto ocnoBHoro orpaHHuemm. Ochobhmm 
orpaHHneHHeM MoaceT 6biTb ccbuionHbiii Tim, yica3biBaiomiiH Ha HeaaneuaTaHHbiii KJiacc. 
I [c.t i)3a Hcnojib30BaTb jpia 3toh i i,c.t ii cjicavioiioic cci,i. iOT11 i,ic THnbi: System. Object, 
System.Array, System.Delegate, System.MulticastDelegate, System.ValueType, 
System.Enum hS ystem.Void. 

IIpH aa/ipii hh oi paim'iemiM ccbuiouHoro THna bbi rapaHTiipyeTe KOMim.THTopy, tio 
3»a/i,aiiiiP)iii api'v.vicm-THii ovact O'liiocmbCM .11160 k Timy, yKa3aHHOMy b o p|)ai p 11 ' pci i it pi , 
jih 6 o k npoii3BOAHOMy ot Hero rany. /(jih npimepa B03bMeM caeAyiomHH o6o6meHHbiii 
KJiacc: 

internal sealed class PrimaryConstraintOfStream<T> where T : Stream { 
public void M(T stream) { 
stream.Close();// OK 
} 

} 
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B 3tom onpeAejieHiiii KJiacca a a a napaMeTpa-rana T ycTaHOBJieHO ochobhoc orpa- 
hhhchitc Stream (h 3 npocTpaHCTBa hmch System. 10), coo6maiomee KOMniiAHTopy, hto 
koa, Hcnojib3yiomHH PrimaryConstraintOfStream, aoaacch 3AAaBaTb apryMeHT rana 
Stream hah npoii3BOAHoro ot Hero Tuna (Hanpimep, FileStream). Ecah napaMeTp-ran 
He 3a/i,aeT ochobhoc orpamiMcmie, amoMaTHMCCKii 3aa,aeTCH THn System .Object. O/uiaico 
ecjni b hcxoahom TeKCTe hbho yKa3aTb System. Object, KOMnruiHTop C# BbiAacT onm6Ky 
(omii6Ka CS0702: b orpaHimcmm hc moacct ncnojib30BaTbCH cneiinaAbHbiH Kjiacc object): 

error CS0702: Constraint cannot be special class 'object' 

EcTb /[.isa oco6bix ocHOBHbix orpammeHim: class h struct. Oipamriemie class 
rapaHTHpyeT KOMniiAHTopy, tio yKa.iamibiH apryMeHT-THn 6vact HMeTb cciiLio'iiiijIh 
Tim. STOMy orpaHHHeHHio yAOBACTBopniOT bcc THnbi-KJiaccbi, THnbi-iniTcp<:|icitcbT, ranbi- 
AeneraTbi h ranbi-MacciiBbi, KaK b CAeAyiomc.vi o6o6meHHOM KJiacce: 

internal sealed class PrimaryConstraintOfClass<T> where T : class { 
public void M() { 

T temp = null;// flonyCTKMOj nOTOMy mo Tun T flO/DKeH 6biTb ccbmoHHbiM 

} 

} 

B 3tom npimepe npiiCBaiiBaHiie temp oiia'iemia null AonycraMO, nOTOMy tio H3- 
bcctho, tio T HMeeT ccbi.io'i 11 biii THn, a .nooaa iiepe.Yiemiaa ccbi. iO'iiioio THna mo>kct 
6biTb paBHa null. IIpH OTcyTCTBiin y T oipamrieimii stot koa 6h He CKOMniumpoBaji- 
cm, nOTOMy tio Tim T mot 6bi 6biTb a.iianuM bi.vi, a nepeMCHHbie .'sna'iii.viom Tima i ic.t irsa 
npupaBHHTb k null. 

Orpammcmic struct rapaHrapyeT Ko.vimi.TMTopy, hto yKa3aHHbin apryMeHT THna 
6yAeT HMeTb aiiamiMbm ran. Sto.viv orpanmicmiio yAOBAeraopflicri Bee 3 naan mm c 
ranbi, a 'raioice iicpemiCAemiM. OAHaKO KOMmiAHTop h CLR paccMaTpHBaiOT .11060ii 
3HanHMbiH THn System. Nullable<T> KaK oco6mh, h 3HanHMbie THnbi c noAAepacKOH 
null He noAxoAHT noA sto oipamriemie. 3 to oo'baemieTca tcm, tio aah napaMeTpa 
Tima Nullable<T> AciicmycT oi pamriemie struct, a cpeAa CLR 3anpemaeT TaKiie 
peKypciiBHbie THnbi, KaK Nullable<Nullable<T>>. 3HamiMbie ranbi c noAAepacKOH 
null o6cyacAaiOTCH b rAaBe 19. 

IIpiiMep KAacca, b kotopom napaMeTp-ran orpamimiBaeTCfl K. iio'ieisbi.vi caobom 
struct: 

internal sealed class PrimaryConstraintOfStruct<T> where T : struct { 
public static T FactoryQ { 

// flonyocaeTCfo nOTOMy mto y KaiKfloro 3HasnMOro Tuna HenBHO 
// ecTb OTKpbiTbiti KOHCTpyKTop 6e3 napaMeTpoB 
return new T(); 

} 

} 

B 3tom npiiMepe npiiMeHemie k T onepaTopa new npaBOMepHO, nOTOMy hto iisbcctho, 
HTO T IIMeeT 3HamiMbIH Tim, a y BCCX .Hia'IIIMblX THn OB HeHBHO CCTb OTKpbITblH KOHCTpyK- 
Top 6e3 napaMeTpoB. Ecaii 6bi ran T 6ma HeorpaHiraeHHbiM, orpaHiraeHHbiM ccbmoHHbiM 
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ti-iiiom hah orpaHimeHHbiM KJiaccoM, 3 tot koa He CKOMmiAiipoBaAca 6m, noTOMy ti o 
y HCKOTopbix ccbi.io'iiiiiix THnoB H6T OTKpbiTbix KOHCTpyKTopoB 6e3 napaMeTpoB. 


flono/iHUTe/ibHbie orpaHnneHun 

/(ah napaMeTpa-THna MoryT 6biTb 3»a/i,aii i>i Hyjib iijih 6ojiee jloiio. i 11 h tc. i r>iinrx 01 pami'ie- 
hhh. npn 3aAaHHH orpaHiiHemiH HHTepcjieHCHoro Tuna bbi rapaHTiipyeTe KOMniiAHTopy, 
hto yKa3aHHbiii apryMeHT-THn ovact onpeACAHTb THn, peaAimyiomHH otot iii[Tep<))eiic. 
A TaK KaK mo5kho 3a/i,aTb HecKOAbKO HHTepcjieHCHbix orpaHHHeHHH, b apry.viem e rana 
AOJiaceH yKa3biBaTbca Tim, peaAimyiomHH Bee itiitc])(}:k:' iic11mc oi paini'iemui (h Bee 
ocHOBHbie orpaini'iemiM, ecjm ohii aaAaiibi). I loApoonee 06 HHTepcjieHCHbix orpamrae- 
HIIHX CM. TJiaBy 13. 

/(pyroir THn AonoAHiiTeAbHbix orpaniricnnii Ha3biBaiOT o?pammemieM napciMempa- 
muna (type parameter constraint). Oho ncnojib3yeTca ropaaAO peace, neM iiHTepiJieiicHbie 
orpaiiii'ieima riHTepcjieHca, h no3BOJureT o6o6meHHOMy THny hjih mctoav yica3aTb, tio 
apryMCHTbi-Tiinbi AOJiacHbi 6biTb CBH3aHbi onpeAejieHHbiMii OTHomeHiiHMii. K napaMCTpy- 
THny MoaceT 6biTb npHMeHeHO Hyjib h 6ojiee oipaim'iemiii. B cjie/tyioiucM o6o6meHHOM 
MeTOAe npoAeMOHCTpupoBaHO iicnoAb30BaHiie orpamiHeHiiH napaMeTpa-THna: 

private static List<TBase> ConvertIList<T, TBase>(IList<T> list) 
where T : TBase { 

List<TBase> baseList = new List<TBase>(list.Count); 
for (Int32 index = 0; index < list.Count; index++) { 
baseList.Add(list[index]); 

} 

return baseList; 

} 

B MeTOAe ConvertIList onpcACACiibi /pia napaMeTpa-THna, H3 kotophx napaMeTp T 
orpaiinaoii napaMeTpoM THna TBase. 3 to .'snaimT, tio KaKoii 6bi apryMeHT-THn hh 6bui 
3Ti/i,aii Ana T, oh AOAAceH 6biTb coBMecTHM c apryMeHTOM-THnoM, 3aAaHHbiM aah TBase. 
B CACAyiomeM mctoao noKa3aHbi AonycTiiMbie h HCAonycTiiMbie Bbi30Bbi ConvertI List: 

private static void CallingConvertIList() { 

// Co3flaeT m nHHLina/iM3MpyeT Tnn List<String> (pea/in3yiomMii IList<String>) 
IList<String> Is = new List<String>(); 
ls.Add("A String"); 

// npeo6pa3yeT IList<String> b IList<Object> 

IList<Object> lo = ConvertlListcString, Object>(ls); 

// npeo6pa3yeT IList<String> b IList<IComparable> 

IList<IComparable> lc = ConvertIList<String, IComparable>(ls); 

// npeo6pa3yeT IList<String> b IList<IComparable<String>> 
IList<IComparable<String>> lcs = 

ConvertI List<String, IComparable<String>>(ls); 

// npeo6pa3yeT IList<String> b IList<String> 

IList<String> ls2 = ConvertIList<String, String>(ls); 


npodojiwemie & 
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// npeo6pa3yeT IList<String> b IList<Exception> 

IList<Exception> le = ConvertIListcString, Exception>(ls); // 0win6Ka 

} 

B nepBOM Bbi30Be ConvertIList KOMnanuTop npoBepneT, hto6m the: String 6bui 
cobmccthm c Object. IIocKOjibKy Tim String HBJiaeTCH npoii3BO/i,HbiM ot Object, nepBbrii 
Bbi30B yflOBjieTBopneT orpaHiiHeHiiio napaMeTpa-Tima. Bo btopom Bbi30Be ConvertIList 
KOMnmiHTop npoBepaeT, ETo6bi Tim String 6bui cobmccthm c IComparable. ITocKOJibKy 
String peajni3yeT iiHTepcjieiic IComparable, BTopoii bh30b cooTBeTCTByeT orpaHimeHiiio 
napaMeTpa-THna. B TpeTbeM Bbi30Be ConvertIList KOMim. iinop npoBepaeT, eto6h Tim 
String 6bui cobmcctiim c IComparable<String>. TaK KaK String peajni3yeT iiHTepcjieiic 
IComparable<String>, TpeTHH bm30b cooTBeTCTByeT orpaHimeHino napaMeTpa-THna. 
B neTBepTOM Bbi30Be ConvertIList KOMmuiHTop 3HaeT, 'no Tim String coBMecTiiM caM 
cco6oii. B nHTOM Bbi30Be ConvertIList KOMniuinTop npoBepaeT, hto6m Tim String 6hji 
cobmcctiim c Exception. O/uiaico TaK KaK Tim String hccobmccthm c Exception, nuTbrii 
Bbi30B He cooTBeTCTByeT orpaHimeHino napaMeTpa THna, h KOMnHjinTop B03BpamaeT 
omn6Ky (omn6Ka CS0311: Tim string hc MoaceT Hcnojib30BaTbcn b KanecTBe napaMCTpa- 
Tima ' T' b o6o6meHHOM Time hjih MeTOfle Program. ConvertI Li st<T, TBa se> (System. 
Collectons .Generic .IList<T>).He cymecTByeT HeuBHoro npeo6pa30BaHim ccbijiKH 
H3 'string' b 'System.Exception': 

error CS0311: The type 'string' cannot be used as type parameter 'T' in the 
generic type or method Program.ConvertIList<T,TBase>(System.Collections.Ge 
neric.IList<T>)'. There is no implicit reference conversion from 'string' to 
’System.Exception'. 


OrpamiHeHUfl KOHCTpyKTopa 

/],jih napaMeTpa-THna Moamo aa/ifnb He 6ojiee o/uioi o orpaHimemm KOHCTpyKTopa. 
OrpaHiineHiie KOHCTpyKTopa rapaHTiipyeT KOMniuinTopy, hto yKa3aHHbiii apryMCHT-Tim 
6ya,eT HMeTb Hea6cTpaKTHbiii THn, HMeiomnii OTKpbiTbiii KOHCTpyKTop 6e3 napaMeTpoB. 
y'n inc, 'no KOMnmiHTop C# ciinaer omn6Koii OAiioispe.vieimoe aa/i,aiiiie orpaHiineHiiH 
KOHCTpyKTopa h or|iai[ii'iemiM struct, noTOMy tio oto H36biTO i mo. y Bcex SHamiMbix 
TimoB iicmisiio npucyTCTByeT OTKpbiTbiii KOHCTpyKTop 6e3 napaMeTpoB. B c.;ieavioiue.Yi 
KJiacce /i,.; hi napaMeTpa-THna iic r i o. r i>,ionn i io orpanimcniic KOHCTpyKTopa: 

internal sealed class ConstructorConstraint<T> where T : new() { 
public static T FactoryQ { 

// flonyCTMMO, noTOMy hto y Bcex 3HainMbix TnnoB HenBHO 

// ecTb OTKpbiTbiii KOHCTpyKTop 6e3 napaMeTpoB, n noTOMy hto 

// 3to orpaHw-ieHne Tpe6yeT, hto6n y Bcex yxasaHHbix ccbmoHHbix TinnoB 

// TaK*e 6bm OTKpbiTbiii KOHCTpyKTop 6e3 napaMeTpoB 

return new T(); 

} 

} 


B 3tom npHMepe npiiMeHeHiie onepaTopa new k T nonycTHMO, noTOMy hto 113 - 
BeCTHO, HTO T — 3TO THn C OTKpbITbIM KOHCTpyKTOpOM 6e3 napaMeTpOB. Pa3yMeeTCH, 
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3 to cnpaBe/yniBO a.th Bcex ana'ui.vibix thiiob, a 01 pammemie KOHCTpyKTopa Tpe6yeT, 
hto 6 h 3 to ycjiOBHe BbinojiHHJiocb h js,j ih Bcex ccbuiOTObix THiiOB, 3a/i,aHHbix b apry- 
MeHTe-Time. 

HHoraa pa3pa6oT>niKii npeAnomiTaiOT o6bHBJiHTb napaMeTp Tima nepe3 orpaHiineHne 
KOHCTpyKTopa, npn kotopom caM KOHCTpyKTop npHHHMaeTpa3.;m'nii)i(‘ napaMeTpbi. Ha 
ccro.TiiMiiimiii ;i,ciii) CLR (h, KaK cjicactbhc, KOMnmiHTop C#j noAAepacHBaeT TOJibKO 
KOHCTpyKTopbi 6e3 napaMeTpoB. no MHeHiiio cnen,najincTOB Microsoft, b 6 o. ii>iiihi iCTut' 
caytaei: 3Toro Bnojme AOCTaTOHHO, n a c hiimh nojmocTbio corjiacem 


flpyrne npo6/ieMbi Bepu4>iiKaunn 

B ocTaiiiiiciicM nacTH stoii ruaBbi a npeACTaB.no iiccico.Tbico KOHCTpyKijHH, KOTopweH3-3a 
npo6jieM c BepH(J)HKapHeH npn iicnojib30BaHiiii o6o6meHitit Be/iyT ce6a HenpeACKa3yeMO, 
ii noKaacy, KaK c noMombio orpaHiineHiiii CAeAaTb hx BepiicjiimiipyeMbiMii. 

ripuBefleHne nepeMeHHOM o6o6meHHoro Tuna 

I Ipiiiicaeimc nepeMeHHoii o6o6meHHoro Tima k ApyroMy Timy aonycKacTca TOJibKO 
b tom c.iytac, ecjiii OHa npiiBOAHTcn k THny, coBMecTHMOMy c orpaHimemieM: 

private static void CastingAGenericTypeVariablel<T>(T obj) { 

Int32 x = (Int32) obj ; // 0wn6Ka 

String s = (String) obj; // 0wn6i<a 

} 

KoMnmiHTop BepHeT omn6Ky aah o6enx ctpok, noTOMy hto T MoaceT imeTb jno6oii 
THn ii ycnex iipiiise/terniM Tuna He rapaHTiipoBaH. Hto6m stot koa CKOMniuiiipoBajiCH, 
ero iiy'/Kiio H3MeHiiTb, Aooamns b iianaae npiiBeAemie k Object: 

private static void CastingAGenericTypeVariable2<T>(T obj) { 

Int32 x = (Int32) (Object) obj ; // 0 wh6kh HeT 

String s = (String) (Object) obj; // 0 wh6km HeT 

} 


Tenepb stot koa CKOMnujiiipyeTca, ho bo Bpe.via m.mo. memia CLR bcc paBHO MoaceT 
creHepupoBaTb ucK.Tio'iemie InvalidCastException. 

JXjix ii|)iii:c/i,emiM k ccbiAOHHOMy THny TaKace npiiMemnoT onepaTop as H3biKa C#. 
B caeA.yionu'M KOAe oh iiciia ibayeica c thhom String (nocKOJibKy Int32 — aiiann.Ymiii 
THn): 

private static void CastingAGenericTypeVariable3<T>(T obj) { 

String s = obj as String; // 0lim6km HeT 

} 

ripncBaMBaHne nepeMeHHOM o6o6meHHoro TMna 3HaneHMn 
no yMonnaHMio 

npiipaBHiiBaHiie nepeMeHHoii o6o6m,eHHoro Tima k null AonycTiiMO, TOJibKO ec.in 
o6o6meHHbiH THn oi paiiii'ieii ccbuiomibiM THnoM: 
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private static void SettingAGenericTypeVariableToNull<T>() { 

T temp = null; // CS0403: He/ibsa npuBecTM null k napaMeTpy Tuna T 
// because it could be a value type... 

// (0wn6i<a CS0403: He/ib3fl npuBecTM null k napaMeTpy Tuna T, 

// nOCKO/IbKy T MO)KeT HMeTb 3HaMMMblM Tim...) 

} 

TaK KaK napaMeTp THna T He oi pami'ieii, oh mo>kct HMeTb 3namiMbrii ran, a npn- 
paBHHTb nepeMeHHyio 3HamiMoro Tima k null Hejib3H. Ecjiii 6bi napaMeTp rana T 
6bui orpammeH ccbuionHbiM ranoM, temp moacho 6buio 6bi npiipaBHHTb k null, h koa 
CKOM miJiiipoBajiCH 6bi h pa6oTan. IIpn co3AaHini C# b Microsoft nocmiTajm, hto pa3- 
pa6oTHHKaM MoaceT noHaa,o6iiTbCH npiiCBOiiTb nepeMeHHoii 3HaneHiie no yMOAHamno. 
/fan 3 toto b KOMnmiHTope C# npeAycMOTpeHO KmoneBoe cjiobo default: 

private static void SettingAGenericTypeVariableToDefaultValue<T>() { 

T temp = default(T); // Pa6oTaeT 

} 

B 3tom npnMepe k.tiomcboc cjiobo default npnKa3biBaeT KOMniuiHTopy C# n JIT- 
KOMnnjiHTopy CLR co3naTb koa, npiipaBHiiBaiomiiH temp k null, ecjin T HMeeT cch- 
jiOHHbin Tim, n o6HyjiaiomHH Bee 6htm nepeMeHHoii temp, ecjin T HMeeT SHamiMbiii Tim. 

CpaBHeHiie nepeMeHHoii o6o6meHHoro Tuna c null 

CpaBHemie nepeMeHHoii o6o6meHHoro rana c null c noMontbio onepaTopoB == n ! = 
HonycTHMO He3aBHCiiMO ot toto, orpaiiii'ien o6o6meHHbin Tnn hjih hct: 

private static void ComparingAGenericTypeVariableWithNull<T>(T obj) { 
if (obj == null) 

{ /* 3tot KOfl HMKOrfla He HCno/iHaeTca fl/ia 3HaHMMOro Tuna */ } 

} 

TaK KaK Tnn T He oi pameien, oh MoaceT 6biTb ccbuionHbiM hjih 3HanHMbiM. Bo bto- 
poM cjiynae obj nejibaii npiipaBHHTb null. 06mhho b stom cjiynae KOMmijuiTop C# 
AOJiaceH BbmaTb omn6Ky, ho stoto He iiponcxo/uiT — koa ycneiHHO KOMiinjiiipycTca. 
IIpH Bbi30Be 3 toto mctoah c apry mchtom rma'iuMom THna JIT-KOMniuiaTop, o6Hapy- 
acHB, tio pe3yjibTaT bbiiio. iiieiuiM iiiicipyiainn if HiiKorna He paBeH true, npocTO He 
creHepupyeT MamiiHHbiii koa ;u : ih iiHCTpyKiiiiii if h KO/i,a b tjmrypHbix CKo6Kax. Ecjiii 
6bi a Hcnojib30Baji onepaTop ! =, JIT-KOMniuiaTop TaKace He creHepiipoBaji 6bi koa aah 
iiHCTpyKiiiiii if (nocKOJibKy ycaoBiie BcerAa hcthhho), ho creHepiipoBaji 6bi koa b cjin- 
rypHbix CKo6Kax iiocjic if. 

KcTaTii, ecAii k T npiiMemiTb orpamiHeHiie struct, KOMmiAHTop C# BbiAacT omii6Ky, 
noTOMy tio koa, cpaBHiiBaiommi ana'iiiMbiii Tnn c null, He HMeeT CMbicaa — pe3yAKraT 
BcerAa oahh. 

CpaBHeHiie flByx nepeMeHHbix o6o6meHHoro Tuna 

CpaBHeHiie AByx nepeMeHHbix OAHHaKOBoro o6o6meHHoro Tima AonycraMO xojibKo 
b tom cjiyuac, ecan o6o6meHHbiii napaMeTp THna HMeeT ccbuiOHHbiii thk 
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private static void ComparingTwoGenericTypeVariables<T>(T ol, T o2) { 
if (ol == o2) { } // 0mn6Ka 

} 


B 3tom npiiMepe y T HeT oipaiiii'iemi ii, h xotm moacho cpaBHimaTb /use nepeMeHHbie 
ccbuiOHHoro Tima, cpaBHimaTb abc nepeMeHHbie 3HamiMoro Tima AonycniMO jiiimb b tom 
cjiytac, ifor/pi .'iiia'iiiMbiii Tim neperpyacaeT onepaTop ==. Ecah y T ecTb oipaiiii'iemie 
class, 3tot koa CKOMniumpyeTCH, a onepaTop == BepHeT .’iiiaTCimo true, ecjm nepe¬ 
MeHHbie ccbuiaiOTCH Ha oahh o6beKT h nonHOCTbio ToacAecTBeHHbi. Ecjih napaMeTp T 
orpammeH ccbiAOHHbiM thhom, neperpyacaiomiiM mctoa operator==, KOMmiAHTop 
creHepiipyeT Bbi30Bbi 31010 mcto/ia b Tex MecTax, iac oh iic i pciac'i onepaTop ==. EcTe- 
CTBeHHO, 3 to othochtch h k onepaTopy ! =. 

ITpii HanHcaHHH ico/i,a aah cpamicima 3jieMem apiibix 3iiamiMbix TimoB (Byte, Int32, 
Single, Decimal h t. a.) KOMnmiHTop C# creHepiipyeT koa npaBiuibHO, ho aah Henpii- 

MIITIIBHblX 3HaHIIMbIX TimOB rCHepiipOBaTb KOA CpaBHCHIIH OH He yMeeT. IIOSTOMy CCAH y 

napaMeTpaT MeTOAa ComparingTwoGenericTypeVariables ecTb orpaininciiiic struct, 
KOMmiAHTop BbiAacT omn6Ky. A orpamimiBaTb napaMCTp-Tim 3HamiMbiM TimoM HeAb3H, 
noTOMy tio ohii iicamm a him iotcm aaiiC'iaTamibiMii, a CAeAOBaTeAbHO, He cymecTByeT 
THnoB, npoii3BOAHbix ot 3HaHHMoro THna. Ecah 6bi 3 to 6bmo pa3pemeHO, o6o6meHHbiii 
MeTOA 6yAeT orpamiTeH KOHKpeTHbiM thhom; KOMmiAHTop C# He no3BOjraeT sto ACAaTb, 
iiocKo. ibicy 3<))<J:)CKTiiiiiiec 6biAO 6bi ucno. ibaonaTb Heo6o6meHHbiii mctoa. 

McnoHb30BaHne nepeivieHHbix o6o6meHHoro Tuna b KanecTBe onepaHflOB 

Cicavct 3aMeTHTb, tio nci io. i b.ionai i ue onepaTopoB c onepaHAaMH o6o6meHHoro THna 
co3AaeT HeMajio npoojiCM. B rAaBe 5 h noKa3aji, if a if C# o6pa6aTbiBaeT npHMHTHBHbie 
Timbi — Byte, Intl6, Int32, Int64, Decimal h aP- B TacTHOCTii, h otmctiia, hto C# yMeeT 
HHTepnpeTiipoBaTb onepaTopbi, 111)n.vieii micm bic k sjieMCinapiibiM THnaM (iiaiipiiMcp +, 
-, * h /). OAHaKO 3 th onepaTopbi iic.ai>3xi nciio. ii,;iona i i> c nepeMemibiMH o6o6meHHoro 
THna, noTOMy tio bo BpeMn komhhamuhh komiihamtop He 3HaeT hx tha I lojiyiacTCM, 
HTO ll(‘.lb3M CnpOeKTIipOBaTb MaTeMaTHHeCKHH ajirOpiITM AAH 111)0 U 31 iO.'l lil I l>l X HHCAOBblX 
THnoB AaHHbix. /(onycTHM, a nonbiTaiocb HanucaTb CAeAyiomiiH o6o6meHHbiii mctoa: 

private static T Sum<T>(T num) where T : struct { 

T sum = default(T) ; 
for (T n = default(T) ; n < num ; n++) 
sum += n; 
return sum; 

} 

H CACJiaji Bee B03MoacHoe, hto 6 m oh cif().\iiiii. : mpoiia./iCM: onpeAeAHA orpamiTeHiie 
struct AAJI T H HCn0Ab30B3A KOHCTpyKH,HIO default(T), Tl'OObl sum H n HHHIIHaAH3H- 
poBaAiicb HyAeM. EIo npn komhhajthhh koaa iibi/piiOTCM Tpn coo 6 meHim 06 omn 6 Kax: 

□ omn6Ka CS0019: onepaTop < HeAb3H npiiMemiTb k onepaHAaM THna T h T: 

error CS0019: Operator ’<’ cannot be applied to operands 
of type 'T' and 'T' 
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□ oiim6Ka CS0023: onepaTop ++ Hejib3H npriMeHHTb k onepaHny THna T: 

error CS0023: Operator ’++’ cannot be applied to operand of type 'T' 

□ oiim6Ka CS0019: onepaTop += Hejib3H npHMeHHTb k onepaHnaM Tima T ii T: 

error CS0019: Operator ’+=’ cannot be applied to operands 
of type 'T' and 'T' 

3to cymecTBeHHO orpamraiBaeT nonnepacKy o6o6meHiiii b cpene CLR, h MHonie 
paspaoox'iu kh (oco6eHHO 113 naymiiix, (jiimaiicoiibix h .viaTC.viaTH'pecKitx o6jiacTeH) 
HcnbiTaiiH rny6oKoe paaonapoisaime. MHonie nbiTajracb co3naTb MeTOAbi, npii3BaHHbie 
o6ohth 3to orpaHiineHiie, ii|)ii6craa k (npa>Kcmi io (cm. rjiaBy 23), npiiMiiTiiBHOMy 
rany dynamic (cm. ruaBy 5), neperpy3Ke onepaTopoB h t. n. O/uiaico Bee 3th pcmcmiM 
CHjibHO CHiiacaiOT npoii3BOAHTejibHOCTb min yxy/onaiOT >firra6c./iP)i[OCTP) i<o;i,a. OcTacTca 
HaneaTbCH, 'no b cjic/tyioiniix ipcpciiax CLR h komiiiijihtopob komii;iiiiim Microsoft 
yCTpaHHT 3TOT HCAOCTaTOK. 
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MHome nporpaMMiiCTbi 3HaKOMbi c KOHiremuieii MHOJicecmeeHHOzo Hacnedoeanux 
(multiple inheritance) — bo3moachocth onpeAeAemin KJiacca, npoiiaBonnoro ot Asyx hjih 
6ojiee 6a30Bbix KJiaccoB. /(oiiycxiiM, iiMeeTCH KAacc TransmitData, iipe/uiaaiia'iemimi 
Aah iiepc/iyi'iu /laimi.ix, h KAacc ReceiveData, ooeciiC'iiiBaioiuuii no./iyieime /umm>ix. 
/(onycTHM, iiy>Kiio coaxax b KAacc SocketPont, KOTopbiii mo>kct h nojiynaTb, h nepe- 
naiiaxb /uimibie. /(mm .oxoro KAacc SocketPort aomjiccii HacAeAOBaTb o/uiOBpc.vieimo ot 
o6ohx KJiaccoB: TransmitData h ReceiveData. 

HeKOTopbie H3MKH nporpaMMiipoBaHim pa3pemaiOT .vmoxKccxBeimoe nac.iexoBa- 
Hiie, no3BOJinn C03/i,aTb KJiacc SocketPont, ri])0 11 . 3 hoju 1 mii ot /usyx 6a30Bbix KJiaccoB. 
Oahako CLR (a 3HauHX, h bcc ocHOBaHHbie Ha 3Toii cpe/te H3MKH nporpaMMiipoBaHira) 
MHoacecTBeHHoeHacACAOBaHiie HenoAAepaciiBaeT. BMecTe c tcm CLR iio.3bo. imci peajin- 
30BaTb orpaHiraeHHoe mikoiccctbciiiioc nacjiCAOBAime 'icpca immeptpeucbi (interfaces). 
B 3Toii rjiaBe paccKa.xiiiBaexcM 06 onpc/icjicnnn h npiiMeHeHiin iiiixcp<))ciic()B, a xaioicc 
npiiBOAHTcn ocHOBHbie npaBiuia, iio.XBo./iMionuie noHHXb, KOiyia yMCCTHO Hcnojib30BaTb 
mnc|x))ciiciji, a He 6a30Bbie KJiaccbi. 


Hac/ieAOBaHne b itnaccax m uHTep<t>eMcax 

B .NET Framework ecTb KJiacc System.Object, b kotopom onpeAejieHO 4 OTKpbiTbix 
3K3eMnjinpHbix MeTO/i,a: ToStning, Equals, GetHashCode h GetType. 3 tot KJiacc hbjis- 
eTCH KOpHeBbIM 6a30BbIM KJiaCCOM /U : IM Bcex OCTaJIbHbIX KJiaccoB, n03T0My BCC KJiaccbi 
HacjieAyiOT 3 tii uexbipe MexoAa KJiacca Object. 3 to xaioicc o;ma ! iacx, >ixo koa, onepupyio- 
mini 3K3eMnjuipoM KJiacca Object, b achctbht ejibHOC th mojkcx bbiiio. iiim i ij onepaijHH 
c 3K3eMnjHipoM jiio6oro KJiacca. 

JIio6oh npon3BOAHbiii ot Object KJiacc HacjieAyeT: 

□ CHraaTypw mctoaob. 3 to no3BOjmeT Ko/yy cwraxb, uxo oh onepupyeT 3K3 Cmii. [^i|)0.m 
KJ iacca Object, xoiyia KaK Ha caMOM acmc oh pa 6 oTaeT c 3K3eMnjHipoM KaKoro-jm 6 o 
Apyroro KJiacca. 

□ PeaAH3aUHK) 3THX MeTOAOB. Pa3pa6oTHIIK MOJKCX OnpeACAHTb KJiacc, npOH3BOAHblil 
ot Object, He peajiH3yn mctoapm KJiacca Object Bpymiyio. 

B CLR y KJiacca mojkcx 6biTb oahh h TOJibKO oahh npHMoii «poAHTCAb>> (KOTopbiii 
npHMO hjih onocpeAOBaHHO nacjieAycT ot KJiacca Object). Ba30Bbiii KAacc npeAOCTaB- 
amcx Ha6op curaaTyp h peajiii3aHHii sthx mctoaob. ITpn stom HOBbiii KAacc mojkct CTaTb 
6a30BbiM aah Apyroro icracca, KOTopbiii 6yAeT onpeAeneH ApyniM pa3pa6oTmiKOM, h npii 
3 tom HOBbiii npoH3BOAHbiii KAacc yHacAeAyeT Bee ciiraaTypbi mctoaob h iix peaAH3auHH. 
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CLR TaKace no3BOJiaeT onpenejiiiTb immeptpeuc, KOTopbiir, b cymnocTH, npencTaB- 
jiaeT co6oh cpeacTBO iiaisna'iemm mmctth Ha6opy ciiraaTyp mcto/i,ob. HHTepcjieHC He 
conepacHT peajiH3au;HH mcto;i,ob. Knacc nac.;ic;i,ycT urn epijieiic 'icpea vicariai ine n vie m i 
IIOC./ICAII(TO, II])H'fC.M 3TOT icviacc AOJI/KCH HBHO COACpaCaTb peajiH3an,HH mircpcjiciiciibix 
MeTOAOB — imane CLR noc'imaci' oiipc/tcjieimc Tuna HeneHCTBHTejibHbiM. Konemio, 
peajiii3au,HH HHTepcjieHCHbix .victo/io is — 06 la 1 1 11 o /loiso. iiaio yTO.\inTC. ; ibiioe s.aiiMTiie, 
1 icoTO.viy m h naana.i iiacjiCAOisamie iimepijieik'ois orpamraeHHbiM Mexami3MOM pea./ui- 
3au,HH MHoacecTBeHHoro iiacjic/ioiiaiiiiM. KoMmijiHTop C# h CLR ikksbo./ihiot Kjiaccy 
HacjieAOBaTb ot HecKOJibKHX iiinepijiciicois, h, koiiciiio ace, KJiacc npn stom AOJiaceH 
peanH30BaTb bcc yiiac.ic;i,oi!aiiiii,ie mcto;i,I)I miTcpcjieiicoii. 

Omra 113 sa.vic'iaTC.'ibiibix oco6eHHOCTeii iiac. : ic/i,oiiaiiiiM KJiaccoB — B03MoacHocTb iio/p 
CTaHOBKII 3IC.3CMII. ; m])Ob ll|)OI13bO/l,IIOm Tima B jno6bie KOHTeKCTbl, B KOTOpbIX BbICTynaiOT 
3K3eMnjiapbi 6a30Boro Tima. AHajioniHHbiM o6pa30M HacnenoBaHiie ot imTepcjaeiicoB no- 
3BOJiHeT no/]CTaBjiHTb 3K.3CM 1 1.1 m])i,i THna, peajni3yiomero 111 riepijiciic, bo Bee KOHTeKCTbl, 
rue Tpe6yiOTCH 3K3eMnjiapbi yica3aHHoro iiHTepcjieHCHoro Tima. RTo6bi Hame obcyac/iem-ie 
CTano 6ojiee KOHKpeTHbiM, naBaiiTe nocMOTpiiM, KaK onpenejunoTCH miTcpcjicHCbi. 


Onpefle/ieHne uHTep<t>eMCOB 

Kax ynoMimajiocb paHee, HHTepcJieHC npencTaBJineT co 6 oii iiMdioBaimbiM Ha 6 op ciiraaTyp 
MeTOAOB. 06 paTHTe BHiiMamie, hto b miTcpcIxTicax Moamo TaKace onpenejuiTb cobbiTira, 
CBOiicTBa — 6 e 3 iiapa.vieTpoii hjih c hiimii (iiocjicaiiiic b C# Ha 3 biBaioT mbicKcaTopa.viii), 
nocKO.ibicy Bee 3to npocTO ynpomeHHbie cpencTBa CHHTaKCHca, KOTopbie b Konemiovt 
HTore bcc paBHO cooTBeTCTByiOT MCTO/i,a.vi. Oaiiaico b iiHTepcjieHce iie.ib;sM onpenejiHTb 
HH KOHCTpyKTOpbl, HII 3 K 3 eMnjIHpHbie nOJIH. 

Xoth CLR/toiiycicacT iia. iii'ine b imTcpcjieik'ax craTmiecicnx mctoaob, CTai H'iecKiix 
noaeii h KOHCTpyKTopoB, a TaKace KOHCTaHT, CLS-coBMecTHMbifi imTepc^eiic He MoaceT 
iiMCTb noAo 6 Hbix CTaTHHecKiix hjichob, nocKOJibKy HeKOTopbie H 3 biKii He noAAepaciiBaiOT 
hx onpeAejiemie hjih o 6 pameHiie k hum. C# hc no 3 BOJBieT onpenejuiTb b iiHTepcjieHce 
CTaTHnecKiie 'mem.i. 

B C# /v ih oiipc/tcjiemiM miTcpijieiica, iiaisna'iemm e.viy hmchh h Ha6opa ciiraaTyp 
3K3eMnjuipHbixMeTOAOB HCiio.ibaycTCH ic.iioacboe cjiobo interface. Bot onpc/icjicmia 
HeKOTopbix imTcpijieiicois 113 6h6.thotckh KJiaccoB Framework Class Library: 

public interface IDisposable { 
void Dispose]); 

} 

public interface IEnumerable { 

IEnumerator GetEnumerator]); 

} 


public interface IEnumerable<T> : IEnumerable { 
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IEnumerator<T> GetEnumerator(); 

} 

public interface ICollection<T> : IEnumerable<T>, IEnumerable { 
void Add(T item); 
void ClearQ; 

Boolean Contains(T item); 

void CopyTo(T[] array, Int32 arraylndex); 

Boolean Remove(T item); 

Int32 Count { get; } // Cbomctbo TO/ibKO p.nn HTeHufl 

Boolean IsReadOnly { get; } // Cbomctbo Toabico aub MTeHna 

} 

C tohkii 3 pcniia CLR, onpeneiieHiie iiHTepcjieiica — noaTii to ace, hto ii onpeneneHiie 
THna. To ecTb CLR onpeneiiaeT BHyTpeHHioK) CTpyKTypy ,taimp>ix /yia o6beKTa HHTep- 
(jieik'ipoio THna, a ajih o6paiueima k pa. 3 . : in>111bi m ujicnaM iiincixjiciica MoaceT iicnojib 30 - 
BaTb 0'i'patKCnnc. Kaic h Timbi, iiiiTcpcjieik' MoaceT onpenejiaTbca Ha ypoBHe cjiaiuiOB iijih 
6biTb BJioaceHHbiM b apyroii Tim. npii onpeneneHiiii iiHTepcjieiiCHoro Tima MoacHO yica 3 aTb 
Tpe6yeMyio o6aacTb biiahmocth h nocTyna (public, protected, internal h t. n.). 

B cooTBeTCTBim c corjiamemieM ii.vicipa pi i p pepcjacii c 11 i>i x thhob HaaHHaiOTCH c npo- 
nHCHoft 6yKBbi I, hto o6jierHaeT hx noncK b hcxoahom KO,a,e. CLR nonAepacimaeT 
o6o6meHHbie HHTepcjieHCbi (KaK noKa 3 aHO b HeKOTopbix iipe/ua/iyiniix npimepax) h hh- 
TepijieiicHbie MeTOAbi. B sto ii raaBe a jinnib cnenca Kacaiocb HCKOTopbix B 03 MoacHOCTeii 
o6o6meHHbix iim eppjieiicoii, pcnaai 11 cm. b iviaise 12 . 

OnpenejieHiie iiHTepcjieHca MoaceT «Hacjie/p,OBaTb» npynie HHTepcjieHCbi. OnHaico cjio- 
bo <<HacjieflOBaTb» He cobccm ToaHoe, nocKOJibKy b iiHTepcjieHcax HacaenoBaHiie pa6oTaeT 
iiiia'pc, 'pc.vi b Kaaccax. H iipcyuioaiiTaio paccMaTpimaTb iiac. : ic;i,oiiaiiiie iiiiTep<})eiicoii KaK 
BKJiioaeHiie KOHTpaKTOB apyiTix HHTepcjieHCOB. HanpHMep, oiipe/yvieiiiio pti i [C‘|)(})ciica 
TCollection<T> BKJnoaaeT KompaKT imTepcjiciicoB TEnumerable<T> h IEnumerable. 
3 to oaipauacT c.icyiyioiipec: 

□ jho6oh Kjiacc, ipacjie/iyioiPLiiii iimepcjiCMC ICollection<T>, /tojiacci p peajni 30 BaTb 
Bee MeTOAbi, onpenejieHHbie b iiHTepcjieHcax ICollection<T>, IEnumerable<T> 
ii IEnumerable; 

□ jno6oii koa, oaciiaaiomim o6beKT, Tim KOToporo peajni 3 yeT iiHTepcjieiic ICollectioncT >, 
MoaceT 6biTb yBepeH b tom, hto Tim o6beKTa TaKace peajni 3 yeT mctoah HHTepcjieHCOB 

IEnumerable<T> hIE numerable. 


HacjieAOBaHi/ie MHTep4>eMCOB 

Ceimac a noKaacy, KaK onpenemiTb ran, peajni3yiomiiii iiHTepcj>eHC, C03a,aTb 3K3CMnaap 
3 toto Tima 11 ncnojib30BaTbnojiyaeHHbiii o6beKT juw Bbi30Ba iimeiwjieiiciii.ix mctoaoh. 
B C# 3to neiiaeTca oaeHb npocTO, BHyTpeHHaa peajiii3aiinH ayTb caoacHee, ho 06 stom — 


HeMHoro no3ace. 
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HHTep4)efic System. ICompanable<T> onpenejiHeTCH TaK (b MSCorLib.dll): 

public interface IComparable<T> { 

Int32 CompareTo(T other); 

} 


CjienyroniHH kor neMOHCTpiipyeT, KaK onpenejiHTb thii, peajiH3yiomHH 3 tot HHTep - 
cjieHC, h koh, cpaBHHBaiomHH r Ba o6beKTa Point: 

using System; 

// 06beKT Point aB/iaeTcfi npon3BOAHbiM ot System.Object 
// n pea^M3yeT IComparable<T> b Point 
public sealed class Point : IComparable<Point> { 
private Int32 m_x, m_y; 

public Point(Int32 x, Int32 y) { 
m_x = x; 

m_y = y; 

} 

// 3tot MeTOfl pea/in3yeT IComparable<T> b Point 
public Int32 CompareTo(Point other) { 

return Math.Sign(Math.Sqrt(m_x * m_x + m_y * m_y) 

- Math.Sqrt(other.m_x * other.m_x + other.m_y * other.m_y)); 

} 

public override String ToStringQ { 

return String.Format("({0}, {1})", m_x, m_y); 

} 

} 

public static class Program { 
public static void Main() { 

Point[] points = new Point[] { 
new Point(3, 3), 
new Point(l, 2), 

}; 


// Bbi30B MeTOfla CompareTo MHTep<|)eiica IComparable<T> o6beKTa Point 
if (points[0].CompareTo(points[1]) > 0) { 

Point tempPoint = points[0]; 
points[0] = points[l]; 
points[l] = tempPoint; 

} 

Console.WriteLine("Points from closest to (0, 0) to farthest:"); 
foreach (Point p in points) 

Console.WriteLine(p); 

} 


KoMimjiHTop C# Tpe6yeT, HTo6bi mctoa, peajm3yiomiiH iiHTeptjieHC, OTMenajica 
MO/uicjiiiKaTopoM public. CLR Tpe6yeT, 'rro6bi iiHTepcjieHCHbie Meto/ibi 6buiH BiipTyajib- 
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HbiMii. Ecjih MeTOA hbho He onpenejieH b KO,a,e KaK BHpTyajibHbiH, KOMniuiHTop cnejiaeT 
ero TaKOBbiM h, B,a;o6aBOK, aanciaTamibiM. 3 to He ikkibojiiict npoii3Boa,HOMy KJiaccy 
iicpeonpc;i,e./iMTb iiHTepcjieHCHbie MeTOAbi. Ecjih hbho aa/un'b mcto/i KaK BiipTyajibHbiH, 
KOMraijuiTop c/iejiaer ero TaKOBbiM h ocTaBHT iiesaiiCMa rainiPjiM, mto npeflOGTaBHT npo- 
H3BOji,HOMy KJiaccy B03MoacHOCTb nepeonpeAejuiTb iiiiTep4)ciiciii>ic mcto/ipj. 

ITpori3BOji,HbiH KJiacc He b coctohhhh nepeonpeAejiHTb HHTepifjeHCHbie MCTO/ibi, 
o6bHBJieHHbie 3aneHaTaHHbiMii, ho MoaceT noBTopHO yHacjieflOBaTb tot ace nHTepc^eiic 
h npeAOCTaBHTb co6cTBeHHyio peajiii3an,iHO ero mcto/iois. IIpii Bbi30Be iiineixjpeiuTPom 
MC'io/ia o6beKTa isp>i,ii,i iupcpoi peajinsauna, Cliaaamiaa c thhom caMoro o6beKTa. Cjie- 
AyiomiiH npimep neMOHCTpupyeT sto: 
using System; 

public static class Program { 
public static void MainQ { 

riGpBblM npMMGp J 

Base b = new BaseQ; 

// BbiBOB peann3aLpnM Dispose b Tune b: "Dispose K/iacca Base" 
b.DisposeQ; 

// Bbi 30 B peann3aLpnM Dispose b Tune o6beKTa b: "Dispose K/iacca Base" 

((IDisposable)b).Dispose(); 

0-pQpQpj npMMep j 

Derived d = new DerivedQ; 

// Bbi30B peann3aLpnM Dispose b Tune d: "Dispose K/iacca Derived" 
d.Dispose(); 

// Bbi 30 B peann3aLpnM Dispose b Tune o6beKTa d: "Dispose K/iacca Derived" 

((IDisposable)d).Dispose(); 

b = new DerivedQ; 

// Bbi 30 B peann3aLpnn Dispose b Tune b: "Dispose K/iacca Base" 
b.DisposeQ; 

// Bbi30B pea/iM3auMM Dispose b Tune o6beKTa b: "Dispose K/iacca Derived" 
((IDisposable)b) .DisposeQ; 

} 

} 

// 3tot K/iacc ABniieTCB npon3BoflHbiM ot Object n pea/ini3yeT IDisposable 
internal class Base : IDisposable { 

// 3tot MeTOfl HeiiBHO 3anenaTaH n ero Hexb3fi nepeonpefle/iniTb 
public void DisposeQ { 

Console.WriteLine("Base’s Dispose"); 

} 

} 

npodojincenue & 
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// 3tot K/iacc Hac/ieayeT ot Base h noBTopHO peann3yeT IDisposable 
internal class Derived : Base, IDisposable { 

// 3tot MeTOfl He MOxeT nepeonpeAennTb Dispose H3 Base. 

// KmoseBoe c/iobo 'new' yKa3biBaeT Ha to, hto 3tot mctoa 
// noBTopHO peann3yeT mctoa Dispose HHTepjjenca IDisposable 
new public void DisposeQ { 

Console.WriteLine("Derived’s Dispose"); 

// nPHMEHAHME: c/ieflywinan cTpoKa Koaa noKa3biBaeT, 

// KaK Bbi3BaTb peanH3apHio 6a30Boro K/iacca (ecnn HyxHo) 

// base.DisposeQ; 

} 

} 

l1oAPo6Hee o Bbi3oeax 
MHTep<t>eMCHblX MeTOAOB 

Tim System. String H 3 6ii6.tiiotckti FCL iinc/iCAVCT CHraaTypbi h peajiH3au;HH Me- 
TOflOB System.Object. KpoMe Toro, thii String peajni3yeT HecKOJibKO iiiiTcpjieiicob: 
IComparable, ICloneable, IConvertible, IEnumerable, IComparable<String>, 
IEnumerable<Char> h IEquatable<String>. 3to 3 HanHT, hto Timy String He Tpe6y- 
eTCH peajiH 30 BbiBaTb (hah nepeonpeaejiHTb) MeTOAbi, iiMeiomiieca b ero 6 a 30 B 0 M THne 
Object. 0 /i,iiaico Tiin String aoa/KCfi pea/maom.inaTb MCTO/pa, o6bHB/ieHHbie bo Bcex 
iniTcpcjxak'ax. 

CLR xoiiycicacT onpc/ie/ieime no a eft, napaivieTpoB hjih noKajibHbix nepeMeHHbix, 
HMeiomux HHTcpijiciiciibiH THn. Hciio. ib.iy/i nepeMeHHyio nmepcjieiiciiom THna, moacho 
B bI 3 bIBaTb M CTO/I,PJ, OIipCXCJICIIII bl(‘ 3 THM III ITCpcjlCik'O.YI. K TOMy >KC CLR n 03 B 0 JIJieT Bbl- 
3 biBaTb MeTOAbi, oi ipexc/iei m bi e b THne Object, nocKOHbKy bcc KJiaccbi iiac.TexyiOT ero 
MeTOAbi, KaK npoAeMOHCTpupoBaHO b CAeAyiomeM KOAe: 

// nepeMeHHan s ccbinaeTca Ha o6beKT String 
String s = "Jeffrey"; 

// Mcno/ib3yn nepeMeHHyio s, mo>kho BbBbiBaTb aio6oh MeTOA, 

// onpeaeneHHbiii b String, Object, IComparable, ICloneable, 

// IConvertible, IEnumerable h t. a. 

// nepeMeHHan cloneable ccbinaeTcn Ha tot *e o6beKT String 
ICloneable cloneable = s; 

// Mcno/ib3yfi nepeMeHHyio cloneable, a Mory BbBBaTb aio6oh MeTOA, 

// o6bHBneHHbm TonbKO b HHTep^ePice ICloneable (ham aio6oh MeTOA, 

// onpefleneHHbiii b Tune Object) 

// nepeMeHHan comparable ccbinaeTcn Ha tot xe o6beKT String 
IComparable comparable = s; 

// McnoAb3yn nepeMeHHyio comparable, » Mory BbBBaTb aio6oh MeTOA, 

// o6bHBAeHHbm TOAbKO b HHTep<|)eHce IComparable (hah aio6oh MeTOA, 

// onpeAeAeHHbifi b THne Object) 
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// nepeMeHHas enumerable ccbmaeTCS Ha tot xe o6texT String 

// Bo BpeMH Bbino/iHeHHB mojkho npHBOflHTb MHTepcjDeiicHym nepeMeHHyHD 

// k MHTepc|)eMcy apyroro rwna, ecAin Tun o6texTa peaAin3yeT 06a MHTepc|)etica 

IEnumerable enumerable = (IEnumerable) comparable; 

// McnoAb3yfi nepeMeHHyio enumerable., n Mory BbBbiBaTb akd6oh mctoa, 

// o6bHBAeHHbm TOAbKO b MHTep<j)eMce IEnumerable (hah n\o6ov\ mctoa, 

// onpeAeAeHHbiti TOAbKO b Tune Object) 

Bee nepeMCHHbie b stom ko;i,c cciA/iaio'iCH Ha 0 / 1,1111 o 6 beKT String b ynpaB/nieMoii 
icync, a a.iia'im, jik ifio h mcto/i,, KOTopbiii a Bbi 3 biBaio c iiciio.iiAsobamie.M .11060 ii H 3 othx 
nepeMeHHbix, aaxeiicTbycT 0 / 1,1111 o 6 beKT String, xpai pip mini CTpoKy "Jeffrey". Ho ran 
nepeMeHHOii onpe/mjraeT /[.encmi-ie, KOTopoe a Mory BhinojiHHTb c o 6 beKTOM. nepeMeH- 
Haa s imeeT Tim String, ananiti, OHano 3 BOJiaeT Bbi 3 BaTb ./noooii hjicii, onpe/iejieHHbffl b 
T ime String (Hanpimep, cboiictbo Length). ITepeMeHHyio s MoacHO TaKace iicno/ib 30 BaTb 
/yra Bbi 30 Ba .1106 i>ix mctoaob, ynacjic/ioiiamibix ot THna Object (Hanpimep, GetType). 

I lepc.YtemiaM cloneable HMeeT Tim iiiPTcpijpeiica ICloneable, a aipaHiiT, no3BOJiaeT 
Bbi3biBaTb Me to a Clone, onpe/p,ejieHHbiii b otom inric‘p<))ciicc. KpoMe toto, MoacHO bh- 
3BaTb jho6oh mctoa, onpeAejieHHbiii b Time Object (Hanpimep, GetType), nocicojibKy 
CLR «3HaeT», hto Bee THnbi mh./imiotcm npoH3BOAHbiMH ot Object. OynaKO iiepe.Meimaii 
cloneable He no3BoaaeT Bbi3biBaTb OTKpbiTbie MCTO/mi, onpeAeaeHHbie b jiio6om npyroM 
mmjxjieiice, pea/inaoiianiioM TimoM String. Ana.iom'im.iM o6pa30M Hcpe.3 iicpeMen- 
Hyio comparable MoacHO Bbi3BaTb CompareTo iuiii jiio6oh mcto/i,, onpeAeaeHHbiii b Time 
Object, ho He xpyrne mcto/i,pa. 


BHMMAHME 

KaK 1/1 ccbmoHHbiia Tun, 3 HaHHMbiti Tun MoaceT pea/in 30 BaTb Hecxo/ibxo (nan Hy/ib) nHTep- 
cjDencoB. Ho npn npnBeAeHnn 3 X 3 eMnjinpa 3 HaHnivioro Tnna k nHTepcbencHOMy Tnny stot 
3 K 3 eMnanp h3ao ynaKOBaTb, noTOMy hto nHTepcjDencHan nepeMeHHaa nBaaeTca ccbi/ixon, 
KOTopan Aoa>KHa yi<a 3 biBaTb Ha oOtexT b xyne, HToObi cpeAa CLR Moma npoBepnTb yxa- 
3 aTeab n tohho BbmcHnTb Tnn oGtexTa. 3 aTeM npn Bbi 30 Be MeTOAA nHTepcjDenca c yna- 
KOBaHHbiM 3 HannMbiMTnnoM CLR ncno/ib 3 yeTyxa 3 aTe.nb, HToObi Han™ TaO/iniyy mctoaob 
T nna o 6 t>exTa n Bbi 3 BaTb HyxcHbin MeTOA. 


flBHbie M HeflBHbie pea/1M3aL|MM MHTGpC|)6MCHblX 
MeTOflOB (HTO npOMCXOAMT 3a KyjmcaMM) 

Koi/pa Tim 3 arpyacaeTCH b CLR, /ym Hero coa/iaeiCM 11 iiiiiiiLiia/iiiaiipycTCM lao.T 111 yi 
mctoaob (cm. r/iaBy 1 ). OHa conepaciiT no oahoh 3 anncn aah KaacAoro hoboto, npeACTaB- 
./iiicmoit) TOAbKO 3 TiiM THnoM mcto/ia, a TaKace 3 anncn aah Bcex BiipTya/ibHbix mctoaob, 
ynac.Te/i,()iiaiiiii.ix thtom. yiiac.TC/i,oiiaimi)ic BiipTya/ibHbie mcto/i,pa isi/.iio'iaio'i mcto/i,pa, 
01 ipcxc/ioi 111 iac b 6 a 30 Bbix Tiinax iiepapxHii nac.TC/i,oi!aimM, a TaKace Bee mcto/i,pa, oiipc/i,c- 
/K'liiiiAe iime|:x))ehci[iAMn THnaMii. /[oiiyc'i nM, pimcctcx npocToe oippc/i,cviei[iic Tima: 
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internal sealed class SimpleType : IDisposable { 

public void DisposeQ { Console.WriteLine("Dispose"); } 

} 

Toivta Ta6jiiTna mctoaofs THna conepacHT aaimcii, b kotopmx npc;i,CTaii. ; iciii)i: 

□ Bee 3K3eMnjiapHbie mctoah, onpenejieHHbie b Time Object 11 hchbho yHacjienoBaHHbie 
ot 3Toro 6a30Boro Kiiacca; 

□ Bee iiHTepcjieHCHbie mctoam, onpenejieHHbie b hbho yHacnenoBaHHOM iiHTepcjieHce 
IDisposable (b HameM npimepe b iiHTepcjieHce IDisposable onpeaeneH TOJibKO 
oahh mctoa — Dispose); 

□ HOBbiii MeTOfl, Dispose, hohbiibihhhch b Time SimpleType. 

Hto6m ynpocTHTb 5KH3HB nporpaMMHCTa, KOMiin.'iMTop C# C'lirrae r, tio iiohbiib- 
miiHCH b Time SimpleType mctoa Dispose mb.ihctcm peajiii3aii,HeH .viCTO/ta Dispose H3 
HHTepcjieHca IDisposable. KoMnHjiHTop C# BnpaBe CAeaaTb TaKoe npennoiioaceHiie, 
noTOMy tio mctoa OTKpbiTbiii, a ciiraaTypbi HHTepcjieHCHoro MeTOAa h hoboto .viCTO/ta 
comia/uuoT. Sna'iiiT, mctoabi npimiiMaioT 11 B03Bpamai0T OAimaKOBbie THnw. KcTaTH, 
eciiH 6bi HOBbiii .victor Dispose 6bui iiomcicii KaK BiipTyaubHbiii, komiiii.ihtop C# Bee 
paBHO conocTaBiui 6bi stot mctoa c o.iiiOH.vieimbi.M iniTcp(})ciicm>i.M mctoaom. 

ConocTaBJum HOBbiii mctoa c HHTepcjieiicHbiM mctoaom, KOMnmiHTop C# reHepiipyeT 
MeTanaHHbie, yKa3biBaiomiie Ha to, hto o6e 3amicii b Ta6jnme mctoaob Tima SimpleType 
HOiDKHbi ccbuiaTboi Ha OAHy peajiii3aunio. HTo6bi BaM CTajio noHHTHee, CAeAyromiiii koa 
A eMOHCTpupyeT bm30b OTKpbiToro MeTOAa Dispose KJiacca, a Taioicc bh30b peaAH3au,Hii 
KAacca aah MeTOAa Dispose iiHTepijieiica IDisposable. 

public sealed class Program { 
public static void MainQ { 

SimpleType st = new SimpleType(); 

// Bbi30B pea/in3aunn OTKpbiToro MeToaa Dispose 
st.DisposeQ; 

// Bbi30B pea/in3aunn MeToaa Dispose nHTep<|)eiica IDisposable 
IDisposable d = st; 
d. DisposeQ; 

} 

} 

B nepBOM Bbi30Be BbinojiHueTca o6pameHiie k MeTOAy Dispose, onpeAeAeHHO- 
My b Time SimpleType. 3aTeM h onpeAeAHio nepeMemiyio d iiHTepcjieiicHoro Tima 
IDisposable. H iiHim,iiaAH3Hpyio nepeMeHHyio d ccbijiKoii Ha o6beKT SimpleType. 
Tenepb npn Bbi30Be d. Dispose() m.mo.TiiMCTCH o6pameHiie k MeTOAy Dispose iiHTep- 
(jieiica IDisposable. TaK KaK C# Tpc6ycT, hto6h OTKpbiTbiii mctoa Dispose to>kc 6p>i.i 
peaAH3aH,iieii aah MeTOAa Dispose iiHTepcjieiica IDisposable, 6yAeT BbinojmeH tot ace 
koa, h b 3tom npimepe Bbi He 3AMeTHTe K'aKoii-.iiioo pa3Him,bi. Ha BbixoAe 11 o. iy'i itm 
c.;iCAyioiuec: 
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Dispose 

Dispose 

Tenepb mm nepennineM SimpleType, hto6m Moamo 6 f>i.io yen/peTi, pa3Him,y: 

internal sealed class SimpleType : IDisposable { 

public void DisposeQ { Console.WriteLine("public Dispose"); } 

void IDisposable.Dispose() { Console.WriteLine("IDisposable Dispose"); } 

} 

He BM3MBaa mcto/p Main, mm mo/kcm npocTO nepeKOMmiJinpoBaTb h 3anycTHTb 3a- 
hobo nporpaMMy, h Ha Bbixo/pe nojiyaiiM cae/pyiomee: 

public Dispose 
IDisposable Dispose 

Ecjih b C# nepc/p HMeHeM .vtcpo/pa yKa3aHO hmh HHTepcjieHca, b kotopom onpc/pcjien 
3tot MeTOA (b HarneM npHMepe — IDisposable. Dispose), to bm co3naeTe sienyiopea- 
jimaupm unmepcpeucHozo Memoda (Explicit Interface Method Implementation, EIMI). 
3aMeTbTe: npn hbhoh peajiH3an,iiH HHTepcjieHCHoro MCio/pa b C# ikjtptph yKa3MBaTb 
ypoBeHb nocTyna (otkpmtmh hjih 3aKpMTbin). Oaiiaia) Koiypa KOMmuiaTop coa/paeT 
MeTanaHHbie /p,./pm Mcno/pa, oh iiPiaiia'mcT eMy 3aicpbiTbiH ypoBeHb /pocTyna (private), 
hto 3anpenpaeT jnodoMy KO/py Hcnojib30BaTb 3K3eMnjiap KJiacca npocTMM bm30bom 
HHTepcjieHCHoro .vtCTO/pa. E/puiiCTisemii.iii cnocod Bbi3BaTb iiiiTcp():)CHcm>iii mcto/p — od- 
paTHTbcn nepe3 nepeMeHHyio stoto riHTepcjieHCHoro rana. 

OdpaTHTe BHHMaHHe Ha to, hto EIMI-mcto/p hc MoaceT 6 biTb BiipTyajibHMM, a 3HaaiiT, 
ero iie.TP)3a nepeonpenemiTb. 3to nponcxo/pHT noTOMy, uto EIM I -mcto/pb /peftcTBHTejib- 
hocth He HBjmeTCH 'lacTbio 06 'beicmoii MO/pejiH Tuna; sto Bcero jranib cpe/pcmo cbh3m- 
BaHim HHTepcjieHca (Hadopa BapnaHTOB noBe/peHiia, iijih mcto/pob) c TimoM. Ecjih TaKOii 
no/pxo/p KaaceTcn BaM HeMHoro HeyKJiioacHM, 3HaaiiT, bm Bee noHajin npaewibno. /fajiee 
b 3toh rjiaBe a oniimy HCKOTopbie /pciicnseimi.io npHaiiHbi /pjia Hcnojib30BaHHH EIMI. 


06 o 6 LueHHbie MHTepct>eMCbi 

no/pzpepacica ododnpeHHbix HHTepcjreiicoB b C# ii CLR OTKpbiBaeT nepe/p paspadoTaincaMii 
MHoro HHTepecHbix B03M0acH0CTeii. B stom paa/pejie paccica3biBaeTca o npeHMymecTBax 
ododnpeHHbix iiHTepiJieHCOB. 

Bo-nepBbix, ododnpeHHbie HHTepcjieHCbi odecnc'iiiiiaiOT de3onacHOCTb thhob Ha CTa- 
TPHH KOMnujiarpiiH. HeKOTopbie HHTepcjieHCbi (TaKiie, Kan HeododmeHHbiii IComparable) 
onpe/pejiaiOT mcto/pm, kotopmc npHHHMaiOT hjiii B03Bpanpai0T napaMeTpbi THna Ob j ect. 
npn BM30BC B KO/pe MCTO/POB TaKHX IIHTep(f)eHCOB M05KH0 nepe/paTb CCMJIKy Ha 3K3eMnJiap 
jiiodoro Tima, o/piipiiai odbiaHO sto HeacejiaTejibHO. I Ipitne/pcM npimep: 

private void SomeMethodl() { 

Int32 x = 1, y = 2; 

IComparable c = x; 

npodojiwemie & 
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// CompareTo o*nflaeT Object, 

// ho Bno/iHe flonyCTHMO nepeaaTb nepeMeHHyio y Tuna Int32 
c.CompareTo(y); // Bbino/iHaeTca ynaKOBKa 

// CompareTo owHflaeT Object, 

// npw nepeAane "2" (Tun String) KOMnM/iflLiMfl Bbino/iHaeTCfi HopMa/ibHO, 

// ho bo BpeMH BbinonHeHMfl reHepripyeTCB HCKmoneHMe ArgumentException 
c.CompareTo("2"); 

} 

Bcho, tio >Kc;iaTCjibim o6cci[cnn b 6ojiee CTpornn Kompo.ib TtinoB b iiHTepcjieHC- 
hom mcto/i,c, iiootomv b FCL bK. iio'fon o6o6meHHbffl HHTepc^eiic IComparable<T>. Bot 
HOBaa BepcHH KO/i,a, naMCiioimaa c yiCTO.vi iicno. ib.sobamia o6o6meHHoro iiHTepcjieHca: 

private void SomeMethod2() { 

Int32 x = 1, y = 2; 

IComparable<Int32> c = x; 

// CompareTo o>KHAaeT Object, 

// ho Bno/iHe flonyCTHMO nepeaaTb nepeMeHHyio y Tuna Int32 
c.CompareTo(y); // Bbino/iHaeTca ynaKOBKa 

// CompareTo o>KHAaeT Int32, 

// nepeflasa "2" (Tun String) npnBOflkiT k own6Ke KOMnH/inpHM 
// c coo6meHneM o HeB03M0>KH0CTM npnBecTM Tun String k Int32 
c.CompareTo("2"); // 0wn6Ka 

} 

BTopoe iipenMymecTiso o6o6meHHbix nmcpijicncoB 3»aK'.Tio'[acTca b tom, tio npn 
pa6oTe co .ana'niM himh xirnaMH TpcSycTOi MeHbine oncpaunii ynaKOBKii. 3aMeTbTe: 
b SomeMethodl Heo6o6meHHbiH mctoa CompareTo HHTepc^eiica IComparable oacimaeT 
nepeMeHHyio Tima Object; nepe/cana nepeMeHHoii y (anaanMbiii ran Int32) npiiBO/iHT 
k ynaKOBKe aiia'ieniiM y. B SomeMethod2 mcto/i, CompareTo o6o6meHHoro iimcpcjiciica 
IComparable<T> oacn/caeT Int32; nepe/cana y BbinojiHaeTca no 3HaneHiiio, nooTOMy 
ynaKOBKa He TpeoycTCM. 

nPMMEHAHME 

B FCL onpeAeaeHbi Heo6o6meHHbie n o6o6meHHbie Bepcnn nHTepcJiencoB IComparable, 
ICollection, I List, IDictionary n HeKOTopbix flpyrux. Ec/in Bbi onpeAe/raeTe Tnn n xoTi/ne 
pea/in30BaTb mo6on M3 3tmx nHTep<t>encoB, obbiHHO nyHLue BbiOnpaTb o6o6iAeHHbie 
Bepcnn. Heo6o6Lu,eHHbie Bepcnn ocTaBiieHbi b FCLatih obpaTHon coBMecTmviocTM c ko- 
AOm, HanncaHHbiM ao Toro, xaK b .NET Framework noaBwiacb noAAep>KKa obobmeHnn. 
Heo6o6Lu,eHHbie Bepcnn Taioxe npeAOCTaB/iaiOT nonb30BaTe/iHM MexaHn3M paboTbi 
c AaHHbiMn 6onee yHnBepca/ibHbiM, ho n MeHee 6e3onacHbiM o6pa30M. 

HeKOTopbie o6o6iAeHHbie nHTepcJiencbi nponcxoA^T ot Heo6o6iAeHHbix Bepcnn, Tax hto 
b Knacce npnxoAnTcn peaan30BbiBaTb kak obobiAeHHyio, Tax n Heo6o6Lu,eHHyio Bepcnn. 
HanpnMep, o6o6meHHbin nHTepcJsenc IEnumerable<T> HacneAyeT ot Heo6o6iAeHHoro 
nHTepcJienca lEnumerable. Tax hto ec/in K/iacc peann3yeT IEnumerable<T>, oh aotokoh 
T aKxe peaan30BaTb lEnumerable. 
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1/lHorfla, npn hboOxoahmocth nHTerpapnn c APyruM koaom, npnxoAnTca pea/in30BbiBaTb 
Heo6o6LAeHHbiM nHTepcjienc npocio noTOMy, hto Heo6o6iAeHHon Bepcnn He cyiAecTByeT. 
B 3tom caynae, ec/in nxibon M3 nHTepcfiencHbix MeTOAOB npHHMMaeT nan B03BpaiAaeT 
Tnn Object, TepaeTca 6e3onacHOCTb TnnoB npn xoMnn/iHAnn, n 3HannMbie Tnnbi AoaxHbi 
ynaKOBbiBaTbca. Moxho b Hexcrropon CTeneHn ncnpaBnTb 3Ty cnTyapnio, AencTBya Tax, 
xax onncaHO Aaaee b pa3Aeae «CoBepLueHCTBOBaHne 6e3onacHOdn TnnoB 3a cneT aBHon 
peaan3apnn nHTepcjiencHbix MetOAOB*. 


TpeTbe npeHMymecTBO o6o6meHHbix nmcpcjiciicois aaiCTiO'iacrcM b tom, tio Kjiacc 
MO>l(CT peajIH30BaTb OA H11 llllTCpfjlCHC MHOTOKpaTHO, npOCTO HCIIO.lb.3ya napaMeTpbl 
paajm'iiioro THna. Cac/i,yioimiii npii.vicp noKa3biBaeT, KaK 3to 6biBaeT y/to6i if >: 

using System; 

// 3tot x/iacc peaan3yeT o6o6meHHbm HHTepc^ePic IComparable<T> flBaxflbi 
public sealed class Number: IComparable<Int32>, IComparable<String> { 
private Int32 m_val = 5; 

// 3tot MeTOfl pea/in3yeT MeTOfl CompareTo MHTep^ePica IComparable<Int32> 
public Int32 CompareTo(Int32 n) { 
return m_val.CompareTo(n); 

} 


// 3tot MeTOfl pea/in3yeT MeTOfl CompareTo nHTep^efica IComparable<String> 
public Int32 CompareTo(String s) { 

return m_val.CompareTo(Int32.Parse(s)); 

} 

} 

public static class Program { 
public static void Main() { 

Number n = new NumberQ; 

// 3HaHeHMe n cpaBHUBaeTCfl co 3HaneHneM 5 Tuna Int32 
IComparable<Int32> clnt32 = n; 

Int32 result = cInt32.CompareTo(5); 

// 3HaMeHne n cpaBHMBaeTCfi co 3HaneHneM "5" Tuna String 
IComparable<String> cString = n; 
result = cString.CompareTo("5"); 

} 

} 

IlapaMeTpbi nmcpcjieiica o6o6iu,eHHoro Tima MoryT 6biTb Taioi;e imMe'ieiibi KaK 
KOHTpaBapnaHTbie turn KOBapnaHTHbie, mto no3BOjiaeT 6o.;iee tii6ko ncnojib30BaTb 
HHTepcjieHCbi. I loApooiiee o KOHTpaBapnaHTHOCTH h KOBapnaHTHOCTH paccKaai.iisacTCM 
b raaBe 12. 
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06o6mem/m n orpaHHHem/m nHTepcJ^eiica 

B npeAbi/iymeM pa3A,ejie 6bijiH omicaiibi npeHMymecTBa o6o6meHHbix iiHTepcjieHCOB. 
B 3tom pa.3/i,cjic pc Mb noHAeT o nojib3e orpaiiiiMcmiM napaMeTpoB-THnoB TaKi-ix imrep- 
cjieik'oi!. 

IlepBoe npeHMymecTBO coctoht b tom, mto napaMeTp-THn moacho oipaiiiiMin b He- 
CKOJibKHMH HHTepifieHcaMH. B 3 tom cjiynae Tim nepenaBaeMoro napaMeTpa AOJiaceH 
pca./i 1130Uhl h;it I) ece orpaHimeHim. Bot npimep: 

public static class SomeType { 
private static void Test() { 

Int32 x = 5; 

Guid g = new Guid(); 

// KoMnunminn aToro BbBOBa M Bbino/iHneTca 6e3 npo6neM, 

// nocKO/ibxy Int32 peann3yeT n IComparable, n IConvertible 
M(x); 

// KOMnn/iflunfl 3TOro BbBOBa M npuBOflnT k omn6Ke, nocKO/ibKy 
// Guid pea/in3yeT IComparable, ho He peann3yeT IConvertible 
M(g); 

} 

// napaMeTp T Tuna M orpaHWHHBaeTcn TO/ibKO TeMir TnnaMM, 

// KOTopbie pea/in3yiOT o6a nHTep<j)eiica: IComparable M IConvertible 
private static Int32 M<T>(T t) where T : IComparable, IConvertible { 

} 

} 

3a.\iCMa'rc, : ii)iio! IIpii onpeneneHini napaMeTpoB Mcro/ia Kaacubifi Tim napaMeTpa 
yKa3bmaeT, mto nepenaBaeMbifi aprv.vicm aojiacch imeTb a.a.tamibiii Tim hjih 6biTb npo- 
H3B0AHbiM ot Hero. Ecjih TimoM napaMeTpa mistimc'icm iiHTepcjieHC, apryMeHT moacct 
OTHOCHT bca k jno6oMy THny Kjiacca, peajma.yioiucMy 3aA,aHHbiii imTcpcjiciic. Hcnojib- 
30Bamie HecKOJibKiix orpaHiinemiH inncpcjieiica iio3.ho,/imc'i mcto/iv yica3biBaTb, mio 
iiepc/uiiiacMbiii apryMeHT aojiacch peaini30BbiBaTb HecKoabKo iiHTepcjieHCOB. 

HacaMOM; i,c, : ic, oipaiiiiMiibaM T KJiaccoM hA isy.viM iiHTepcJieiicaMii, mh roBopiiM, m io 
T imoM ii<‘pc;i,aiiacMom apryMeHTa aojiacch 6biTb yKa3aHHbifi 6a30Bbifi KJiacc (hjih npo- 
H3B0HHbiH ot Hero), a Taioicc m io oh AO-i/iceii peajiii30BbiBaTb o6a iiirrc|)())ciica. TaicaM 
ni6K0CTb IIO.3bO. IMCT MeTO/ty AHKTOBaTb yCJIOBIIS BbI3bIBaiOmeMy KOHy, a npil HeBbinOJI- 
neniiii ycTanoBJiennbix orpaHiineHiifi B03Hiiicai0T oinn6Kii komhiijihhhh. 

BTopoe npeiiMymecTBO oipaiiiiMcmiii nirtcixjiciica — H36aBjieHiie ot ynaKOBKii npn 
nepenane 3K3eMnjuipoB SHanHMbix thhob. B npeubmymeM cjjparaeHTe Kona MeTO/iy M 
nepenaBajica apryMeHT x (3ic.3CMii.iMp rmia Int32, to ecTb .'iiiaMiiMom THna). npn nepe- 
nane x b M ynaKOBKa He bbiiio. iiiM.Taci). Ecjih koa mcto/ih M Bbi30BeT t. CompareTo(...), 
to ynaKOBKa npn Bbi30Be TaKAce He 6yaeT BbinojiHUTbcn (ynaKOBKa moacct BbmojiHHTbCH 
AJiH apryMCHTOB, nepenaBaeMbix Compa reTo). 
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B to ace Bpeivia ecjni M o6 - bHBJiHeTCH cnenyiomiiM o6pa30M, to /via nepenaAii x b M 
npiTAeTCH BbinoAHHTb ynaKOBKy: 

private static Int32 M(IComparable t) { 

} 

/[./i a orpaiiHACHiiii nmepclieiicois k'omi[ii./imto|) C# reHepiipyeT onpenejiemibie IL- 
HHCTpyKUHH, KOTOpbie BbI3bIBaiOT HHTep(J)eHCHbIH MCTOA AJIfl 3HamiMOrO Tima HanpHMyio, 
6e3 ynaKOBKii. KpoMe HCiio. ; ib3»oiiamiM oi paim'iemiii iiinep<))eiica hot /ipyram cnoco6a 
3acTaBiiTb KOMniMHTop C# reHepiipoBaTb TaKiie I L-HHCTpvKHim; c./rc/LOuare.T r,[ ro, bo 
bccx Apyrux c;ivMaax bm30b nmcpcjieiicnom mcto/ui /ip hi aiia'in.viom Tima Bceiyia npn- 
boaht k ynaKOBKe. 


Pea/in3aui/m HecKO/ibKnx MHTep<t>eucoB 
C OflMHaKOBblMM cunnaTypaMH 
M HMeHaMH MeTOAOB 


H iloiyia iiv'/KTio onpenejiiiTb Tim, peajiii3yiomiiii iiecico. ibico iiinepcjieiicois c mcto/uimii, 
y KOTopbix coBna^aiOT imeHa h curHaTypbi. /I,onycTHM, Aea iiHTepcjieiica onpenejieHbi 
ciieayiomiiM o6pa30M: 

public interface IWindow { 

Object GetMenuQ; 

} 

public interface IRestaurant { 

Object GetMenuQ; 

} 

'IpeoycTca onpe/aviiiTb tiiii, pea.iiiayiomiiii 06 a 3 thx iiHTepcjieHca. B stom c.iy'iac 
iiy'/KTio pea.Tii30iiaTT) 'i.TCiibi Tima nyTeM hbhoh pca./iiiaai 1,11 it mctoaois: 

// 3tot Tun RBaaeTCa npon3BOAHbiM ot System.Object 

// u peann3yeT nHTep^eticbi IWindow u IRestaurant 

public sealed class MarioPizzeria : IWindow., IRestaurant { 

// Pea/iu3auua MeTO^a GetMenu uHTeptjjefica IWindow 
Object IWindow.GetMenu() { ... } 

// Pea/iu3aumi MeTO^a GetMenu uHTepijjeiica IRestaurant 
Object IRestaurant.GetMenu() { ... } 

// MeTOA GetMenu (Heo6R3aTe/ibHbifi), 

// He HMeiOmMii OTHOUieHMR k MHTepc|)eii cy 
public Object GetMenu() { ... } 

} 
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TaK KaK 3tot THn /[O.t/kch peajiH30BbiBaTb HecKOJibKO pa3JiiraHbix mc [0/1,03 GetMenu, 
HyacHO coo6mHTb KOMnH/iHTopy C#, KaKOH H3 MeTOAOB GetMenu peajiH3an;Hio /via koh- 
KpeTHoro iiiiTepcjieiica. 

Ko/i, b kotopom iici[o.’ib;iycTC3 o6beKT MarioPizzeria, nonaceH BbinojmaTb npn- 
BeACHiie THna k oupc/tc/ioimoMy uir[’C|:x))ciicy /yia Bbi30Ba iiv/ktioio mcto/pi: 

MarioPizzeria mp = new MarioPizzeriaQ; 

// 3Ta CTpoKa BbiBbiBaeT OTKpbiTbiM MeTOfl GetMenu K/iacca MarioPizzeria 
mp.GetMenuQ; 

// 3th ctpokh Bbi3biBaK)T MeTOfl IWindow. GetMenu 
IWindow window = mp; 
window.GetMenu(); 

// 3tm ctpokm Bbi3biBaK)T MeTOfl IRestaurant. GetMenu 
IRestaurant restaurant = mp; 
restaurant.GetMenu(); 


CoBepLueHCTBOBaHne 6e3onacHOCTn 
TunoB 3a cneT hbhom pea/in3aunn 
MHTep<t>eMCHblX MeTOflOB 

MnTcp<|)ciicb[ onem> y/[ofim>i, TaK KaK ohh onpe/ie/iaiOT CTaH/iaprabra MexaHH3M naau- 
MOAeHCTBiiH MOK/tv THnaMH. PaHee a roBopn/i 06 o 6 o 6 meHHbix iim'cpijiciicax h o tom, 
KaK ohh noBbimaiOT 6e3onacHOCTb ranoB npn KOMniuiaumi h no3BO/iaiOT H36aBHTbca ot 
ynaKOBKii. K co/ica/iemiio, HHorna npiixo/pnca peajiH30BbiBaTb Heo 6 o 6 meHHbie HHTep- 
(|)CHCbi, nocKO/ibKy o 6 o 6 meHHofi BepcHH nonpocTy He cymecTByeT. Ecjiii KaKoii-/iii 6 o H3 
HHTepcjjeficHbix MeTO/iOB npiiHHMaeT napaMeTpbi rana System .Ob ject hjih B03BpamaeT 
.’iiia'iemie THna System. Ob ject, 6e3onacHOCTb thhob npn komhhjihuhh HapymaeTca 
h BbinojiHaeTca ynaKOBKa. B 3 tom paa/iy/ie a iioicaabibaio, KaK3actei hbhoh pea/maamiu 
IIHTepcj)eHCHbIX MCTO/[Ob (EIMI) MO/KTIO HeCKOJIbKO yjiyaHIHTb CHTyaH,HIO. 

Bot o'ktii. aacTO Hcnojib3yeMbifi HHTepcjjefic IComparable: 

public interface IComparable { 

Int32 CompareTo(Object other); 

} 

B 3tom iimeptjieHce oiipe/ic/iaeTca e/imicmemiijiii mcto/p KOTopbifi npiiHHMaeT 
napaMeTp THna System. Ob ject. Ecjih a onpene/no co6cTBeHHbiH ran, pea/iH3yiomHH 
9tot nmepijieiic, onpe/ic/KTiuc THna ov/ter BbirjianeTb npiiMepHO TaK: 

internal struct SomeValueType : IComparable { 
private Int32 m_x; 

public SomeValueType(Int32 x) { m_x = x; } 
public Int32 CompareTo(Object other) { 
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return(m_x _ ((SomeValueType) other).m_x); 

} 

} 


Hcnojib3yH SomeValueType, h Mory iianucaTb caeayromnii Koa: 

public static void Main() { 

SomeValueType v = new SomeValueType(0); 

Object o = new ObjectQ; 

Int32 n = v.CompareTo(v); // HexeyiaTe/ibHaa ynaxoBKa 
n = v.CompareTo(o); // McK/noHemne InvalidCastException 

} 

3tot koa Heab3H Ha3BaTb HaeaabHbiM no aisy.vi npu'iuiiaM: 

□ ne>ice.iaTCjibHa;i ynaKOBKa — Koraa iiepeMeiiiiaM v nepeaaeTca b icauecmc apry.viema 
MeToay CompareTo, OHa aoaacHa ynaKOBbiBaTbca, nocKoabicy CompareTo oacuaacx 
napaMeTp Tnna Object; 

□ OTcyTCTBHe 6e3onacHOCTH thiiob — komiiii. imhiim Koaa Bi.iiio. iiiHeTca 6e3 npo6.TC.vt, 
ho Koraa MeToa CompareTo nbiTaeTca npimecTH other k Timy SomeValueType, bo 3- 
HiiKaeT iK'K. iio'ieimo InvalidCastException. 

06a HeaocTaTKa moscho ncnpaBiiTb cpeacTBaMH EIMI. Bot .vioan<J)iimtpoisaimaH 
Bepcim Tnna SomeValueType, b KOTopofi HMeeT MecTO HBHan peajiH3an,iiH iiHTepcjTeiic- 
Hbix MeToaoB: 

internal struct SomeValueType : IComparable { 
private Int32 m_x; 

public SomeValueType(Int32 x) { m_x = x; } 

public Int32 CompareTo(SomeValueType other) { 
return(m_x _ other.m_x); 

} 

// nPMMEHAHME: b c/ieAyKMitefi cTpoxe He incnoAb3yeTcfl public/private 
Int32 IComparable.CompareTo(Object other) { 
return CompareTo((SomeValueType) other); 

} 

} 

06paTHTe BHHMaHHe Ha HeKOTopbie uavienemta b hoboh BepcHH. Bo-nepBbix, 3aecb 
aBa MeToaa CompareTo. IlepBbiH 6ojibine ne ri]> 111111 .viaea napaMeTp Tnna Object, a npn- 
HiiMaeT napaMeTp Tima SomeValueType. IlocKOJibKy napaMeTp H3MeHiuiCH, Koa, Bbinoa- 
iimioiuhh npiiBeaemie other k Tnny SomeValueType, CTaa HeHyacHbiM n 6bia yaaaeH. 
Bo-BTopbix, H3MeHeHiie nepBoro MCToaa CompareTo aan o6ecneneHiiH 6e3onacnocTH 
TnnoB npiiBoanT k TOMy, hto SomeValueType 6ojibine He npnaepacHBaeTCH KOHTpaKTa, 
ooycjioii.Teimom peajm3an,Hen 111ircjxjieiica IComparable. IIo3TOMy b SomeValueType 
HyacHO peaan30BaTb MeToa CompareTo, yaoBJiCTBopmomnn KOHTpaKTy IComparable. 
3 thm 3 »;iii nMacTCM BTopoii MeToa CompareTo, KOTopbifi ncnojib3yeT Mexami3M hbhoh 
peaan3an,HH HHTep4>eiicHbix MeraaoB. 
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3th a Ba H3MeHeHHH odecneaiiAii 6e3onacHOCTb TimoB npn KOMmuiauini h H36aBHjiH 
ot ynaKOBKii: 

public static void Main() { 

SomeValueType v = new SomeValueType(0); 

Object o = new Object Q; 

Int32 n = v.CompaneTo(v); // Be3 ynaKOBKii 
n = v.CompareTo(o); // Owin6Ka KOMnn/iflunn 

} 

O.Tilaico eciiH onpenejiHTb nepeMeHHyio inrrcjxjiciicnoi'o THna, to mh noTepaeM 6e3- 
onacHOCTb thiiob npn komihijihluiii ii oiimti, isepiiCMca k ynaKOBKe: 

public static void Main() { 

SomeValueType v = new SomeValueType(0); 

ICompanable c = v; // ynaicoBKa! 

Object o = new Object(); 

Int32 n = c.CompareTo(v); // HeweyiaTe/ibHaa ynaicoBKa 
n = c.CompareTo(o); // HcKxioMeHne InvalidCastException 

} 


KaK yace OTMCia.ioci), npn npiiBCAcniHi ;)K3C.vm, ; m|)iioi'o Tima k iiirrcpijiciiciiOMy 
cpe/ia CLR Aoaaaia ynaKOBbiBaTb 3K3CMnjiap 3HaaiiMoro Tima. IIoaTOMy b npiiBeflCHHOM 
MeTOfle Main BbinojmaiOTca use ynaKOBKii. 

K EIMI 'lacio npuderaiOT npn pca./iiiaai lit n TaKiix iiirrcpcjiciicoii, KaK IConventible, 
ICollection, IList h IDictionary. 3to no3BOJiaeT o6ecneaiiTb b iiHTepcfieHCHbix MCTOAax 
6e3onacHOCTb THnoB npn komhhjihiihh h nsoaiuiiPjCM ot ynaKOBKii .mamiMbix TimoB. 


OnacHOCTM sibhom pea/in3aunu 
MHTep<t>eMCHblX MeTOflOB 

O'KTII. BaaCHO nOHIIMaTb HCKOTOpbie OCo6eHHOCTH EIMI, H3-3a KOTOpbIX CJIC/iyCT H36e- 
raTb nBHofi peajiii3an,HH iiHTepcjieHCHbix mctoaois ikmac, rue sto bo3moacho. K cuacTbio, 
B HCKOTOpblX CJiynaHX BMeCTO EIMI MOACHO odoHTHCb o6o6meHHbIMH IIHTepcjieHCaMH. 
Ho Bee paBHO ociaiOTca CHTyaiiini, Korna 6e3 EIMI He o6ohthcb (nanpiiMcp, npn pe- 
ajiH3an,HH /nsyx iiiiTqxjx'iiniiiix mctoaob c OAiiHaKOBbiMii HMeHaMH h curaaTypaMH). 
C hbhoh peajiH3an,HeH iime|x)x‘i ; icni.ix mctoaob CBH3aHbi HeKOTopbie cepbe3Hbie npo- 
o.ie.vi bi (,ia. : icc a paccKaacy o hiix noApo6Hee): 

□ OTcyTCTBi-ie AOKyMeHTauiiii, odbacHmomeii, KaK iimchho Tim peajni3yeT EIMI-mctoa, 
a TaKace OTcyTCTBHe IntelliSense-noAAepatKii b Microsoft Visual Studio; 

□ npn npiiBeAemiii k iiiiTeppjieikTPO.wy i pip py 3 K 3 CMnjiapbi 3 »i[a>iii.\iom THna ynaKOBbi- 
BaiOTca; 

□ EIMI Hejlb33 BbI3BaTb H3 npOH3BOAHOrO THna. 
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B omicami mx MeTOAOB THna b cnpaBOHHOii AOKy.vieinaii,nn .NET Framework moacho 
H aHTH ciic/tci i ii ‘a o hbhoh pcanriaanrnT MeTOAOB HHTepcjjeficoB, ho cnpaBKa no KOHKpeT- 
hmm TiinaM OTcyTCTByeT — AOCTynHa toabko o6maji HHiJiopMaiiHfl 06 HHTepcjieHCHbix 
MeTOAAx. HanpiiMep, o Time Int32 roBopiiTCn, hto oh peajni3yeT bcc mctoah iiHTepcjieHca 
IConvertible. H sto xopomo, noTOMy tio paapaooT'tn k 3HaeT, tio TaKiie mctoah cy- 
mecTByiOT; c Apyroii CTopoHbi, 3Ta iiiicjiopManiTH moacct co3AaTb npo6AeMbi, noTOMy hto 
B bi3BaTb MeTOA HHTepiJieHca IConvertible aah Int32 iiaiipii.viyio 11e.Tb.sH. I [aiipii.vicp, 
caie/iy ioi 11nii mctoa Heci<o.viiiii. ; iiipycTCM. 

public static void Main() { 

Int32 x = 5; 

Single s = x.ToSingle(null); // nonbiTKa BbBBaTb MeTOA 

// nHTeptfietica IConvertible 

} 

Ilpn komiiii.imhii n 3Toro Mcro/ia KOMmiAHTop C# BepHeT c.'ie/iyioinyio omn6Ky 
(omn6Ka CS0117: int He coAepacHT onpeAeAemra aah ToSingle): 

error CS0117: 'int' does not contain a definition for 'ToSingle' 

3to coo6meHiie 06 omn6Ke Aiimb 3anyTbiBaeT pa3pa6oT'iiii<a; b HeM yiBcpacAacTCii, 
hto b Time Int32 mctoa ToSingle He onpcAC.ien, xoth Ha caMOM actc sto HenpaBAa. 
x lTo6bi Bbi3BaTb mctoa ToSingle Tima Int32, CHanaAa ctcavct npimecTH ero k THny 

IConvertible: 

public static void Main() { 

Int32 x = 5; 

Single s = ((IConvertible) x).ToSingle(null); 

} 

Tpe6oBaHiie npiiBeACHim Tima asacko hc ohcbhaho, MHonie pa3pa6oTHHKii He MoryT 
CaMOCTOHTCAbHO AO 3T0T0 AOAyMaTbCH. Ho Ha 3T0M npo6ACMbI HC 3aKaHHHBaiOTCH — npil 
npiiBeAemiii 3HaHHMoro THna Int32 k iiHTepcjieHCHOMy THny IConvertible 3HaHiiMbiii 
THn yiiaKoiibiisacTCTi, tio npiiBOAHT k AiimHiiM 3aTpaTaM iia.vmTii h chhacchhio npoii3- 
BOAHTeAbHOCTH. 3 to BTopan cepbcanaM npo6AeMa. 

TpcTba h, HaBepHoe, ca.viaii cepi.eanaH npo6AeMa c EIMI coctoht b tom, tio his nan 
peaAH3an,im iiii'repcjiciuTiom MeTOAa He MoaceT isbi.si.iisaTbCM 113 npoii3BOAHoro KAacca. 
Bot npiiMep: 

internal class Base : IComparable { 

// flBHaa pea^M3aL|Mfi uHTept|)eiicHoro MeToaa (EIMI) 

Int32 IComparable.CompareTo(Object o) { 

Console.WriteLine("Base’s CompareTo"); 
return 0; 

} 

} 


internal sealed class Derived : Base, IComparable { 

// OTKpbiTbiii MeTOA, TaioKe hbuhkmimmch pea^nBaquen nHTepc|)eiica 
public Int32 CompareTo(Object o) { 


npodojiwemie & 
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Console.WriteLine("Derived’s CompareTo"); 

// 3Ta nonbiTKa BbBBaTb EIMI 6a30Boro K/iacca npuBOflMT k owu6Ke: 

// "error CS0117: 'Base' does not contain a definition for ’CompareTo'" 
base.CompareTo(o); 
return 0; 

} 

} 

B Merane CompareTo Tima Derived h nonbiTajicn Bbi3BaTb base .CompareTo, ho oto 
npiiBejio k omn6Ke Ko.vimijinTopa C#. I lpo6./K\Yia 3aK2H0HaeTCH b tom, tio b KJiacce Base 
HeT OTKpblTOTO HJIH 3amiimeHHOrO MCTO/l,a COmpeareTO, KOTOpblH OH MOT 6bl BbI3BaTb. 
EcTb MeTOA CompareTo, KOTopbiii moischo Bbi3BaTb tojh>ko nepe3 nepeMeHHyio Tima 
IComparable. H mot 6bi H3MemiTb mctoa, CompareTo KJiacca Derived cnenyromiiM 06- 
pa30M: 

// OTKpbiTbiu MeTOfl, KOTopbiii TaioKe aBaaeTca pea/iu3auneM MHTep^ePica 

public Int32 CompareTo(Object o) { 

Console.WriteLine("Derived’s CompareTo"); 

// 3Ta nonbiTKa Bbi30Ba EIMI 6a30Boro K/iacca npuBOflMT 
// k 6ecK0HeMH0ii peKypcun 
IComparable c = this; 
c.CompareTo(o); 

return 0; 

} 

B 3Toii Bepcim h npiiBoacy this k rany nepeMeHHoii c (rany IComparable), a 3a- 
TeM Hcnojib3yio c /yin Bbi30Ba CompareTo. O/piaifo OTKpbiTbra mctoa CompareTo KJiacca 
Derived HBjraeTCJi peajiH3aH,iieH MeTOna CompareTo imTepijieHca IComparable KJiacca 
Derived, i iodtom y B03HiiKaeT SecKoiie'iiiaa pcKvpcna. CHTyaiimo moischo HcnpaBiiTb, 
o6bHBHB Kjiacc Derived 6e3 iiHTep(|)eHca IComparable: 
internal sealed class Derived : Base /*, IComparable */ { ... } 

Tenepb npeubmyuiiiii mctoa CompareTo Bbi30BeT mctoa CompareTo KJiacca Base. 
O.liiaKo He Bcerna MoacHO npocTO yAajiHTb iiiiTcpijiciic 113 THna, nocKOJibKy npoii3BOfl- 
HblH THn /PO.T/KCII peajIH30BbIBaTb III ITCpijlCiiGH hi li MCTOA. JlyHIHHli CnOCo6 HCnpaBIITb 
CHTyaiimo — b xo11o.ilienne k misiio peajiii30BaHH0My iiirrcp())ciiciiOMy mctoav C03AaTb 
b 6a30B0M KJiacce BHpTyajibHbiii .mctoa, KOTopbiii ovact peajiii3oiibinaTbCAi anno. 3aTeM 
b KJiacce Derived moacho nepeonpe/iejiHTb BiipTyajibHbiii mctoa. Bot KaK iipamcibiio 
onpeAejiHTb KJiaccbi Base h Derived: 
internal class Base : IComparable { 

// flBHaa peaan3ai4ufl uHTepc|)eCicHoro MeToaa (EIMI) 

Int32 IComparable.CompareTo(Object o) { 

Console.WriteLine("Base’s IComparable CompareTo"); 
return CompareTo(o); // Tenepb 3/iecb BbBbiBaeTca BupTyaabHbiii MeTOA 
} 
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// BupTya/lbHblM MeTOfl fl/13 npOM3BOAHblX KAaCCOB 
// (3tot MeTOfl MO*eT nMeTb Aio6oe mmb) 
public virtual Int32 CompareTo(Object o) { 

Console.WriteLine("Base's virtual CompareTo"); 
return 0; 

} 

} 

internal sealed class Derived : Base, IComparable { 

// OTKpblTblkj MeTOfl, KOTOpblil T3K)Ke ABAfleTCfl peaA M3a L(Heki MHTepcjieMCa 
public override Int32 CompareTo(Object o) { 

Console.WriteLine("Derived’s CompareTo"); 

// Tenepb mowho Bbi3BaTb BwpTyanbHbiii MeTOA icnacca Base 
return base.CompareTo(o); 

} 


3aMeTbTe: a oiipc/ic, : in./i b np i’ya.i i>11iw ii mcto/i KaK OTKpbiTbift, ho b HeKOTopbix 
cviyianx jiytme CAeaaTb ero 3amraiieHHbiM. 3 to Bnoime bo3mo5kho, xoth h noTpe6yeT 

IlCOO.IblllllX H3MeHeHHH. 

Kax BiiqiiTe, k hbhoh pcajiH3anHH iiHTepcjieiicHbix mctoaob Hyamo npn6eraTb c octo- 
poacHOCTbio. Kor/ta paapaooT'iHKii BnepBbie y3Hajni o EIMI, MHonie hoc unarm sto 
otahhhoh HOBOCTbio h CTajin nbiTaTbCH BbinojiHHTb HBHyio peajni3aiiino IiHTepcjieiiCHblX 
mctoaob bc3;i,c, rqe to.mi.ko moacho. He nmia/uiiiTCCb Ha3Ty vAO'iKy! A miaa pcaniT3anii>T 
HHTepcjieHCHbIX MCTOAOB 110.IC3 [ [bl B 3 II III b HeKOTOpbIX CAyHaHX, HO ee CACAVCT H36eraTb 

Be3qe, rqe moacho o6oiiTiicb npyriiMH cpeqcTBaMH. 


AmieMMa pa3pa6oTHHKa: 6a3oebm 

K/iacc VMM MHTepCjjeMC? 

Mena a aero ci i]);ni i n iraioi, tio jiyniie isbionpaTb aah npoeKTiipoBaHini rniia — 6a30Bbifi 
Tim hjih niiTep<))eiic? Othct He Bcerqa otcbiiacii. Bot HecKOJibKO npaBiui, KOTopbie 
MoryT noMOHb BaM cqejiaTb Bbi6op. 

□ CBH3b noTOMKa c npenKOM. JIio6oh Tim moacct HaciieflOBaTb tojibko OAHy pea- 
.;in3ann 10 . I£c./i 11 npoii3BOAHbiii THn He moacct orpaHiiHiiBaTbca OTHOinemieM THna 
<<HBJIHeTCH HaCTHbIM CJI V'iaCMv C 6a30BbIM TlfflOM, II V/K'IIO 111) IIMOII S-l l lj IIHTepcjieHC, 
a He 6a30Bbiii Tin. KHTepcjiciic noApa3yMeBaeT OTHomemie «noAAepaciiBaeT cjiymc- 
HiionaAbiiocTb». Hanpimep, THn moacct npeo6pa30BbiBaTb 3K3eMnjmpbi caMoro 
ce6a b Apyrofi Tim (IConvertible), MoaceT co3AaTb Ha6op 3K3eMnjmpoB caMoro 
ccom (ISerializable) h t. a. 3aMeTbTe, hto aiia'in.vibic Timbi aojiachm iiacacAOiiaTb 
ot Tima System .ValueType h nosTOMy He MoryT HacaeAOBaTb ot npoii3BOJibHoro 
6a30Boro Kaacca. B stom cayiac HyacHO onpc/i,c./i!>iTb iiiiTcpcjieiic. 
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□ IIpocTOTa Hcnojib30Bamifl. Pa.3pa6oT'(ni<y npome onpepePHTb hobmh run, npoii3- 
BOpHblH OT 6a30B0r0, '(CM C03paTb I1l['rc|)())ciic. Ba30BbIH Tin MO/ICCT npeAOCTaBJIHTb 
Maccy (jjyHKUHH, h b npoii3BopHOM Time noTpedyeTca bhccth jranib He3HanHTepbHbie 
H3MeHeHim, hto6h H3MeHHTb ero noBepeHiie. IIpn C03paiiHH iiirreixjieiica b hobom 
Time npnpCTca peajiH30BbiBaTb Bee ajieiibi. 

□ HeTKaa pcajiiiaaiuiH. KaK 6bi xopomo hii 6bui poKy.viem uponaii KOHTpaKT, ispap 
jin oy/tCT peajiH30BaH aocojiiOTim KoppeKTHO. IIo cyTH, iipoo.ie.vibi COM cmai.iaiii f>i 
HM eHHO c 3 thm — bot noneMy HeKOTopwe COM-o6beKTbi HopMajibHO pa6oTaiOT 
TOJibKO c Microsoft Word hjih Microsoft Internet Explorer. Iiaaoiibiii ran c xopomeii 
pea./m.3aii,iieii ochobhhx ffjyHKnnn — npeKpacHaa ompaBHan Tomca, BaM ocTaiieTca 
H3MeHHTb JIIIIHb OTpePbHbie naCTH. 

□ YnpaBJieHHe BepcmiMH. Korpa bh podaieiacTC mctop k 6a30B0My Tuny, npoii3Bop- 
Hbiii Tim ilacjic/iycT CTaiipapiiiyio peajiH3an,mo 3Toro MCTOpa 6e3 bchkhx 3aTpaT. 
IIojib30BaTejibCKiiii Mcxo/pibiir kop paace He Hyaoio nepeKOMniunipoBaTb. /fo6aBJieHiie 
HOBoro '[.aena k iniTcpijicricy TpedyeT H3MeHeHim nojib30BaTejibCKoro HcxopHoro 
Kopa h ero ncp c ko m n n ji a n n n. 

B FCL KJiaccbi, ciia.iamibic c noTOKaMir pamibix, nocTpoeHbi no npiinnimy ilac.ie- 
poBaHira pea./i 11.3311,11 n. System. 10.Stream — sto aoc'ipaicnibiii 6a30Bbifi Knacc, npepo- 
CTaBjiniomiiii MHoacecTBO mctopob, b tom nucjie Read ii Write, /fpyrne KJiaccbi (System. 
10.FileStream,System.10.MemoryStream h System.Net.Sockets.NetworkStream) 
an.ialOTca npoii3BopHbiMii ot Stream. B Microsoft isi<[6pa./m TaKoii bh/i OTHomeHiiii 
Meacpy stiimh TpeMH KJiaccaMii m Stream no toh npiimme, hto TaK npome peajni30BbiBaTb 
KOHKpeTHbie KJiaccbi. TaK, npoii3BopHbie KJiaccbi poaacHbi caMocToirrejibHo peajni30BaTb 
TOJibKO onepamm CIIHXpOHHOrO BBOpa-BbIBOpa, a CnOCo6HOCTb BbinOJIHHTb aCIIHXpOHHbie 
onepan,Hii HacpepyeTca ot 6a30Boro Kjiacca Stream. 

Bo3mo5kho, bbioop iiac.iepobamia peajiH3an,HH p.ia KJiaccoB, paooTaiomnx c noTO- 
KaMii, He coBceM oneisnpeii: nepb 6a30Bbifi KJiacc Stream Ha caMOM pejie npepocTaBJiaeT 
jmmb orpaHiineHHyio roTOByio tjiyHKniiOHajibHOCTb. OpHaKO ecjni B3rjHmyTb Ha KJiaccbi 
ajieMeHTOB yiipais.iemia Windows Forms, rpe Button, CheckBox, ListBox h bcc nponne 
ajieMeHTbi ynpaBJiCHim nopoacpaiOTCH ot System. Windows. Forms. Control, jienco npep- 
CTaBHTb odbeM Kopa, peajiii30BaHHoro b Control; Becb stot kop npocTO HacpepyeTca 
KpaccaMii ajie.Yioinois ynpaBJieHHH, no.'iiio.iaa hm npaBiuibHO (jivmauiomipobaTb. 

Hto Kacacica KOJiJieKU,uu (collections), to hx cneniiajmcTbi Microsoft pea.iii.30isa.iii 
b FCL1!a ociiohc iimepijieiicoi!. B npocrpaHCTBe imeHSystem.Collections .Generic 
onpepepeHO HecKOJibKO inrrepcjieHCOB ppa padoTbi c K0ppeKn,iiHMii: IEnumerable<T>, 
ICollection<T>, IList<T> h IDictionarydKey, TValuex KpoMe toto, Microsoft 
iipcp.iaracT HecKOJibKO KOHKpeTHbix KpaccoB (tpkhx, KaK List<T>, DictionarycTKey, 
TValue>, Queue<T>, Stack<T> h np.), KOTopbie peapimyiOT KOMdiiHanini sthx HHTep- 
cjieHCOB. TaKoii nopxop 06'bacnaci ca TeM, tio pea.111.3a11,11a Bcex KpaccoB-KOPpeKunii 
cymecTBeHHO pa3PimaeTCH. IiHane roBopa, y List<T>, DictionarydKey, TValue> 
h Queued> iiaripCTca He TaK miioio oomem Kopa. 
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H Bee ace onepaiciiii, npe/yiaraeMbie BceMii sthmh icjiacca.viii, Bnojme coiviaconanbi. 
Hanpimep, Bee ohii no/wepaciiBaiOT no,a,MHoacecTBO ojicmciitois c B03MoacHOGTbio nepe- 
6 opa, Bee ohii iio3ho.imiot ;i,o 6 aii. ; iMTP) h y/cajuiTb oacavieinbi. Ecjih ecTb ccbuiKa Ha 06 b- 
eKT, Tiin KOToporo peajiii3yeT HHTepcjieHC IList<T>, mohcho HaniicaTb ico/p cnoco 6 Hbrii 
Ao 6 aBJIHTb, ya,ajIHTb H HCKaTb OJICMCIITIil, He 311331 KOHKpeTHblfi Tim KO. L ieK HIl ii. 3to 
OMCIII) MOIItHblH MexaHH3M. 

HaKOHeu,, HyacHO CKa3aTb, [ rro Ha caMOM aejic MoacHO onpc;i,c./iiiTb HHTepcjieHC u C03- 
AaTb 6a30Bbifi KJiacc, KOTopbifi pcajinaycT HHTepcjieHC. Hanpimep, b FCL oiipc/icjien 
HHTepcjieHC IComparercT>, h jiio6oh THn MoaceT peajni30BaTb stot HHTepcjieHC. KpoMe 
toto, FCL npefloCTaBjiaeT a6cTpaKTHbifi 6a30Bbifi KJiacc Comparer<T>, KOTopbifi pea- 
./i ii3vct 3tot HHTepcjieHC (a6cTpaKTHo) h npe/yiaraeT peaimaamno no y.vto.Tiamno 
Heo6o6meHHoro Mera/ca Compare iiHTepcjieHca IComparer. npimeHeHiie o6enxB03Moac- 
HOCTen /PICT 6ojibinyio rii6icocTb, noacojibicy pa.3pa6c)T , cnicn Tenepb MoryT Bbi6paTb 113 
/psyx BapnaHTOB Han6ojiee ripc/ciici'n h tcji bii bi ii. 
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Viasa 14. Chmboji bi, ctpoki/i 
ii o 6 pa 6 oTKa TeKCTa 


3Ta iviaisa iiociiaiueiia npneMaM o6pa6oTKii oa/H'./r[>[ ii>r x chmbojiob, a TaiOKC iie. : i pax ctpok 
b Microsoft .NET Framework. Biiaaa.ie paccMaTpiiBaiOTCH CTpyKTypa System.Char 
h cnoco6bi pa6oTbi c ciiMBOJiaMii. I Iotom mm nepcii/pcM k BecbMa nojie3HOMy KJiaccy 
System. String, iipe/uiaoiia'ieimo.vfy jxjih pa6oTbi c Heii3MeHHeMbiMH CTpoKaMH (TaKyio 
CTpoKy MoacHO co.a/paTh, ho He H3MeHHTb). 3aTeM paccKa3biBaeTca o /[mia.vin'iecKOM 
nocTpoeHiiii CTpoK c noMombio KJiacca System.Text.StringBuilder. Pa3o6|)amimci> 
C OCHOBaMH pa6oTbI CO CTpOKaMH, MbI OOCy/PU.VI BOnpOCbl (JpOpMaTIipOBaHHH o6beKTOB 
B CTpOKH H OCjxjieKTHBHOrO COX|)ailCim M H nepe/paHH CTpOK B pa3JIHHHbIX KO/pupOBKaX. 
B KOHije rjiaBbi paccKa3biBaeTCH o Kjiacce System.Security.SecureString, KOTopbiii 
MOJKCT HCn0JIb30BaTbCH J(J\A 3aiHH'[Fj[ KOI i (jiu/pci I nna. : i l.lll.l X CTpOK .UlimblX, TaKHX KaK 
napojni h HOMepa Kpe/iHTHbix Kapr. 


CMMBOJlbl 

Chmbojim b .NET FrameworkBcer/p,a npe/iCTaBjieHbi 16-pa.3pa/i,iii>iMii ico/paviu CTan/papTa 
KDhhko/i, hto odaei'pacT pa3pa6oTKy MHoron3biKOBbix npruioaceHini. Chmboji iipe/p- 
CTaBJiaeTCH aicscMii.iapoM CTpyKTypbi System. Char (anamiMbiH Tun). Tun System. Char 
/p,OBOJibHO npocT, y Hero jiumb /p,Ba otkpmtmx HeH3MeHneMbix nojm: KOHCTaHTa MinValue, 
oiipc/pcvieimaa KaK 1 \0", h KOHCTaHTa MaxValue, oiipe/pcjieimaa KaK 1 \uffff 1 . 

/[.i a ; ; )K3CMii. : iM|)a Char mopscho Bbi3biBaTb cia'i ii'pecKiiii mcto/p, GetUnicodeCategory, 
KOTopbiii B03Bpanp,aeT 3HaHeHiie nepeHHCJiHMoro Tima System. Globalization . 
UnicodeCategory, noKa3biBaiomee KaTeropino ciiMBOJia: ynpaBJunomiiii chmboji, chmboji 
BajiiOTbi, 6yKBa b iiip/Kiicm iijiii BepxHeMpeniCTpe, 3hbk iipeimiiainiM, MaTeMaTiraecKiiii 
CHMBOJI H T. JX. (b COOTBeTCTBHII CO <"1311/l.apTOM 10 lilt ICO/p). 

/fjiH ODJiei'aciiiia pa6oTbi c ninoM Char hmcctcm HecKOJibKO CTaTiraecKiix mcto/pois, 
Hanpimep: IsDigit, IsLetter, IsWhiteSpace, IsUpper, IsLower, IsPunctuation, Is- 
LetterOrDigit, IsControl, IsNumber, IsSeparator, IsSurrogate,IsLowSurrogate, 
IsHighSurrogate h IsSymbol. EojibiniiHCTBO othx mctoaob o6panp,aeTCH 
k GetUnicodeCategory h B03BpamaeT true hjih false. B napaMeTpax othx mctoaob 
i icpc/pac'ica jih6o oahhohhmh chmboji, jih6o :) pcjcmip./p h pp String h ppii/ickc ciiMBOJia 

B CTpOKC. 

KpoMe Toro, CTaTimecKiie Mera/pbi ToLowerlnvariant h ToUpperlnvariant no- 
3B0JIHI0T npeo6pa30BaTb chmboji b ero DKmiiia/icm b iiii'/K'iicm hjih BepxHeM peniCTpe 
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6c3 yicxa peniOHajibHbix cxaiiAapxoii. /[jim iipcoopaaobamia CHMBOJia c v'ictom penio- 
HaubHbix CTan/ypTOii (culture), othocmiuiixch k Bbi3biBaiomeMy noTOKy (.-mi cbCAemiM 
MeTOAbi nojiyuaiOT, 3anpamiiBaH cxaTiriecKoe cbohctbo CurrentCulture rana System. 
Globalization. Culturelnfo), CAyacaT mctoam ToLowen h ToUpper. UTo6bi 3a/i,aTb 
KOHKpeTHbiii Ha6op peniOHajibHbix cxaiiAapxob, nepcAainc sthm mcto/uim 3K3e.vm.Tnp 
KJiacca Culturelnfo. /lamibie o peinoiia.ibiibix craiiAaprax neooxo/uiMbi mcxoaam 
ToLower h ToUpper, nocKOJibKy ot hiix aaiuicux pe3yjibTaT orrcpauuu iia.vieiiemiM pe- 
oiCTpa 6yKBbi. I [anpii.viep, b xypcuicoM nabiice chmboa U+0069 (jiaTiiHCKaa cxpo'inaxi 
6yKBa i) npn nepero/a 1 b BepxHiiH peniCTp c raiiomi ica chmboaom U+0130 (./laTiuicKaa 
nporaiCHaH 6yKBa I c iia/yapo'iimn tohkoh), toi/pi KaK b Apynix H3biKax — oxo chmboji 
U+0049 (jiaTHHCKaa nponiiCHaa 6yKBa I). 

ITomiimo nepeuncjieHHbix CTaTHuecKiix mcxoaob, y r nrla Char ecTb xaioicc HecKOJib- 
ko co6cTBeHHbix aic.3C‘M 1 1 ,i xi ]) n i>i x MCxo/[,ob. Mctoa Equals B03BpamaeT true, ecjiii ana 
3K3eMnjuipa Char npcacxab. iHiox oah 1 1 h tot ace 1G-paapa/uibiii chmboji lOiuiKoaa. Me¬ 
TOA CompareTo (onpeAeAeHHbiii b iiHTepcjieHcax IComparable h IComparable<Char>) 
cpaBHiiBaeT ABa koaobhx anaxemiM 6e3 yiexa peniOHajibHbix CTaHAapTOB. MeTOA Con- 
vertFromUtf32 co3AaeT CTpoKy, cocxomiiiv 10 H3 oahoto hah AByx chmboaob UTF-16, 
Aah OAHoro ciiMBOAa UTF-32. MeTOA ConvertToUtf32 co3AaeT chmboa UTF-32 aah 
cypporaTHOii napbi hah ctpokh. MeTOA ToString B03BpamaeT CTpoKy, cocToamyio 113 
OAHoro CHMBOAa, TorAa KaK Parse h TryParse nojiy laioi OAHOCiiMBOAbHyio CTpoKy 
String 11 B03Bpamai0T cooTBeTCTByiomyio KOAOByio no3imino UTF-16. 

FlaKOHen,, mcxoa GetNumericValue B03BpaiuaeT hhcaoboh 3KBiiBaAeHT CHMBOAa. 
3to moacho npoAeMOHCTpupoBaTb Ha CAeAyiomeM npimepe: 
using System; 


public static class Program { 
public static void Main() { 

Double d; 

d = Char.GetNumericValue("\u0033’); 
Console.WriteLine(d.ToString()); 


// ’\u0033' - 3T0 "puctipa 3" 
// napaMeTp '3' 

// aacT tot *e pe3y/ibTaT 
// BblBOflMTCa "3" 


// '\u00bc' - 3 to "npocTafl Apo6b oAHa neTBepTaa ('1/4')" 
d = Char.GetNumericValue('\u00bc'); 

Console.WriteLine(d.ToString()); // Bnboamtcb "0.25" 

// 'A' - 3to "/laTMHCKas nponucHas 6yKBa A" 
d = Char.GetNumericValue('A'); 

Console.WriteLine(d.ToString()); // Bnboamtcb "-1" 

} 

} 

A Tenepb npeACTaBAio b nopnAKe npeAnouTeHira Tpn cnoco6a npeo6pa30BaHHH pa3- 
AiiuHbix uiiCAOBbix THnoB b 3K.3C.viii. i m|) i,i THna Char, ii Hao6opoT. 

□ IIpHBeAeHHe THna. CaMbiii oijxjieKxiimibiii cnoco6, TaK KaK KOMniiAHTop reHepiipyeT 
IL-KOMaHAbi npeo6pa30BaHiiH 6e3 BM30B0B KaKiix-Aii6o MeTOAOB. /(ah npeo6pa30- 
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BaHim THna Char b 'iiic./ioisoc oiiaueiiiic, TaKoe KaK Int32, rip nrsc/ic line no/ixo/titr 
.ayime Bcero. KpoMe Toro, b HeKOTopbix a;sbii<ax (Hanpimep, b C#) AonycKaeTCH 
yKa3biBaTb, KaKofi koaaoaacchH cnoAb30BaTbcnnpn immo/iemui n iipcoopaaobamia: 
npoBepaeMbifi hah HenpoBepaeMbifi (cm. raaBy 5). 

□ Hcnojib30BaHne rana Convert, y Tima System. Convert ecTb HecKOJibKO CTa- 
THnecKHx mc to/ to b, KoppeKTHO npeo6pa3yiomiix Char b hhcaobo h ran h o6paT- 
ho. Bee 3th mcto/iP)I B 1,111o. i 11a iot npeo6pa30BaHiie KaK npoBepneMyio onepan,ino, 
HTo6bi b c/iyiae noTepn /uimibix npn npeo6pa30BaHiin B03HiiKa/io itckatohctthc 

OverflowException. 

□ Hcnojib30BaHne HHTeptJjeiica IConvertible. B Time Char h bo Bcex hiicjiobmx 
Tirnax 6h6ahotckh .NET Framework Class Library (FCL) peajni30BaH um epijieiic 
IConvertible, b kotopom onpcAeACHbiTamie mctoam, KaK ToUIntl6 h ToChar. 3tot 
cnoco6 iran.viciice ::><})<))Ckt ii ijo ii, TaK KaK bm30b iiiiTep())ei ; icm,ix mctoaois a a a i iiic./io- 
Bbix TimoB npiiBOAHT k ynaKOBKe oiCKsviii/mpa: Char ii bcc micjiOBbic ranra hbaaiotca 
.inamiMbiMH TimaMii. M cto/i, 1,1 IConvertible reHepiipyiOT hckaiohchhc System. 
InvalidCastException, eejm npeo6pa30Bamie hcbo3moacho (Hanpimep, npeo6pa30- 
Bamie rana Char b Boolean) hjih rpo3HT noTepeii ,i,aiiiibix. Bo mhooix THnax (b tom 
HHCJie Char h hhcaobmx THnax FCL) ruaio.ib.ayiOTCH EIMI-peajni3an,HH mctoaois 
IConvertible (cm. raaBy 13), a 3HanHT, ncpc/i, bm30bom i/ai/om-. inoo MCTO/ta orom 
HHTepcjieHca HyacHO BbinoamiTb nBHoe npiiBeACHiie 3K3eMnaapa k IConvertible. 
Bee mcto/i, i,i IConvertible 3a hck.iio'iciiiio.yi GetTypeCode npimiiMaiOT ccbi. ii/y 
Ha obbeKT, peajni3yiomHH iiHTepcjieHC IFormatProvider. 3tot napaMeTp noae3eH, 
i/or/i,a no Kaiaiii-.Miioo npinmiic npn npeo6pa30BaHHH ipebycTcn yiriTbiisaTi, perno- 
iia.ibiibie CTaii/tapTi,i. B 6o. ; ibiiiiiiicTise oiiepamiii iipeoopa/soisamia b otom napaMeTpe 
ncpc/tacTca null, noTOMy aro oh bcc paBHO iiraopupyeTcn. 

npHMeHeHiie Bcex Tpex cnocooois npoAeMOHCTpnpoBaHO b cacavioiiicm npimepe: 

using System; 

public static class Program { 
public static void Main() { 

Char c; 

Int32 n; 

// npeo6pa30BaHne "aneno - cumbo/i" nocpeflCTBOM npHBeaemifl TnnoB C# 
c = (Char) 65; 

Console.WriteLine(c); // BbiBOflnTca "A" 
n = (Int32) c; 

Console.WriteLine(n); // BbiBOflnTca "65" 

c = unchecked((Char) (65536 + 65)); 

Console.WriteLine(c); // BbiBOflnTca "A" 


// npeo6pa30BaHne "anc.no - CHMBon" c nOMOmbK) Tuna Convert 
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c = Convert.ToChar(65); 

Console.WriteLine(c); // BbiBOflKTca "A" 

n = Convert.ToInt32(c); 

Console.WriteLine(n); // BbiBOflKTCa "65" 

// fleMOHCTpanun npoBepicn anana30Ha p,nn Convert 
try { 

c = Convert.ToChar(70000); // C/ihlikom mhoto flnn 16 pa3paflOB 
Console.WriteLine(c); // 3 tot bn30b Bbino/iHBTbca HE 6yaeT 

} 

catch (OverflowException) { 

Console.WriteLine("Can't convert 70000 to a Char."); 

} 

// npeo6pa30BaHne "muc/io - cumbo/i" c noMombio nHTepc|)eMca IConvertible 
c = ((IConvertible) 65) .ToChar(null); 

Console.WriteLine(c); // BbiBOflKTca "A" 

n = ((IConvertible) c).ToInt32(null); 

Console.WriteLine(n); // BbiBOflKTCa "65" 

} 


Tun System.String 

(Mini H3 caMbix nojie3Hbix THnoB, ncipc'iaiomnxcM b jiio6om iipnjio>KCinrrr — System. 
String, — npe/tCTaBjiaeT HeH3MeHaeMbiH ynopH/to^eHHbiii Ha6op chmbojiob. Bynynn 
npHMbIM nOTOMKOM Object, OH HBJIHeTCH CCbUIOHHbIM THnOM, no 3T0ii npHHHHe CTpo- 
kh Bcer/ta paaMcmaiOTCH b Kyie h miicor/pi — b CTeKe noTOKa. Tun String peajiH3yeT 
TaKace HecicojibKO iiHTepcjteHCOB (IComparable/IComparable<String>, ICloneable, 
IConvertible, IEnumerable/IEnumerable<Char> hIE quatable<String>). 

C03flaHHe CTPOK 

Bo MHonix H3biKax ( mc. no'iaa C#) String othochtch k npiiMiriiimibiM THnaM, to ecTb 
KOMraiJWTop pa3pemaeT BCTaBJiHTb jurrepajibHbie CTpoKii Henocpe/tCTBeHHO b ncxo/tHbiii 
koa. KoMnujiHTop noMemaeT 3th jiHTepaubHbie CTpoKii b MeTa/taHHbie Mo/tyim, OTicy/ta 
OHii 3arpyacaiOTCJi h iicnojib3yiOTCfl bo is pc mm BbinojmeHiiH. 

B C# onepaTop new He mo>kct Hcnojib 30 BaTbCH /iya coa/pu ina oobeicmis String 113 
JIHTepajIbHbIX CTpOK! 

using System; 

public static class Program { 
public static void Main() { 

npodojincenue & 
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String s = new StringC’Hi there."); // Own6Ka 
Console.WriteLine(s); 

} 


Bmccto 3Toro hciio. ii,3vc'icm 6ojiee npocToii CHHTaKCuc: 
using System; 

public static class Program { 
public static void Main() { 

String s = "Hi there."; 

Console.WriteLine(s); 

} 

} 


Pe3yiibTaT komtphjthuhh stoto Kona moscho nocMOTpeTb c noMOin,bio yTiuiiiTbi 
ILDasm.exe: 

.method public hidebysig static void Main() cil managed 

{ 

.entrypoint 

// Code size 13 (0xd) 

.maxstack 1 

.locals init (string V_@) 

IL_0000: ldstr "Hi there." 

IL_0005: stloc.0 
IL_0006: ldloc.0 

IL_0007: call void [mscorlibJSystem.Console::WriteLine(string) 

IL_00@c: ret 

} // end of method Program::Main 

3a C03/uui hc HOBoro 3K3eMnjiapa o6beKTa OTi:ciacT IL-KOMaHna newobj. O/piaico 
3/H‘C b 3T0H KOMaHflbl HCT. B.MCCTO Hee Bbl ISH/IHTC CIICMI.I10.T I.IIVK) 1L-KOMaHny ldstr 
(3arpy3Ka CTpoKii), KOTopaa C03/i,acT o6beKT String Ha ocHOBe JiHTepajibHOH ctpokii, 
iiojiyfcimoii H3 MCTa/i,aiiiibix. Orcio/ta cjienyeT, hto o6t.ckti.i String b CLR coa/uuoTCfi 
no cneu,iiajibHOH cxeMe. 

14ci i o.i bay a He6e3onacHbiii koh, moscho C03naTb o6t.ckt String c iiomoiiu.io Char* 
h SByte*. J\jw 3Toro ccic/iycT iipii.Ytemni. onepaTop new h Bbi3BaTb 0,1,1111 H3 KOHCTpyK- 
TopoB rana String, nojiynaiomiix napaMeipbi Char* h SByte*. 3th KOHCTpyKTopbi 
C03nai0T o6beKT String h 3anojmaiOT ero CTpoKoii, cocToameH H3 yKa3aHHoro MacciiBa 
3K3eMnjiapoB Char 11.111 oaiirois co 3HaK0M. y npyrax KOHCTpyKTopoB hot napaMeTpoB- 
yKa3aTejieH, hx moscho Bbi3BaTb H3.11060m 33.1.1101, coa/uiiomero ynpaBjiaeMbiH ko/i,. 

B C# HMeeTCH cneiiHajibHbrii cuHTaKcuc .yia bK. iio'ieiiiia jiHTepajibHbix CTpoK b hc- 

XOflHblH KOH. /I../OI BCTaBKII ClICI 1,113.1 l.lll.lX CHMBOJIOB, T3KHX KaK KOIICH CTpOKII, B03Bp3T 

KapeTKH, 3a6oH, b C# iiciio. ii.3viotcm yiipaii. iMioimic i iocjic/i,() na'tcoi i.iiociii, 3HaK0Mbie 
pa3pa6oTHHKaM Ha C/C++: 

// String coflepxMT oiMBO/ibi KOHua ctpokm w nepeBOfla KapeTKM 
String s = "Hi\r\nthere."; 
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BHMMAHME 

3aAaBaTb b KOAe noc/ieAOBaTe/ibHOCTb cumbotiob KOHpa ctpokh n nepeBOAa Kapenrn 
HanpsMyK), KaK 3to CAe/iaHO b npeACTaBneHHOM npwviepe, He peKOMeHAyeTcn. y Tuna 
System.Environment onpeAeneHO Hen3MeHneivioe cbomctbo NewLine, KOTopoe npn Bbi- 
nonHeHMH npn/ioxeHnn b Windows B03Bpam,aeT CTpoKy, cocToniAyKt 1/13 sthx chmbo/iob. 
Oahsko cbomctbo NewLine 3aBncnT ot n/iaTct>opMbi n B03BpaiAaeT Ty CTpoKy, KOTopan 
o6ecneHHBaeTC03AaHne pa3pbiBa ctpok Ha KOHKpeTHon n/iaTc)>opMe. CKaxeM, npn nepe- 
Hoce CLI b UNIX cbomctbo NewLine ao/ixho B03BpaiAaTb CTpoKy, cocTOHLuyio TonbKO n3 
cnMBona «\n». Hiodbi npHBeAeHHbin koa pa6oian Ha mo6on nnaicJjopMe, nepenmiiHTe 
ero c/ieAyiOLAHM o6pa30M: 

String s = "Hi" + Environment.NewLine + "there."; 


t lTo6bI o6'beAIIHIITb HeCKOJIbKO CTpOK B O^Hy CTpOKy, HCnOJIb3yiITe onepaTop + 

H3biKa C#: 

// KoHKaTeHaLinH Tpex nnTepa/ibHbix ctpok o6pa3yeT oflHy zinTepa/ibHyio CTpoxy 
String s = "Hi" + " " + "there."; 

IIoCKOJIbKy BCe CTpOKII B 3TOM KO/|C JIIITepaJIbHbie, KOMraiJIHTOp HblllO./IIIHC'l' HX KOHKa- 
T(Ti;uniK) Ha arane komhujihiliiii, b pe3yjiBraTe b .vicTa/iaimbix MO/tyjiH oicaabiisacTCH juium 
CTpoKa "Hi there .". K 01 iKaTenan .11 a HejiHTepajibHbix ctpok c noMombio oneparapa + 
iipoiicxo/iHT Ha 3Tane isi.ino. ineniia. /[./in Koinca'iciiaimii HecKOJibKirx ctpok Ha .'nane bbi- 
nojiHeHHH onepaTop + npHMeHHTb HeacenaTejibHO, Tax KaK oh coa/iaer b kvmc hcckojibko 
CTpoKOBbix o6beKTOB. Bmccto Hero peKo.vien/iycTCH ncnojib30BaTb Tun System.Text. 
StringBuilder (o HeM paccKa3aH0 /laoec). 

H naiconeii, b C# ecTb oco 6 biii isapriaiiT o6i,ti n./ieii nai ctpokii, b KOTopoii bcc ciimbojim 
MOK/ iy KaiibniKa.viii Tpaicryiorcii KaK nacTb ctpokii. 3th cneu,najibHbie o 6 bHBneHira — 
6yK8ajibHue cmpoKU (verbatim strings) — obbinHO ncnojib3yiOT npn 3a/i,aHHH nyTH 
k (Jtaiijiy hjih KaTanory h ii p 11 paboTe c peryjiapHbiMii BbipaxceHimMii. C./ic/iy ioiilitit 
npuMep noKa3biBaeT, KaK 06 'baiim b 0 / 1,1 iv h Ty >kc CTpoKy c Hcnojib30BaHiieM npn3HaKa 
6 yKBajibHbix CTpoK (§) h 6e3 Hero: 

// 3aflaHne nyTM k npn/iOKeHwo 

String file = "C:\\Windows\\System32\\Notepad.exe"; 

// 3aflaHne nyTM k npnnOKeHmo c noMombio 6yKBanbH0ii CTpoxn 
String file = @"C:\Windows\System32\Notepad.exe"; 

06a (jiparMema KO/ta /laior o/iiinaKoiibin pe3yjibraT. O.inaKO chmboji @ nepe/i, CTpo- 
Koii bo BTopoM c.ay'iac cooo 1 1iacr ico.vt 1 1n./niTopy, [ no nepc/i hum byKBajibHaa CTpoKa 
h oh ;io.T>i<en paccMaTpimaTb chmboji oopa'i non Kocoii nepTbi (\) 6yKBajibH0, a He KaK 
nper)) n kc ynpaBJUHomeii noc/ie/tOBaTejibHOGTH, bjiaro/tapn mcmv nyTb b iro/ie iibiivm/iirr 
6ojiee iipinibi'ino. 

Tenepb, no3HaKOMHBmiicb c r))op,\iri|)oi!aime.\i ctpok, paccMOTpiiM onepan,ini, bh- 
iio.Time.Mbie iia/i oo'beirra.viii Tima String. 
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Hen3MeHqeMbie ctpokm 

CaMoe BaacHoe, hto Hyaoio noMHiiTb 06 o6beKTe String — to, hto oh Heii3MeHHeM; to ecTb 
coaflaiiiiyio onHaacflbi CTpoKy iiejib3H cnejiaTb hjiiiiiiicc hjih Kopone, b Heii iiejib3H 113- 
MeHiiTb hi i o/i,iiom ciiMBOjia. Heii3MeHH0CTb CTpoK nacr oiipc/i,c. : icniii)i(‘ npeiiMymecTBa. 
/(jih na-iajia MoacHO BbinojiHHTb onepannii iian CTpoKaMii, He ii3.vieiiaa hx: 

if (s.ToUpperlnvariantQ .Substring(10, 21).EndsWith("EXE")) { 

} 

3/iecb ToUppenlnvaniant B03Bpam,aeT HOByio CTpoKy; ciiMBO/ibi b CTpoKe s He 
H3MeHHiOTCH. Substring o6pa6aTbmaeT CTpoKy, B03BpameHHyio ToUpperlnvariant, 
h Toace B03Bpaiu,aeT HOByio CTpoKy, KOTopan 3aTeM nepenaeTCH MeTony EndsWith. 
B nporpaMMHOM KOfle npiuioaceHiin iict ccbuioK Ha nee BpeMeHHbie CTpoKii, co3flaHHbie 
ToUpperlnvariant h Substring, noaTOMy 3aHHTan hmh naMHTb ocbo6ohhtch npn 
o'lepe/uioii y6opKe Mycopa. Ecjih isihiio. iii aicacai mhoto onepanuii co CTpoKaMii, b icvhc 
C03naeTCH mhoto o6beKTOB String — sto aacTanjiHCT name npn6eraTb k noMomu y6op- 
miiKa Mycopa, tio o'lpiina'ie/ipaio ci<a;si>iiiacTCH Ha npoii3BOHHTejibHOCTH ii|)ii. ; ioaceiiiia. 

Bjiaronapn Heii3MeHH0CTH ctpok omanaeT npo6jieMa CHHxpoHH3aii,HH noTOKOB npn 
pa6oTe co CTpoKaMii. KpoMe toto, b CLR HecKOJibKO ccbuioK String MoryT yKa3biBaTb 
Ha OflHH, a He Ha HeCKOJIbKO pa3HbIX CTpOKOBbIX o6beKTOB, eCJIH CTpOKII Pl/tei P I PI ' I I [ l>l. 
A 3HaHHT, MOaCHO COKpaTHTb KO./lll'PCC'l liO CTpOK B CHCTeMe H yMeHblHIITb paCXOfl 11<1M >P- 
th — 3to iimchho to, hto HenocpencTBCHHO othochtch k UHmepHupoeaHwo cmpou (string 
interning), o kotopom penb noiineT najibine. 

no coo6paaceHiiHM npoH3BOflHTejibHOCTH ran String tccho iiHTerpupoBaH c CLR. 
B nacraocTH, CLR «3HaeT» tohhoc pacno/ioaceHiie iio/ieii b stom THne h o6pamaeTCH 
k hhm HanpiiMyio. 3a noBbiineHiie pi ])0 pt;iiio/lpi pc'jpp>ipocp pi h iipa.Yioii nocTynnpuxonHTCH 
naaniTb He6ojibinyio neHy: Kjiacc String HBJiHeTCH 3anenaTaHHbiM. HHane, iimch B03Moac- 
HOCTb onncaTb co6cTBeHHbrii Tim, npoH3BOHHbiii ot String, MoacHO 6buio 6bi no6aBJiHTb 
cboh nojin, npoTHBopenamne CTpyKType String h HapymaiomHe pa6oTy CLR. KpoMe 
toto, Banin /te iiciis pi a motjih 6bi HapyuniTb npennonoaceHHH CLR 06 oitm/ktc String, 
KOTOpbie BbITeKaiOT H3 erO HeH3MeHH0CTH. 


CpaBHeHne ctpok 

CpaBHeHiie — noacajiyii, Han6ojiee nacTO BbinojiHHCMaH co crpoicaMH onepaniiH. EcTb nse 
npHHIIHbl, no KOTOpbIM P l|) PIX0/E11'P CS-I CpaBHIIBaTb CTpOKII. MbI cpaBHHBaeM /use CTpOKII 
hjih BbiHCHeHiiH, paBHbi jih OHii, ii hjih copTiipoBKii (npeHcne Bcero, hjih iipcncTan./iemiM 
hx nojib30BaTejno nporpaMMbi). 

/(jih npOBepKII paBCHCTBa CTpOK II HJIH IIX CpaBHeHIIH npii COpTIipOBKe H HaCTOHTejIbHO 
peKOMeHHyio ncnojib30BaTb ohhh 113 p p c p c>i pi cj i c i p i p p> i x najiee mctohob, peajiii30BaHHbix 
b KJiacce String: 

Boolean Equals(String value, StringComparison comparisonType) 

static Boolean Equals(String a. String b, StringComparison comparisonType) 
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static Int32 Compare(String strA, String strB, 

StringComparison comparisonType) 
static Int32 Compare(string strA, string strB, 

Boolean ignoreCase, Culturelnfo culture) 
static Int32 Compare(String strA, String strB, 

Culturelnfo culture, CompareOptions options) 

static Int32 Compare(String strA, Int32 indexA, String strB, Int32 indexB, 

Int32 length, StringComparison comparisonType) 
static Int32 Compare(String strA, Int32 indexA, String strB, Int32 indexB, 

Int32 length, Culturelnfo culture, CompareOptions options) 
static Int32 Compare(String strA, Int32 indexA, String strB, Int32 indexB, 

Int32 length. Boolean ignoreCase, Culturelnfo culture) 

Boolean StartsWith(String value, StringComparison comparisonType) 

Boolean StartsWith(String value. 

Boolean ignoreCase, Culturelnfo culture) 

Boolean EndsWith(String value, StringComparison comparisonType) 

Boolean EndsWith(String value. Boolean ignoreCase, Culturelnfo culture) 

ITpi-i copTirpoBKe Bcerna iiV/Kiio yimbinaTb peoiCTp chmbojiob. /[cjio b tom, hto use 
CTpoKii, OT.Tii'iaiomnccM jinnib pemcTpoM chmbojiob, ovavt cimaThai oamiaKom,i.\iii 
h nooTOMy npn Kaacnoii copTiipoBKe ohii MoryT ynopHAomiBaTbca b npoH3BOJibHOM 
nopanKe, tio mojicct npiiBOUHTb no.TnaonaTe.TM b 3aMeniaTejibCTBO. 

B apry.viem e comparisonType (oh ecTb b 6ojibmiiHCTBe iicpcmcjicmibix mctoaob) 
nepenaeTCH oaho 113 3Ha*ieHHH, onpeACJieHHbix b nepemiCAHMOM Time StringComparison, 
KOTopbiii onpeAejieH cjieAyromiiM o6pa30M: 

public enum StringComparison { 

CurrentCulture = 0, 

CurrentCulturelgnoreCase = 1, 

InvariantCulture = 2, 

InvariantCulturelgnoreCase = 3, 

Ordinal = 4, 

OrdinallgnoreCase = 5 

} 

ApryMeHT options HBJuieTCJi oahhm h3 aiia'iemiii, onpcACJiemibix nepemicjniMbiM 
THnoMCompareOptions: 

[Flags] 

public enum CompareOptions { 

None = 0, 

IgnoreCase = 1, 

IgnoreNonSpace = 2, 

IgnoreSymbols = 4, 

IgnoreKanaType = 8, 

IgnoreWidth = 0x00000010, 

Ordinal = 0x40000000, 

OrdinallgnoreCase = 0x10000000, 

StringSort = 0x20000000 

} 
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Mcto/ih, pa6oTaiomHe c apryMeHTOM CompareOptions, TaKace no/mepaaiBaiOT HBHyio 
i[cpc/ui'ty HH(J)opMau;HH o M.abi kc h pemoHajibHbix CTaii;i,apTax. Ecjih ycTaHOBJieH cj)jiar 
Ordinal hjih OrdinallgnoreCase, Toraa mctoam Compare iiraopiipyiOT onpeAejieHHbrii 
H3biK h peniOHajibHbie CTaHaapTbi. 

Bo MHori-ix nporpaMMax ctpokh iiciio./ibayiOTCM /uts-i pcinenriH BHyTpeHHHx aa/tan: 
npe/i,CTaBJieHiia ii.vien nyTeir h (fiaii.aon, URL-aApecoB, napaivreTpoB h pa3AejiOB peecTpa, 
nepeMeHHbix OKpyaceHiia, OTpaaceHim, XML-TeroB, XML-aTpn6yTOB h t. n. L [ aero Ta- 
KHe CTpOKH BOo6me He BbIBOAHTCH, a IICIIO. Ib.ayiOTCH TOJIbKO BHyTpH npOrpaMMbl. j\j\A 
cpaBHemia BHyTpeHHiix ctpok ctcavct iscer/i.a Hcnojib30BaTb cjuiar StringComparison. 
Ordinal hjih StringComparison .OrdinallgnoreCase. 3to caMbiii 6biCTpbiii cnoco6 
CpaBHCHHH, TaK KaK OH lll'IIOpiipyCT JIHHrBHCTHHeCKIie OCo6eHHOCTH H peniOHajibHbie 
CTan/uipibi. 

C apyroii CTopoHbi, ecjni Tpe6yeTca KoppeKTHO cpaBHHTb ctpokh c to'iioi .apcHHii 
JHIHrBHCTHHeCKHX OCo6eHHOCTeH (o6)blMHO nepeA BbIBOAOM HX Ha 3KpaH AAfl nOJIb- 

30BaTejia), CJieAyeT Hcnojib30BaTb cjrjiar StringComparison. CurrentCulture hjih 
StringComparison.CurrentCulturelgnoreCase. 

BHMMAHME 

OSbiHHO cneAyeT n36eraib ncnonb30BaHnn (pnaroB StringComparison.InvariantCulture 
n StringComparison.InvariantCulturelgnoreCase. Xoto 3th 3 HaneHnn n no3BonaiOT Bbi- 
no/iHHTbnnHrBncTHHecKn KoppeKTHoe cpaBHeHne, npnMeHeHne nx Ana cpaBHeHna ctpok 
b nporpaMMe 3aHHMaeT 6onbine BpeMeHn, HeM c cJanaroM StringComparison.Ordinal 
nnn StringComparison.OrdinallgnoreCase. KpoMe Toro, nrHopnpoBanne pernoHanbHbix 
CTaHAapTOB — coBceM HeyAanHbin Bbi6op Ann copinpoBKn ctpok, KOTopwe nnaHnpyeTca 
noKa3biBaTb nonb30BaTenio. 


BHMMAHME 

Ecnn Bbi xoTnTe n3MeHHTb perncTp CHMBonoB ctpokh nepeA BbinonHeHHeM npocToro 
cpaBHeHHa, cneAyeT ncnonb30BaTb npeAOCTaBnneMbiH String MeTOA ToUpperlnvariant 
nnn ToLowerlnvariant. npn HopMann3au,nn ctpok HacToaTenbHO peKOMeHAyeTca nc- 
nonb30BaTb MeTOA ToUpperlnvariant, a He ToLowerlnvariant H3-3a Toro, hto b Microsoft 
cpaBHeHne ctpok b BepxHeM perncTpe onTnMn3npoBaHO. Ha caMOM Aene, b FCL nepeA 
He 3aBncaiAnM ot perncTpa cpaBHeHneM ctpokh HopMann3yiOT nyTeM npnBeAeHna nx 
k BepxHeMy perncTpy. 


Hnoiyi,a . Him biicin'iecKH KoppeKTHoro cpamicmm ctpok iicnojib3yiOT penio- 
HajIbHbie CTAHAapTbl, OTJIIIHHbie OT peniOHajIbHblX CTaHAapTOB BbI3bIBaiOIUerO nOTOKa. 
B TaKOM cnynae moacho aaACHcnsobaTb neperpyaceHHbie BepcHH noKa3aHHbix paHee 
MeTOAOB StartsWith, EndsWith h Compare — Bee ohii npiiHHMaiOT apryMCHTbi Boolean 
h Culturelnfo. 

ATenepbnoroBopiiMo ahhibhcthhcckhK oppeKTHbixcpamiemiax. /[./m npeACTaBAe- 
hhh napbi «H3biK-CTpaHa» (xaKoraicaHO b ciieniir])iiKanmi RFC 1766) b .NET Framework 
ncnojib3yeTCH Tim System.Globalization.Culturelnfo. B nacTHOCTH, en-US 03Ha- 
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nacr aMepiiKaHCKyio (CIIIA) Bepcmo aHrjiHHCKoro aabiKa, en-AU — aBCTpamiiicKyio 
Bepciiio aHrjmficKoro riabi Ka, a de-DE repMaHCKyio Bepcrao iicmciikoio a.ibi ra. B CLR 
y Kaac/toro noTOKa ecTb a is a CBoiicTBa, OTiiocmmiecM k otoh nape h cciii. iaiomnecM Ha 
odbeKT Culturelnfo. 

□ CurrentUICulture cnyacHT /yin iio.iyieiina pecypcoB, bhahmmx icoiiemio.vty nom>- 
30 BaTejno. 3to cbohctbo Handojiee nojie 3 HO ,yui rpacjmuecKoro iimcp<))ciica nom>- 
30 BaTejia hjih ii|)n./io>Keimii Web Forms, TaK KaK oho 060.3iia'iacr H3biK, KOTopbifi 
cjie/tyeT Bbi6paTb j ( j\a BbiBO/ta ojie.viemois nojib 30 BaTejibCKoro 11m epcjteiica, TaKiix 
KaK Ha/tnucH h khohkh. IIo yviomiaimio 11 p 11 co 3 /taiiHH noTOKa .-no cbohctbo noTOKa 
3a/taeTCH Win32-<bymo[iu‘o GetUserDefaultUI Language Ha ocHOBaHim obneKTa 
Culturelnfo, KOTopbifi yKa 3 biBaeT Ha h 3 mk TCKymeii Bepcini Windows. IIpi-i ncnojib- 
30 BaHHH MUI-BepciiH (Multilingual User Interface) Windows aro cbohctbo mo»cho 
3a/taTb c iio.vioiubioyrartHTbi Regional and Language Options (H3 mk ii pemoHajibHbie 
CTaHaapTbi) naHemi ynpaBJieHim. 


BHMMAHME 

B Tune String onpeaeneHO HecKO/ibKO BapnaHTOB neperpy3Kn mctoaob Equals, StartsWith, 
EndsWith n Compare noMi/iMO Tex, hto npi/iBeAeHbi paHee. Microsoft pexoMeHAyeT n36eraTb 
APyrnx Bepcnn (He npeACTaBneHHbix b 3toh KHnre). KpoMe Toro, HexenaTenbHO ncnoab- 
30BaTb m APyrne HMeioiAnecn b String MeTOAbi cpaBHeHnn — CompareTo (HeoGxoAHMbin 
Ann nHTepcJjenca IComparable), CompareOrdinal n onepaTopbi == n !=. llpuHUHa btom, hto 
Bbi3biBaiOLAnn koa He onpeAenneT sbho, xax aomxho BbinonHSTbcn cpaBHeHne ctpok, a Ha 
ocHOBaHMM MeTOAa Henb3n y3HaTb, Kaxori cnocod cpaBHeHnn BbiQpaH no yMonsaHHio. Ha- 
npnMep, no yMonaaHwo MeTOA CompareTo BbinonHneT cpaBHeHne c yneTOM peruoHanbHbix 
CTaHAapTOB, a Equals — 6e3 yneTa. Ecni/i Bbi hbho yKa3biBaeTe, xax Aon>KHO BbinonHSTbcn 
cpaBHeHne ctpok, Bain koa byaeT npome HimaTb n conpoBO>KAaTb. 


□ CurrentCulture ncnojib3yeTCH bo Bcex cnyuanx, b kotopmx He Hcnojib3yeTca 
cbohctbo CurrentUICulture, b tom uhcjic /yia (jiop.vtarnpoBaim a rnicevi h js,a t, npn- 
BeAeHiin h cpamiemia ctpok. I Ipn cjiopMaTHpoBaHHH Tpe6yiOTCH o6e uacTH 06'beicra 
Culturelnfo — mi(|)op.viaumi o H3biKe h CTpaHe. IIo y.viomiaiimo rip nr coa/iaiirm 
noTOKa 3 to cbohctbo noTOKa ::sa/i,aeTcn Win,32-())\TiK'mi<‘ii GetUserDefaultLCID Ha 
ocHOBamiH ofrbcicra Culturelnfo. Ero mo >1010 3aa,aTb Ha iiK./iayKC Regional Options 
(PeniOHajibHbie napaMeTpbi) yTum-iTbi Regional and Language Options (ll.ibiK h pe- 
niOHajibHbie CTaHaapTbi) naHemi yiipais.ieiimi. 

Siia'UMimi no yMomraiinio ajih othx ;uiyx cbohctb noTOKOB, Hcnojib3yeMbie npn 
C03aaHHH noTOKa, mO/Kiio nepeonpeaemiTb — jyisi stoiii cne/tyeT aa/urrr, crani'iecKne 
CBoiicTBa DefaultThreadCurrentCulture h DefaultThreadCurrentUICulture 06b- 
eKTa Culturelnfo. 

Bo MHonix npiuioaceminx CBoiicTBaM CurrentUICulture 11 CurrentCulture 3a/taeTca 
oahh o6beKT Culturelnfo, to ecTb b hhx co/tepacriTca ominaKOBaa iiHcjropMauiia o a3biKe 
h CTpaHe. O/Liiaico OHa MoaceT pa3miuaTbca. HanpriMep, b upiiao/Kcmm, pa6oTaiomeM 
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b CIIIA, Bee :3jic.vici[TP)i imTepcjaeiica MoryT npeACTaBjiHTbca Ha iicnaHCKOM a3WKe, a Ba- 
JIIOTa H c})OpMaT — B COOTBeTCTBIIII C npilHHTbIMII B CIIIA CTaH/iapTaMH. J\jia 3TOrO 
CBOiicTBy CunnentUICulture noTOKa 3anaeTCfl o6beKT Culturelnfo, imimiiajiii3iipoBaH- 
HbiH c H3biKOM es (HcnaHCKHft), a CBOiicTBy CurrentCulture — o6beKT Culturelnfo, 
iiHimiiajiii3iipoBaHHbiH napoii en-US. 

BHyTpeHHHH peajiH3au,HH o6beKTa Culturelnfo ccbuiaeTca Ha o6beKT System. 
Globalization. Comparelnfo, HHKancyjrapyiomHH npuHHTbic b namibix peniOHajibHbix 
cran/tapiax Ta6jmu,bi copthpobkh b cootb6tctbhh c npaBHJiaMH IOmiK'o/i,a. Hcnojib- 
30BaHiie peniOHajibHbix CTaHnapTOB npn copTHpoBKe CTpoK neMOHCTpupyeT npHMep: 

using System; 

using System.Globalization; 

public static class Program { 
public static void Main() { 

String si = "Strasse"; 

String s2 = "StraRe"; 

Boolean eq; 

// CompareOrdinal B03BpamaeT HeHy/ieBoe 3HaneHne 

eq = String.Compare(sl, s2, StringCompanison.Ordinal) == 0; 

Console.WriteLine("Ordinal comparison: '{0}' {2} '{1}’", si, s2, 
eq ? "==" : "!="); 

// CopTupoBKa CTpoK HeMepKoro B3biKa (de) b TepMaHnn (DE) 

Culturelnfo ci = new CultureInfo("de-DE"); 

// Compare B03BpamaeT Hy/ib 

eq = String.Compare(sl, s2, true, ci) == 0; 

Console.WriteLine("Cultural comparison: '{ 0 }' {2} '{1}'", si, s2, 
eq ? "==" : "!="); 

} 


B pe3yjibTaTe komhohobkh h isi.mo. memi a ico/ta no. iy'm.vi c : ic;i,yioiuce: 

Ordinal comparison: 'Strasse' != ’StraRe' 

Cultural comparison: 'Strasse' == 'StraRe' 

nPMMEHAHME 

Ecnn MeTOfl Compare He Bbino/iHseT npodoe cpaBHeHne, to oh npon3BOAHT pacwnpeHne 
cmmbobob (character expansions), to ecTb pa36nBaeT cnoxHbie cnMBOBbi Ha HecKO/ibKO 
cumbotiob, nrHopnpyn pernoHa/ibHbie CTaHnapTbi. B npeflbiAyuieM cnysae HeMepKnn 
cumbo/i 15 BcerAa pacinnpseTCs ao ss. AHa/iornHHO /lHraTypHbii) cumbo/i M BcerAa pac- 
iimpseTcn ao AE. noaTOiviy b npnBeAOHHOM npniviepe Bbi30B Compare 6yAeT BcerAa 
B03BpaLu,aTb 0 He3aBncnM0 ot BbiGpaHHbix pernoHa/ibHbix CTaHAapTOB. 


B HeKOTopbix peAKnx cjiynanx TpeSyercH 6ojiee tohkhh KOHTponb npn cpaBHe- 
HHH CTpOK A1IH npOBepKH Ha paBeHCTBO H Alia COpTIipOBKH. HanpiiMep, 3T0 MOSCeT 
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i[0'ipe6ona'[ boi npn cpaBHemiH ctpok c hiiohckhmh HeporjiHtJtaMH. /I,. m 3Toro hc- 
nojib3yeTCH cbohctbo Comparelnfo o6beicra Culturelnfo. KaK OTMeHajiocb paHee, 
o6beKT Comparelnfo HHKancyjmpyeT Ta6jmu;bi cpamiemm chmbojiob ,ym pa.'sjmniibix 
pernoHajibHbix CTaH/iapTOB, npiraeM /yia Kaac/toro peniOHajibHoro CTaH/iapTa cymecTByeT 
TOJibKO oflHH o6beKT Compareinfo. 

IIpii Bbi30Be mcto/uj Compare KJiacca String iiciio.ibayiOTCM yKa3aHHbie Bbi3biBaio- 
mi-iM noTOKOM peniOHajibHbie craiiaapTbi. Ecjih peniOHajibHbie CTaii/pipi bi He yKa3aHbi, 
iicnojib3yiOTCH 3HaH6HiiH CBOHCTBa CurrentCulture Bbi3biBaK)mero noTOKa. Kon, peajni- 
3yromHii MeTO/t Compare, nojiynaeT ccbijncy Ha o6beKT Comparelnfo cooTBeTCTByiomero 
peniOHajibHoro CTan/pip'ia h Bbi3biBaeT mcto/i, Compare o6beKTa Comparelnfo, nepe- 
AaBaH ccxji iieTCTiivioinHe napaMeTpbi (HanpHMep, iipii.snaK iiraopupoBaHiiH peniCTpa 
chmbojiob). EcTecTBeHHO, ecjrn rpcoycTca /t,orir>. i11iric./rp>111a ii KOHTpojib, bbi aojUKiibi 
caMOCTOHTejibHO Bbi3biBHTb MeTO/t Compare KOHKpeTHoro o6beKTa Comparelnfo. 

Mera/t Compare KJiacca Comparelnfo npinuiMaeT b KanecTisc napaMeTpa .siianemic 
nepeHHCJiHMoro rana CompareOptions. Ehtobmc (Juiani moscho o6be/tHHHTb nocpe/t- 
ctbom onepaTopa «hjih» jsjia 6 ojibinero kohtpojih Ha/t cpaBHeraieM ctpok. 3a nojiHbiM 
onncaHHeM (jwiaroB o6pamaHTecb k /toKyMeHTaitini .NET Framework. 

Cjie/tyiOHtHH npriMep /teMOHCTpHpyeT ana'iemie pernoHajibHbix CTaH/tapTOB npn 
COprapOBKe CTpOK H pa3JIHHHbie BapiiaHTbl CpaBHeHIIH CTpOK: 

using System; 
using System.Text; 
using System.Windows.Forms; 
using System.Globalization; 
using System.Threading; 

public sealed class Program { 
public static void MainQ { 

String output = String.Empty; 

String[] symbol = new String[] { ">" }; 

Int32 x; 

Culturelnfo ci; 

// Caeflymmnfi koa AewoHCTpupyeTj HacKOAbKO oTAnaaeTca pe3yAbTaT 
// cpaBHeHna ctpok aaa pa3AHMHbix pernoHaabHbix CTaHAapTOB 
String si = "cote"; 

String s2 = "cote"; 

// CopTupoBKa CTpoK aar 4>paHLiy3c ko ro a3biKa (OpaHitna) 
ci = new CultureInfo("fr-FR"); 
x = Math.Sign(ci.Comparelnfo.Compare(sl, s2)); 
output += String.Format( "{0} Compare: {1} {3} {2}", 
ci.Name, si, s2, symbol[x + 1]); 
output += Environment.NewLine; 

// CopTupoBKa CTpoK aar anOHCKoro A3biKa (PnOHna) 
ci = new CultureInfo("ja-DP"); 
x = Math.Sign(ci.Comparelnfo.Compare(sl, s2)); 

npodojincenue & 
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output += String.Format("{0} Compare: {1} {3} {2}", 
ci.Name, si, s2, symbol[x + 1]); 
output += Environment.NewLine; 

// CopTupoBKa CTpoK no pernoHa/ibHbiM CTaHflapTaM noTOKa 
ci = Thread.CurrentThread.CurrentCulture; 
x = Math.Sign(ci.Comparelnfo.Compare(sl, s2)); 
output += String.Format("{0} Compare: {1} {3} {2}", 
ci.Name, si, s2, symbol[x + 1]); 

output += Environment.NewLine + Environment.NewLine; 

// CneAywmHpi koa AewoHCTpupyeT ncnoAb30BaHue AonoAHHTeAt.Ht.ix B03M0>KH0CTeM 
// MeTOAa Comparelnfo.Compare npti pa6oTe c AByMS CTpoxaMM 

// Ha AnOHCKOM A3blKe 

// 3tm ctpokm npeACTaBABKiT caobo "shinkansen" (Ha3BaHne 
// BbicoKOCxopocTHoro noe3Aa) b pa3Hbix BapwaHTax nwcbMa: 

// xiiparaHe m xaTaxaHe 

si = " "; // ("\u3057\u3093\u304b\u3093\u305b\u3093") 
s2 = " "; // ("\u30b7\u30f3\u30ab\u30f3\u30bb\u30f3") 

// Pe3yAbTaT cpaBHeHMFi no yMOnnaHMK) 
ci = new CultureInfo("ja-JP"); 
x = Math.Sign(String.Compare(sl, s2, true, ci)); 
output += String.Format("Simple {0} Compare: {1} {3} {2}", 
ci.Name, si, s2, symbol[x + 1]); 
output += Environment.NewLine; 

// Pe3yAbTaT cpaBHeHMB, KOTopbih nrHopnpyeT Tun xaHbi 
Comparelnfo comparelnfo = Comparelnfo.GetCompareInfo("ja-3P"); 
x = Math.Sign(compareInfo.Compare(sl, s2, 

CompareOptions.IgnoreKanaType)); 
output += String.Format("Advanced {0} Compare: {1} {3} {2}", 
ci.Name, si, s2, symbol[x + 1]); 

MessageBox.Show(output, "Comparing Strings For Sorting"); 


nPMMEHAHME 

riOAOSHbie CjjaMAbl C MCXOAHblM KOAOM He/lb3n COXpaHMTb B KOAUPOBKe ANSI, nOCKOTIbKy 
MHane nnoHCKne cnMBO/ibi 6yAyT noTepaHbi. fl/in Toro HTo6bi coxpaHMTb 3 tot cfcaM/i npu 
noMOiAM Microsoft Visual Studio, OTKpofiTe AnanoroBoe okho Save File As, pacKpoPiTe cnn- 
coKcJjopMaTOBCOxpaHeHus n BbiOepme BapnaHT Save With Encoding. FI BbiOpan IOhukoa 
(UTF-8 with signature) — Codepage 65001. KoMnwiaTop C# ycneujHO pa36upaei cJjaCi/ibi 
nporpaMMHoro koa 3, ncnoAb3yK3Lu,ne aty KOAOByio ctpatinuy. 


Ilocjie nocTpoeHHH h BMnojmeHim Kona nojiyniiM pe3yjihTaT, noKa3aHHMii Ha 
.14.1. 
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Comparing Strings For Sorting X 


fr-FR Compare: cote > core 
ja-JP Compare: cote < cote 
en-US Compare: cote < cote 

Simple ja-JP Compare: 
Advanced ja-JP Compare: 


Pmc. 14.1. Pe3ynbTaT COPTMPOBKM ctpok 


IIomhmo Compare, Kjiacc Comparelnfo npe/yiaraeT MeTO/tbi IndexOf, IsLastlndexOf, 
IsPrefix h IsSuffix. Ejiaro/tapa iiMeiomeiica y icaac/toro H3 sthx mcto;i,oh neperpy- 
/Kcmioii BepcHH, KOTopofi b KaaecTBe napaMeTpa nepe/taeTca ana'iemie iiepe'tHCjm.vioro 
rana CompareOptions, bh nojiyaaeTe aonojiHiiTejibHbie bo3mo5khocth no cpaBHemno 
c MeTO/taMii Compare, IndexOf, LastlndexOf, StartsWith h EndsWith KJiacca String. 
KpoMe Toro, cjie/tyeT HMeTb b iniyy, tio b FCL ecTb Kjiacc System.StringComparer, 
KOTopbiii 'l aioicc moscho ncnojib30BaTb /yin cpaBHemm ctpok. Oh oKaabmacTca KCTaTH 
b Tex cjiyaanx, iconra iieo6xo/i,n.\to MHoroKpaTHO BbmojmaTb o/oioxnimbie cpamiemia 
MHoacecTBa ctpok. 


MHTepHnpoeaHne ctpok 

KaK a y>i<c OTMenaji, cpamieiine ctpok iiciio. ibayc'iCM bo mhothx npruioaceminx, o/tHaico 
3Ta oneparpin mo>kct omyni.vto CKa3aTbca Ha npoH3BOAHTejibHOCTH. I Ipn nopadicoeoM 
cpaenemiu (ordinal comparison) CLR Obicrpo npoBepaeT, paBHO jih KOJinaecTBO ciimbo- 
JIOB B CTpOKaX. Ilpil OTpiIUaTCJIbHOM pC3yjIbTaTe CTpOKII TOHHO HC paBHbl, HO CCJIII /tJIIIHa 
O/tllHaKOBa, npHXO/tHTCH CpaBHIIBaTb IIX CIIMBOJI 3a CIIMBOJIOM. IIpi-I CpaBHeHIIII C ytCTOM 
peraoHajibHbix CTaH/iapTOB cpe/te CLR Toace npnxo/tHTca nociiMBOJibHO cpaBHiiTb CTpoKii, 
noTOMy m i o Abe CTpoKii pa3HOii /yi n 111,1 MoryT OKa3aTbca paBHbiMi-i. 

K TOMy ate xpaHemie b naMam HecKOJibKnx 3 K 3 eMnjiapoB o.riioii CTpoKii npiiBO/i,HT 
k HenpoH 3 BOAHTejibHbiM 3 aTpaTaM naMHTH — Be/tb CTpoKii HeH 3 MeHHeMbi. 3 ()x))Cin nn- 
Horo Hcno. ib.'iobamia iiaMH i it MoacHO nodriTbca, ecjra nepacaTb b Heii o/tHy CTpoKy, Ha 
KOTopyio oy/iyr yKa 3 biBaTb cooriscTCTisyiomiie ccbijiKH. 

Ecjih b npiuioaceHiin CTpoKii cpaBHHBaiOTca a aero Mera/tOM nopa/tKOBoro cpaBHe- 
Hiia c v'ictom peniCTpa turn ecu h b npiuioaceHiin oacnnaeTca iioan.iciine MHoacecTBa 
OAIIHaKOBblX CTpOKOBbIX o6beKTOB, TO AJia nOBblineHIia npOII3BO/],HTeabHOCTH Ha/to npii- 
MeHiiTb no/mepaci-iBaeMbiii CLR MexaHH3M mmepHupoemun cmpoK (string interning). 
IIpii HHim,iiaaH3an,HH CLR co.a/tacT BHyTpeHHioio xem-Tadanay, b KOTopoii K. iio'ia.viH 
aii.iaioica CTpoKii, a .siia'iemiMMn — ccbuncii Ha crpoKOBbie odbeKTbi b ynpaBjiaeivioii 
icyie. Bnanaac Ta6jmn,a, pa3yMeeTca, nycTa. B KJiacce String ecTb ana Mera/ta, iipcyo- 
C'[an. ; raioiunc aocryn k BHyTpeHHeH xem-Ta6jmn,e: 

public static String Intern(String str); 
public static String IsInterned(String str); 
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IlepBbiH H3 hhx, Intern, iimeT String bo BHyTpeHHeii xein-Ta6jmii,e. Ecjih CTpoKa 
ooiiapyaciiisacTca, isoaiipainacTCH ccbuiKa Ha cooTBeTCTByiomiiH o6beKT String. Hilane 
C03flaeTCH ko m i a CTpoKii, OHa ao6hii.ihctch bo BHyTpeHHioio xem-Tad/mny, h B03Bpama- 
exca ccbiciica Ha Konino. Ecjih npH.io>KCiiHC 6ojibme He yaepaciiBaeT ccbMKy Ha iicxo/y 
Hbiii o6beKT String, y6opmiiK Mycopa BnpaBe ocbo6oahtb naMiiTb, 3aHHMaeMyio otoh 
CT poKoii. 06paTHTe BHHMaHHe, tio y6opnpiK Mycopa hc BnpaBe ogbo6oahtb CTpoKii, Ha 
KOTopbie ccbijiaeTCH miyi'pemiaa xem-Ta6jnm,a, nocKOJibKy b Hen caMoii ecTb ccbMKii 
Ha 3 th String. 06beKTbi String, Ha KOTopbie ccbijiaeTCH miyipciniaa xem-Ta6jmu,a, 
ne.ib.3a ocBo6o/i,HTb, noKa He BbirpyaceH cooTBeTCTByromiiH /yi.vion ii|)ii.io>Keiina hjih 
H e 3aKpbiT noTOK. 

KaK h Intern, mctoa Islnterned nojiynaeT napaMeTp String h iimeT ero bo 
BH yTpeHHeii xeiH-Ta6jnm,e. Ecjih noncK y/yi'ieii, Islnterned B03BpamaeT ccbuncy Ha 
HHTepHiipoBaHHyio CTpoKy. B npoTHBHOM cjiynae oh B03BpamaeT null, a caMy CTpoKy 
He BCTaBjiaeT b xem-Ta6jiHu,y. 

IIo yMOJiaaiinio npn 3arpy3Ke c6opKii CLRiiHTepHiipyeT Bee jiHTepajibHbie CTpoKii, 
oniicaHHbie b .vicxaAaimbix c6opiai. BbiHcmi.ioci>, tio 3to OTpimaTejibHO cica.'ibiisaexca Ha 
npOH3BO/I,HTejIbHOCTH H3-3a Heo6xOAHMOCTII AOnOAHIITCAbHOrO nOIICKa B xem-Ta6jniuax, 
i koto. viy Microsoft Tenepb iio.aiio.iacT o i ic. no'iiri b oxy <<(jiyHKii,Hio>>. Ecjih c6opKa ot- 
MeneHa aTpn6yT0M System.Runtime.CompilerServices.CompilationRelaxations 
Attribute, onpe/tejimomiiM 3HaTeHiie (Juiara System.Runtime.CompilerServices. 
CompilationRelaxations. NoStringlnterning, to b cooTBeTCTBiiii co cneuiitjiiiKauHeii 
ECMA cpe,a,a CLR Moycem 0 TKa3aTbcn ot nHTepHiipoBaHira ctpok, onpeAejieHHbix b Me- 
Ta/I,aHHbIX c6opKII. 06paTHTe BHIIMaHIie, TTO B IjejIHX nOBbllHeHIIfl npOII3BOAHTeAbHOCTH 
pa6oTbi ii|)ii. : iO/KCiuia icoMimjiaxo]) C# iicer/ia npn KOMniijianini c6opKii onpcACJiacx 
3 tot aTpudyT/cjiJiar. 

/I,asce ecjin b c6opKe onpe/iejieH stot aTpuSyT/cjuiar, CLR moscct npeAnonecTb 
HHTepHIipOBaTb CTpOKII, HO Ha 3T0 He CTOHT paCGHHXbIBaXb. I [ II ICOlyI,a He CTOHT nilCaTb 
KOA, paCCHHTailHblH Ha HHTepHIipOBaHIie CTpOK, eCJIH TOJIbKO Bbl CaMH B CBOeM ICOAC 

hbho He Bbi3biBaeTe mcioa Intern THna String. Cie/iyioinuii koa AeMOHCTpupyeT 
nHTepHiipoBaHiie ctpok: 

String si = "Hello"; 

String s2 = "Hello"; 

Console.WriteLine(Object.ReferenceEquals(sl, s2)); // Aoidkho 6biTb ’False’ 

si = String.Intern(sl); 
s2 = String.Intern(s2); 

Console.WriteLine(Object.ReferenceEquals(sl, s2)); // ’True’ 

npH nepBOM Bbi30Be MeTOAa ReferenceEquals iicpe.viemiaa si ccbijiaeTca Ha o6b- 
eKT-CTpoKy "Hello" b Kyne, a s2 — Ha Apyryio o6beKT-CTpoKy "Hello". nocKOAbKy 
CCbUIKH pa3Hbie, BblBOAHTCH 3HaTeHIie False. OAHaKO eCAH BbinOJIHIITb 3T0T KOA B CLR 
Bepciiii 4.5, 6 yAeT BbiBeAeHO .xiia'iemie True. /l,c./io b tom, tio 3 Ta BepciiH CLR htho- 
pupyeT aTpH6yT/cjiAar, co3AaHHbiii KOMniuiflTopoM C#, h IiHTepHiipyeT AHTepajibHyio 
CTpoKy "Hello" npn 3arpy3Ke c6opKii b aomch iipii.iO/KCiiiiii. 3to o.xiia'iaex, tio si h s2 
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ccbuiaiOTCH Ha 0 / 1,1 iv CTpoKy b Kyie. O/uiaico, KaK yace OT.vtciajiocb, iiiiKor/i,a He ctoht 
raicaTb Ko/t c pacnciOM Ha TaKoe noBe/temie, noTOMy tio b iioc./ie/i,yiomnx nepcnax stot 
aTpiiSyT/cjuiar MoaceT npHHHMaTbca bo BHHMaHHe, h CTpoKa "Hello" iiHTepHiipoBaTbCH 
He 6y/iC'r. B /teftcTBUTejibHOCTii, CLR Bepcim 4.5 yniTbreaeT stot aTpn6yT/<))./iar, ho 
TO/ibKO ecjni KO/t c6opKii coa/tan c iio.Yiomino yTHjiHTbi NGen.exe. 

I Iepe/t BTopbiM bh30bom Mcro/ta ReferenceEquals CTpoKa "Hello" am 10 HHTepHii- 
pycTca, b pe3yjibTaTe si ccbijiaeTca Ha HHTepHiipoBaHHyio CTpoKy "Hello". 3aTeM npn 
noBTopHOM Bbi30Be Intern nepeMCHHOii s2 npiiCBaiiBaeTOi ccbunca Ha Ty ace caMyio CTpo¬ 
Ky "Hello", Ha KOTopyio ccbuiaeTca si. Tenepb npn btopom Bbi30Be Ref erenceEquals 
mm rapaHTHpoBaHO iio/iyiaeM pe3yjibraT True He3aBHCHMO ot toto, 6buia ,/i 11 c6opKa 
ci«).\mri. ; mpoisai[a c sthm arp u 6yro m / <)). ; iaro m . 

Tenepb Ha npimepe nocMOTpiiM, KaK ncnojib30BaTb iiHTepHiipoBaHiie crpoKii /tjia no- 
BbimeHIIH npOH3BO/tHTejIbHOCTH H Cl 111/1(01 HIM Harpy3KII Ha naMHTb. nOKa3aHHblii /ta/iee 
MeTO/t NumTimesWordAppearsEquals npimiiMaeT /tBa apryMCHTa: cjiobo h MacciiB CTpoK, 
b kotopom Kaac/tbiH sjie.vicm MaccHBa ccbijiaeTca Ha o/uio cjiobo. Mera/t onpe/te/uieT, 
CKOJibKO pa3 yKa3aHHoe cjiobo co/tepacHTca b cniicKe cjiob, ii B03BpamaeT anc./io: 

private static Int32 NumTimesWordAppearsEquals(String word, String[] 
wordlist) { 

Int32 count = 0; 

for (Int32 wordnum = 0; wordnum < wordlist.Length; wordnum++) { 
if (word.Equals(wordlist[wordnum], StringComparison.Ordinal)) 
count++; 

} 

return count; 

} 

KaK BimiiTe, 3tot MeTO/t Bbi3biBaeT MeTO/t Equals Tima String, KOTopbiii cpaBHimaeT 
OT/te/IbHbie CHMBOJIbl CTpOK II lipOBCpHCT, HCC JIH CHMBOJIbl COBna/taiOT. 3tO CpaBHeHIie 
MoaceT BbinojiHHTbCH Me/tJieHHO. KpoMe toto, MacciiB wordlist MoaceT imeTb mhoto 
ajieMeHTOB, KOTopbie ccbijiaiOTCM Ha MHonie o6beKTbi String, co/tcpacainnc tot ace Ha- 
6op ciimbojiob. 3to oana-iaei, tio b icyte MoaceT cymecTBOBaTb MHoacecTBO n/tem irmbix 
CTpoK, KOTopbie He /to/iacHbi y hhht oacaTbca b npoitecce y6opKii Mycopa. 

A Tenepb nocMOTpiiM Ha Bepcnio stoto MeTO/ta, KOTopaa HamicaHa c iiHTepHiipoBa- 
HIieM CTpOK! 

private static Int32 NumTimesWordAppearsIntern(String word, String[] 
wordlist) { 

// B stom MeTOfle npeflnonaraeTcfl, hto Bee aneNieHTbi b wordlist 
// CCblliaiOTCfl Ha HHTepHkipOBaHHbie CTpOKIH 
word = String.Intern(word); 

Int32 count = 0; 

for (Int32 wordnum = 0; wordnum < wordlist.Length; wordnum++) { 
if (Object.ReferenceEquals(word, wordlist[wordnum])) 
count++; 

} 

return count; 

} 
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3tot mctoa HHTepHiipyeT cjiobo h npeAnoaaraeT, hto wordlist coAepacHT ccbijiKH 
Ha IIHTepHIipOBaHHbie CTpOKI-1. Bo-nepBbIX, B 3TOH BepCHH 3KOHOMHTCH lia.VlMTb, eCJIH 
cjiobo noBTopaeTCH b craicKe cjiob, noTOMy >no Tenepb wordlist coAepacHT mhoto- 
aiicjieHHbie ccbijiKH Ha c/piiici iici 111 i>i ii o6beKT String b icytc. Bo-btophx, 3Ta Bepciia 
pa6oTaeT 6biCTpee, noTOMy [ ito /pin bi.imciiciiiih, ecTb an yKa3aHHoe cjiobo b MacciiBe, 
AOCTaTOHHO npocToro cpaBHeraia yKa3aTejieii. 

Xoth mctoa NumTimesWordAppearsIntern pa6oTaeT 6biCTpee, aeM NumTimes- 
WordAppearsEquals, o6in,aa npoii3BOAHTeabHOCTb npiiAOAceHiia MoaceT OKa3aTbca 
Hiiace, aeM npii ncnojib30BaHHH MeTOAa NumTimesWordAppearsIntern H3-3a Bpe- 
MeHH, KOTopoe Tpc6ycTca Ha HHTepHiipoBaHHe Bcex ctpok no Mepe /io6aii./iciiiiM hx 
b MacciiB wordlist (cooTBeTCTByiomiiH koa He noKa3aH). IIpeiiMymecTBa MeTOAa 
NumTimesWordAppearsIntern — ycKopemie pa6oTbi h chhacctihc noTpedaeHiiH na- 
mhth — 6yayT 3aMeTHbi, ecjra npiuioaceHiiio HyacHO MHoacecTBO pa3 Bbi3biBaTb mctoa, 
nepeflaBaa oaiih h tot ace MacciiB wordlist. 3 thm o6cyacAeHiieM a xotca aohccth ao Bac, 
HTO HHTepHIipOBaHIie CTpOK II0.IC3I[(), HO HCn0JIb30BaTb eTO HyaCHO C OCTOpOaCHOCTblO. 
Co 6 ctbchho, iiMeHHO no 3TOii npiiaiiHe KOMnujiaTop C# yKa3biBaeT, hto He cjicavct 
pa3pemaTb HHTepHiipoBaHHe ctpok. 


Co3flaHne ny/iOB ctpok 

Ilpn o6pa6oTKe iicxoahoto KOAa KOMniiaHTop aoaacch KaacAyio jiHTepajibHyio CTpoKy 
noMecTHTb b MeTaAaHHbie ynpaBJiaeMoro MOAyaa. Ecan OAHa CTpoKa BCTpeaaeTca 
b hcxoahom KOAe mhoto pa3, pa3MemeHiie Bcex TaKHx ctpok b .viCTa/i,aiiiibix npiiBeAeT 
k yBejiiineHiiio pa3Mepa pe3yabmpyiomero cjiaiijia. 

l Ito6pj He AonycTHTb pocTa oobe.vta KOAa, MHonie KOMnujiaTopbi (b tom hiicjic C#) 
xpaHaT . iincpa. iiiiiyio CTpoKy b MCTa/i,aiiiiP)ix MOAyJia Toabico b oahom 3K3CMnaape. Bee 
ynoMiiHaHiia stoh CTpoKii b hcxoahom KOAe KOMnnaaTop 3aMeHaeT ccbiaKaMii Ha ee 
3K3eMnaap b .vieTa/paiiniJx. BaaroAapa .tto.ypv 3aMeTHO yMeHbinaeTca pa3Mep MOAyaa. 
Cnoco6 He hob — b KOMnnaaTopax Microsoft C/C++ stot Mexarai3M peaaii30BaH yace 
AaBHO h Ha3biBaeTca co3danueM nyjia cmpon (string pooling). 3to eme oaho cpeACTBO, 
no3Boaaiomee ycKopiiTb o6pa6oTKy ctpok. Iloaaraio, BaM 6yAeT noae3HO 3HaTb o HeM. 

Pa6oTa c cuMBO/iaivm u TeKCTOBbiMii 3/ieMeHTaMn b CTpoKe 

CpaBHeHiie CTpoK noae3HO npii copnipoBKe h noiicKe OAiiHaKOBbix capoK, OAHaico imorAa 
Tpe6yeTca npoBepaTb OTAeabHbie ciiMBoabi b npeAeaax CTpoKH. C noAo6HbiMii 3aAaaaMii 
npii3BaHbi cnpaBaaTbca HecKoabKO mctoaob h cbohctb THna String, b 'pucjic kotopmx 
Length, Chars (iiHAeiccaTop b C#), GetEnumerator, ToCharArray, Contains, IndexOf, 
LastlndexOf, IndexOfAny h LastlndexOfAny. 

Ha caMOM acjic System. Char npeACTaBaaeT oaho 16-pa3paAHoe koaoboc .sna'peiine 
b KOAiipoBKe IOi iii ico/i,, KOTopoe Heo6a3aTeabHO cooTBCTCTByeT a6cTpaKTHOMy lOniiico/i,- 
ciiMBoay. TaK, HeKOTopbie a6cTpaKTHbie Unicode-ciiMBoabi aBaaiOTca ico.vioiiiianiicii 
AByx KOAOBbix 31la'icipuii. HanpHMep, coneTaniie ciiMBoaoB U+0625 (apaocicaa 6yKBa 
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«ajiecj)» c no/tcrpoHHOH «xaM3a») h U+0650 (apadcKaa «Ka3pa») o6pa3yeT o/uih apa6- 
ckhh chmboji, hjih meKcmoeuu aMMettm. 

KpoMe Toro, iipe;i,C'[an. : ieime HeKOTopbix TeKCTOBbix ajie.vtem ob Tpe6yeT He o/tHoro, 
a/iByx 16-pa3pHflHbixKO/tOBbix3HaHeHiiii. IlepBoe Ha3biBaiOT cmapwuM (high surrogate), 
a BTopoe — MJiadiuuM 3aMenumeneM (low surrogate). 3naucinm cTapmero Haxo/tHTCH 
b /uiaiiaa.oiic ot U+D800 no U+DBFF, M/ianinero — ot U+DCOO /to U+DFFF. TaKoft 
cnoco6 KO/tnpoBKii no3BOJuieT npe/tCTaBHTb b Unicode oojicc MH/ijraoHa pa.3./m'im,ix 

CHMBOJIOB. 

Cn m boji bi -aa.viei i iitc.m n h()ctpc6oh;uii,i b ochobhom b CTpaHax Boctouhoh A 31111 h ro- 
pa3/to MeHbine b CIIIA ii EBpone. /(/im KoppeKraoii padoTbi c TeKCTOBbiMH a/ie.viem a.vtn 
npe/tHa3HaueH ran System.Globalization.Stringlnfo. CaMbift npocToii cnocod 
BOcnojib30BaTbcn 9THM ranoM — co3/taTb ero aK.3e.vni.uip, nepe/taB ero KOHCTpyicropy 
CTpOKy. L llo6bl 3aTeM y3HaTb, CKOJIbKO TeKCTOBbix OJICMCI I'lO 15 CO/tep/KHT CTpOKa, /to- 
CTaTOUHO npouHTaTb cbohctbo LengthlnTextElements odbCKTa Stninglnfo. IIo3ace 
MoacHO Bbi3BaTb Mera/t SubstningByTextElements odbeKTa Stninglnfo, urodbi H3BJieub 

O/tHH HJIH HeCKOJIbKO IIOCJIC/tOliaTC.Jbl[blX TeKCTOBbix a/ICMCII I OB. 

KpoMe Toro, b KJiacce Stninglnfo ecra CTarauecKHH mcto/i GetTextElementEnumenaton, 
B03BpamaiomHH odbeKT Sy stem. Globa lization. Text ElementEnumenaton, KOTopbiii, 
b cbok) ouepe/tb, no3BOJiaeT npocMOTpera b CTpoKe bcc a6cTpaKTHbie chmbojim K)HHKO/ta. 
FlaKOHeu, MoacHO BOcnojib30BaTbCH CTarauecKHMMera/tOM PanseCombiningChanactens 
rana Stninglnfo, u/Todbi nojiyuiiTb MacciiB 3naMcnirii rana Int32, no /tJiHHe KOToporo 
MoacHO cy/tHTb o KOjrauecTBe TeKCTOBbix ajie.viem on b CTpoKe. Kaac/tbiii a/iCMem Mac- 
ciiBa co/tepacHT HH/teKC nepBoro KO/tOBoro ana'ienini cooTBeTCTByiomero TeKCTOBoro 
ajie.viem a. 

Ouepe/tHoii npiiMep /teMOHCTpnpyeT paojuuiiiiiie cnocodbi Hcnojib30BaHiiH Kjiacca 
Stninglnfo /yia ynpaBjieHHH TeKCTOBbiMH ajie.YieiiTa.Ytii CTpoKii: 

using System; 
using System.Text; 
using System.Globalization; 
using System.Windows.Forms; 

public sealed class Program { 
public static void Main() { 

// Cneflyioman CTpoxa coaepwnT KOM6nHnpoBaHHbie cumbo/im 
S tring s = "a\u0304\u0308bc\u0327"; 

SubstringByTextElements(s); 

EnumT extElements(s); 

EnumTextElementIndexes(s); 

} 

private static void SubstringByTextElements(String s) { 

String output = String.Empty; 

Stringlnfo si = new Stringlnfo(s); 

for (Int32 element = 0; element < si.LengthlnTextElements; element++) { 
output += String.Format( 


npodojiwemie & 
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"Text element {0} is '{1}'{2}", 

element, si.SubstringByTextElements(element, 1), 

Environment.NewLine); 

} 

MessageBox.Show(output, "Result of SubstringByTextElements"); 

} 

private static void EnumTextElements(String s) { 

String output = String.Empty; 

TextElementEnumerator charEnum = 

Stringlnfo.GetTextElementEnumerator(s); 
while (charEnum.MoveNext()) { 
output += String.Format( 

"Character at index {0} is '{1}'{2}", 
charEnum.ElementIndex, charEnum.GetTextElement(), 
Environment.NewLine); 

} 

MessageBox.Show(output, "Result of GetTextElementEnumerator"); 

} 

private static void EnumTextElementIndexes(String s) { 

String output = String.Empty; 

Int32[] textElemlndex = Stringlnfo.ParseCombiningCharacters(s); 
for (Int32 i = 0; i < textElemlndex.Length; i++) { 
output += String.Format( 

"Character {0} starts at index {1}{2}", 
i, textElemlndexfi], Environment.NewLine); 

} 

MessageBox.Show(output, "Result of ParseCombiningCharacters"); 

} 

} 


I loc.ie KOMnoHOBKii h nocjie/tyiomero 3anycKa 3 toto Kona Ha oiqiaiie iiombmtcm iih- 
(J)opMaiiHOHHbie oKHa (puc. 14.2-14.4). 
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F wsinr or'FarsduwiDimngLraffilM 

Text element 01% T 

Text dement 1 is V 

Text element 2 Is V 

CMiuln <1 ndu 0 s 1 

Character 4t *>dex S s V 

Character is index 4 s V 

Character 0 vuin at index 0 

Character 1 suits at index J 

Character 2 starts as Index 4 
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Pmc. 14.2. Pe3yabTaT 
pafioTbi Meiofla 
SubstringByTextElements 


Pmc. 14.3. Pe3ynbTaT 
paboTbi Meiofla 
GetTextElementEnumerator 


Pmc. 14.4. Pe3y/ibTaT 
paboTbi Meiofla 
ParseCombiningCharacters 












3c()ct)eKTMBHoe C03AaHue ctpok 375 


ripoHne onepaumi co CTpoKaivm 

B Ta6ji. 14.1 npc;i,c'iaii. : iciii)i mctoah THna String, npe/piaaFia'iemihie /pm nojiHoro hjih 

AaCTHHHOrO KOIIIipOBaHIIH CTpOK. 


Ta6/iMLia 14.1. MeTOflbi KonnpoBaHna ctpok 


H/ieH 

Tun MeTOfla 

Ormcamie 

Clone 

3K3eMnjiapHHH 

Bo3BpainaeT ccbijiKy Ha tot ace caMbift obbeKT (this). 3 to 
H opMajiBHO, Tax KaK obbeKTBi String Heii3MeHHeMbi. 3 tot 
M eTon peajiii3yeT iiHTepcJieiic ICloneable KJiacca String 

Copy 

CTaTiinecKiiii 

Bo3BpamaeT HOByio CTpoKy — nybaiiKaT 3anaHHoii cTpo- 
kh. Mcnojn>3yeTCH pe/pco h HyaceH TOJibKO jxjih npiuioace- 
Hiift, o6pa6aTbiBaioinHx CTpoKii KaK neKceMbi. ObbiuHO 
CTpOKII C OAHHaKOBblM Ha6opOM CHMBOJIOB HHTepHH- 
pyiOTCH b 0£Hy CTpoKy. 3 tot MeTon, HanpoTHB, co3naeT 
HOBbiii CTpoKOBbiii obbeKT h B03BpamaeT hhoii yKa3aTejib 
(ccbijiKy), xoth b cTpoKax conepacaTca oxiiHaKOBbie chm- 

BOJIbl 

Copy To 

3K3eMnjiapHHH 

KonupyeT rpynny chmbojiob ctpokh b MacciiB chmbojiob 

Substring 

3K3eMnjinpHHii 

Bo3BpamaeT HOByio CTpoKy, npe^CTaBjiHiomyio nacTb 
HCXOAHOH CTpOKH 

ToString 

3K3eMnjiapHHii 

Bo3BpainaeT ccbijiKy Ha tot ace obbeKT (this) 


IIomhmo 3thx mctoaob, y THna String ecTb miioio CTaTnnecnnx h ::>ic.3Cm r i.i up)n i>i x 
MeTOAOB /pin pa3jranHbix onepan,HH co CTpoKaMii: Insert, Remove, PadLeft, Replace, 
Split, Join, ToLower, ToUpper, Trim, Concat, Format h np. Enje pa3 noBTopio, hto Bee 
3TH MCTO/l,P)[ B03Bpamai0T HOBbie CTpOKOBbie o6beKTbi; cos/prn, CTpOKy MO/KUO, HO H3- 
MemiTb ee Hejib3H (npn ycnoBini iiciio. ; ii,;iOBamiM 6e3onacHoro lai/pa). 


3<t><t>eKTMBHOe C03A3HHe CTpOK 

Tim String npeflCTaBjiaeT co6oii i[eii;!MeiiMCM\TO CTpoKy, a/yia /uinaMinecicnx onepaunii 
co crpoKaMii h CHMBOJiaMH npn C03p,aiiHH o6bCKTOB String b FCL HMeeTca Tim System. 
Text. StringBuilder. Ero mo/ktio paccMaTpimaTb KaK hckhh 06 rtic/toc iyrin f>i ii koh- 
CTpyKTop ajih String. B o6meM cjiynae Hyamo C 03 /i,aBaTb mctoah, y kotophx b KanecTBe 
napaMeTpoB BbiCTynaiOT o6beKTbi String, a He StringBuilder, xoth Moamo HanucaTb 
MeTOA, B 03 BpamaiomiiH CTpoKy, co 3 /i,aBaeMyio AimaMiraecKii BHyTpn MeTOAa. 

y o6beKTa StringBuilder npe/tycMOTpeHO none co ccmjikoh Ha macchb CTpyKTyp 
Char. Hcnojib 3 ya njieHbi StringBuilder, MoacHO .acjxlicin umio MaHimyniipoBaTb sthm 
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MacciiBOM, coKpamaa CTpoKy h iiomchm a chmbojim CTpoKii. IIpn yiicjiii'iemm CTpoKii, 
ripc/Lc rMn. i m 10 riicii paHee BbmejieHHbrii MacciiB chmbojiob, StringBuilder amoMaTHMC- 
ckh BbmejiHT na.viaTb HOBoro, 6ojibmero no pa3Mepy MaccnBa, CKomipyeT chmbojim 
h npiiCTynHT k pa6oTe c hobmm MacciiBOM. A npeacmiii MacciiB nonaneT b ccjiepy fleii- 
ctbiih y6opmiiKa Mycopa. 

CcjiopMiipoBaB cbok) CTpoKy c noMombio o6beKTa StningBuilder, «npeo6pa3yirre» 
MacciiB chmbojiob StningBuilden b o6beicr String, BM3BaB mcto/i, ToString Tima 
StringBuilder. 3tot mctoa npocra B03BpamaeT ccbuiKy Ha nojie-CTpoKy, ynpaBjmeMyio 
o6beKTOM StringBuilder. IIocKOJibKy MacciiB chmbojiob 3/i.cci. hc KomipyeiCH, mcto/i, 
BbinojiHaeTca oneHb 6biCTpo. 06bCKT String, B03BpamaeMbiii mctoaom ToString, He 

MO/KCT 6bITb H3MeHeH. Il03T0My, eCJIH Bbl BbI30BCTe MCTO/I,, KOTOpblH IIOIIblTaCTCM II3MC - 

HiiTb CTpoKOBoe nojie, ynpaBJiaeMoe o6beKTOM StringBuilder, mctoam 3toto o6beKTa, 
3Haa, hto jum Hero 6mji Bbi3BaH mcto/i, ToString, co3,a,a,a,yT hobmh MacciiB chmbojiob, 
MaHiinyjnmHH c kotopmm He noBjinaiOT Ha CTpoKy, B03BpameHHyio npeAbmymiiM bm- 
30bom ToString. 

Co3AaHue o6i>eKTa StringBuilder 

B OTjnimie ot KJiacca String, KJiacc StringBuilder b CLR He npe/tCTaBjiaeT co6oii 
Himero oco6emioro. KpoMe Toro, 6ojibmiiHCTBO h3mkob (BKjnoHan C#) He onnaiOT 
StringBuilder npiiMHTHBHbiM ranoM. 06beKT StringBuilder co3,a,aeTCH TaK ace, KaK 
jno6oii o6beKT HenpiiMiiTiiBHoro Tima: 

StringBuilder sb = new StringBuilder(); 

y THna StringBuilder HecKOJibKO KOHcrpyieropoB. 3a/i,a'ta i<a>K;i,om 113 hhx — bm- 
AejIHTb naMHTb II HHim,IiajIH3IipOBaTb TpH BHyTpeHHHX II0./I3, ynpaBJIHCMblX JIK>6bIM 
o6beKTOM StringBuilder. 

□ MaiccnMa.ihiia;i eMKOCTb (maximum capacity) — nojie THna Int32, Korapoe 3aa,aeT 
MaKCiiMajibHoe hiicjio chmbojiob, pa3MemaeMbix b CTpoKe. ITo y.viojnamiio oho paBHO 
Int32.MaxValue (okojio /psyx MiijuiiiapAOB). 3to rmauemie o6mhho He iirs.vienMeTca, 
xoth MoacHO 3anaTb 11 MeHbmee oiia'ienue, orpamiHiiBaiomee pa3Mep coa/umac.Moii 
CTpoKii. /(jih yace co.3, : i,aimoi() o6beKTa StringBuilder sto nojie H3MeHiiTb ne.Tb. 311 . 

□ EMKOCTb (capacity) — nojie THna Int32, noKa3biBaiomee pa3Mep .viacciiisa chmbojiob 
StringBuilder. IIo yMOJinaHino oho paBHO 16. Ecjih H3BecTHO, CKOJibKO chmbojiob 
npe/uiojiaraeTCH pa3MecTHTb b StringBuilder, yKaacHTe sto hhcjio npn coa/uinim 
o6beKTa StringBuilder. 11 pH ,a,o6aBJieHHH chmbojiob StringBuilder onpenejuieT, 
He bmxoaht jih hobmh pa3Mep MaccnBa 3 a ycTaHOBJieHHbiii 11 pcucjr ■ Ecjih ;ia, to 
StringBuilder aBTOMaTHnecKii v/psaimaei eMKOCTb, 11 hcxoah 113 stoto 3HaHemiH, 
Bbia,ejmeT naMHTb no,a, hobmh MacciiB, a 3aTeM KomipyeT chmbojim 113 iicxoahoto Mac- 
CHBa b hobmh. Hcxoahmh MacciiB b /lajibHeiimeM yTHjiH3iipyeTCsi c6opmiiKOM Mycopa. 
/liiiia.viimccKoe yBejiiiHeHiie Maccima CHiiacaeT npoii3Boa,HTejibHOCTb, no.3TO.viy ero 
cjieayeT H36eraTb, 3aa,aBaH nouxoAmuyio eMKOCTb b Hanajie pa6oTbi c o6beKTOM. 
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□ MaccHB chmbojiob (character array) — MacciiB CTpyKTyp Char, coacp'/Kaiunii Ha- 

6op CHMBOJIOB <<CTpOKII». L l I1C.IO CHMBOJIOB BCeiyja MCHBIIie (lIJIH paBHO) eMKOCTH 
II MaKCHMaJIbHOH eMKOCTH. KOJIU'ICCTBO CHMBOJIOB B CTpOKC MOACHO IIOJIVTIITb 'K‘pC3 

cbohctbo Length Tima StringBuilder. 3HaHeHiie Length Bcer/taMeHbme hjih paBHO 
eMKOCTH StringBuilder. ITpn co.i/iaiiHH StringBuilder moacho HHimiiajiH3iipoBaTb 
MacciiB chmbojiob, nepc/pusan eMy String KaK napaMeTp. Ecjih CTpoKa He aa/uuia, 
MacciiB nepBOHanajibHO He co/tepACHT chmbojiob h cbohctbo Length B03BpamaeT 0. 


H/ieHbi mna StringBuilder 

Tim StringBuilder b otjihhhc ot String npeACTaBJineT H3MeHneMyio CTpoKy. 3to 3Ha- 
hht, tio MHorne ajiem.i StringBuilder na.viemi iot co/tepACHMoe b Maccime chmbojiob, 
He C03AaBan hobmx o6beKTOB, pa3MemaeMbix b ynpaBjiaeMoii Kyie. StringBuilder 
BbiAejiaeT na.\iMTP, /via hobhx o6beKTOB tojibko b AByx cjiyaarix: 

□ npn AHHaMiraecKOM nocTpoeHiin ctpokh, pa3Mep KOTopoii npeBbimaeT ycTaHOBJieH- 
Hyio eMKOCTb; 

□ npn Bbi30Be MeTOAa ToString Tima StringBuilder. 

B Ta6ji. 14.2 npeACTaBjieHbi mctoah KJiacca StringBuilder. 


Ta 6 iiM 4 a 14.2. HneHbi Knacca StringBuilder 


HaeH 

Tun H/ieHa 

OnucaHiie 

MaxCapacity 

HeH3MeHHeMoe 

CBOHCTBO 

Bo3BpamaeT Haii6oJibmee KOJiiraecTBO chmbojiob, 
KOTopoe Mo*eT 6biTb pa3MemeHO b CTpoKe 

Capacity 

H3MeH5ieMoe 

CBOHCTBO 

nojiynaeT/ycTaHaBjniBaeT pa3Mep MacciiBa 

CHMBOJIOB. ripil nOnbITKe yCTaHOBIITb eMKOCTb 
MeHbinyio, ueM jyniHa ctpokh, hjih 6ojibine, 
neM MaxCapacity, reHepiipyeTcn HCKjnoueHiie 

Argument Out OfRangeException 

EnsureCapacity 

MeToa 

TapaHTiipyeT, uto pa3Mep MacciiBa chmbojiob 6ya.eT 

He MeHbme, neM 3HaueHiie napaMeTpa, nepeaaBaeMoro 
3TOMy MeTojiy. Ecjih 3HaueHiie npeBbimaeT TeKymyio 
eMKOCTb o6beKTa StringBuilder, pa3Mep MacciiBa 
yBejnmiiBaeTCH. Ecjih TeKyman eMKOCTb 6ojibme, ueM 
3HaueHiie, nepeaaBaeMoe 3TOMy CBoiicTBy, pa3Mep Mac- 
CHBa He H3MeHHeTCH 

Length 

H3MeHHeMoe 

CBOHCTBO 

Bo3Bpam;aeT KOjnmecTBO chmbojiob b «CTpoKe». 3Ta 
BejiHuiiHa Mo*eT 6 ht b MeHbme TeKymeii cmkocth 
M acciiBa CHMBOJIOB. ItpiICBOeHIie 3TOMy CBOHCTBy 3Ha- 
neHHH 0 cdpacbiBaeT coAepjKiiMoe h oniniaeT CTpoKy 
StringBuilder 


npodojioKeuue # 
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Ta6/uma 14.2 (npop,on>KeHMe) 


H/ieH 

Tun H/ieHa 

OnucaHue 

ToString 

MeToa 

BepcuH 6e3 napaMeTpoB B03BpamaeT odbeiCT String, 
npeacTaBjimomiiii MacciiB chmbojiob odbeKTa 
StringBuilder 

Chars 

Il3MeH5ieMoe 

CBOHCTBO- 

HH^eKCaTOp 

Bo3Bpam;aeT 113 Maccima hjih ycTaHaBjnmaeT b Maccn- 
Be CIIMBOJI C 3aa.aHHBIM HH^eKCOM. B C# 3TO CBOHCTBO- 
HHaeKcaTop (cbohctbo c napaMeTpoM), flocTyn k ko- 
TopoMy oeyniecTBjiHeTCH KaK k ajieMeHTaM Maccima 
(c iicnoab30BaHiieM KBaaparabix cko6ok []) 

Clear 

MeToa 

OuiimaeT coaepaciiMoe odbeKTa StringBuilder, aHajio- 
riinHO Ha3HaneHiiio CBoftcTBy Length 3HaueHim 0 

Append 

MeTO/t 

HodaBaaeT c/iwHifniTbiii o6r>eKT b MacciiB chmbojiob, 
yBejiHuimaa ero npn hco6xo,zuimocth. 06beKT npeo6- 
pa3yeTca b CTpoKy c iicnojib30BaHHeM odmero (JiopMa- 
raic yneTOM pemoHaabHbix cTaHaapTOB, cBH3aHHbix 

C BbI3bIBaiOIHHM nOTOKOM 

Insert 

MeTO/i 

BCTaBJIHeT eflHHHHHMH o6beKT B MaCCIIB CHMBOJIOB, 
yBejniuimaH ero npn hco6xo,zuimocth. 06beKT npeo6- 
pa3yeTca b CTpoKy c iicnojib30BaHiieM o6mero cjiopMa- 
Ta 11 c yueTOM periioHajibHbix cTaHaapTOB, cBsmHHbix 

C BbI3bIBaiOmiIM nOTOKOM 

AppendFormat 

MeTOfl 

HodaBaaeT 3aaaHHbie odbeKTbi b MacciiB chmbojiob, 
yBeaimiiBaH ero npii HeodxoaiiMOCTii. OdbeKTbi npe- 
o6pa3yioTCH b capoKy yKa3aHHoro cjiopMaTa 11 c yneroM 
3aaaHHbix periioHajibHbix cTarmapTOB. 3to oaim 113 
Haiidoaee uacra iicnojib3yeMbix mcto/iob npii padoTe 
c odbeKTaMii StringBuilder 

AppendLine 

MeTo,a; 

npiicoeaiiHHeT nycTyio CTpoxy b Koiieit ciiMBoabHoro 
MacciiBa, yBeaiiuiiBaH ero eMKOCTb npii HeodxoaiiMocTii 

Replace 

MeToa 

3aMeHHeT oahh chmboji hjih CTpoKy chmbojiob b Mac- 

CHBe CHMBOJIOB 

Remove 

MeTo/t 

XnajmeT aitana30H chmbojiob H3 MacciiBa chmbojiob 

Equals 

MeToa 

Bo3BpamaeT true, TOJibKO ecjiH odBeKTbi StringBuilder 
HMeiOT ojxny h Ty y&e MaKCHMajibHyio eMKOCTb, 
eMKOCTb H OAHHaKOBbie CHMBOJIbI B MUCCHBe 

Copy To 

MeToa 

KomipyeT nojiMHoacecTBO chmbojiob StringBuilder 
b MacciiB Char 


OTMeny o/i,ho Baaoioe odcTOHTejibCTBo: dojibiniiHCTBO mctoaob StringBuilder 
B03Bpamai0T ccbuiKy Ha tot ace o6beKT StningBuilder. 3 to no3BOJDieT BbiCTpoiiTb 
b hciio'ikv cpa3y HecicojibKo oiiepaHiiii: 
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StringBuilder sb = new StringBuilder(); 

String s = sb.AppendFormat("{0} {1}", "Jeffrey", "Richter"). 

Replace(' '-').Remove(4, 3).ToString(); 

Console.WriteLine(s); // "Jeff-Richter" 

y KViacca StringBuilder HeT HeKOTopbix aiia.iomis njia mctoaob iciacca String. 
Hanpimep, y Kjiacca String ecrbMeTOAbi ToLower, ToUpper, EndsWith, Pad Left, Trim 
h t. JX-, OTcyTCTByiomiie y KJiacca StringBuilder. B to ace BpeMH y KJiacca StringBuilder 
ecTb pacnmpeHHbiH mctoa Replace, Bi.iiio. iiiaiomuii 3aMeHy chmbojiob ii ctpok Jinnib 
b nacTH CTpoKii (a He bo Bceii CTpoKe). H3-3a OTcyTCTBiiH nojmoro cootbctctbiih 
M eac/iy MeTOAaMH imorna nprixoAHTca npn6eraTb k npeo6pa30BaHHHM MeacAy String 
h StringBuilder. Hanpimep, ccjiopMiipoBaTb CTpoKy, CAeaaTb bcc 6yKBbi nponiiCHbiMH, 
a 3aTeM BCTaBHTb b Hee Apyryio CTpoKy iio.3bo.thct care/iy ioiilit ii koa: 

// Co3flaeM StringBuilder flan onepapufi co cTpoKaMn 
StringBuilder sb = new StringBuilder(); 

// BbinoflHneM pnfl fleiicTBun co CTpoKaMin, ncnoflb3yn StringBuilder 
sb.AppendFormat("{0} {1}" "Jeffrey", "Richter").Replace(" ", 

// npeo6pa3yeM StringBuilder B String, 

// HTo6bi cfleaaTb Bee cumboan nponnCHbiMM 
String s = sb.ToString().ToUpper(); 

// OanmaeM StringBuilder (BbiflenaeTcn naMBTb nofl HOBbin MaccHB Char) 
sb.Length = 0 ; 

// 3arpy>KaeM CTpoKy c nponuCHbiMn String b StringBuilder 
// n BbinoflHneM ocTaabHbie onepapnn 
sb.Append(s).Insert(8, "Marc-"); 

// npeo6pa3yeM StringBuilder o6paTHO b String 
s = sb.ToStringQ; 

// BbiBOflUM String Ha 3KpaH flan noab30BaTean 
Console.WriteLine(s); // "JEFFREY-Marc-RICHTER" 

3tot koa HeyAo6eH h HeacjjcjjeKTHBeH — h Bee H3-3a toto, hto StringBuilder He 
noAAepaciiBaeT bcc onepaiiini, KOTopbie MoaceT BbinoAHiiTb String. Haneiocb, b 6yAymeM 
Microsoft yjiyHiHHT KJiacc StringBuilder, AonojmiiB ero Heo6xoAHMbiMii MeTOAaMH 
ajih pa6oTbi CO CTpOKaMH. 


nojiyneHMe CTpOKoeoro npeflCTaB/ieHMsi 
oSteKTa 


HacTO HyacHO nojiyHHTb CTpoKOBoe npeACTaBACHiie o6beKTa, HanpiiMep, aah OTo6pa- 
aceHiia HHcaoBoro Tuna (TaKoro, KaK Byte, Int32, Single h t. a.) h o6beKTa DateTime. 
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IIocKOJibKy .NET Framework hbahctch odbeKTHO-opiieHTiipoBaHHOH njiaTcjjopMofi, to 
Kaac/ibifi thii aoaacch caM npeAOCTaBHTb koa, npeo6pa3yioiiuni «3HaueHHe» 3K3eMnjiapa 
b HeKHH CTpoKOBbiii SKBiiBajiCHT. Bbidiipaa cnoco6bi peinemiH 3Tofi 3aAaHii, pa3pa6oTHii- 
kh FCL npiiAyMajm naTTepH nporpaMMiipoBaHim, npeAHa3HaHeHHbiii aah noBceMecTHoro 
Hcnojib30BaHiia. PaccMOTpHM 3tot naTTepH. 

nojiynemiH npeACTaBAemiH jno6oro odneKTa b biiac ctpokii HaAO Bbi3BaTb mctoa 
ToString. IIocKOJibKy stot OTKpbiTbiii BiipTyajibHbifi mctoa 6e.3 iiapa.vieTpoii onpeAejicn 
b Kjiacce System .Object, ero moacho Bbi3biBaTb aah 3K3eMnjnipa Aiodoro Tima. Ce- 
MaHTimecKii ToStning B03BpamaeT CTpoKy, KOTopan npeACTaBAneT TeKymee .siiaueime 
o6beKTa b (jiop.via'i'C, yuHTbmaiomeM tckviuhc peniOHajibHbie CTaii/uip'i bi Bbi3BaBmero 
noTOKa. Ctpokoboc npeACTaBAemie nncjia, k npimepy, aoaacho npaBiuibHO OTo6paacaTb 
pa3AejiHTejib apo6hoh uacra, pa3ACAHTeAb rpynn pa3pHAOB h TOMy noAo6Hbie napaMCTpbi, 
ycTaiiaii.'miiacM bie peniOHajibHbiMH craii/uip'i a.vin Bbi3bmaiomero noTOKa. 

Peajiii3auiiH ToStning b Time System.Object npocTO B03BpamaeT nojmoe hmh Tima 
o6beKTa. B stom .nia'icmi n .viajio nojib3bi, xoth /pur mhooix TirnoB TaKoe pememie no 
y.vio./i'iamiio mo>kct OKa3aTbCH e/oniCTiseimo pa3yMHbiM. Ftanpimep, KaK inianc iipc;t- 
CTaBiiTb b b n;i,e CTpoKii Taioic o6beKTbi, KaK FileStneam hah Hashtable? 

Tun hi, KOTopbie xotht npeACTaBiiTb TeKymee 3iia>icnwc o6beKTa b 6oacc coaep- 
acaTejibHOM BiiAe, aoaachbi nepeonpeAeAHTb mctoa ToStning. Bee 6a30Bbie Timbi, 
BCTpoeHHbie b FCF (Byte, Int32, UInt64, Double n t. a.), HMeiOT nepeonpeAeAeHHbiii 
MeTOA ToStning, peajni3an,HH KOToporo B03BpamaeT CTpoKy c yueTOM pemoHaAbHbix 
CTaHAapTOB. B otaha'ih kc Visual Studio npn HaBeAemm yKa.3aTe.;ui Mbiinn Ha cootbct- 
CTByiomyio nepeMeHHyio ikihbahctch BCii. ibiiiaiomaa noACKa3Ka. Tckct stoh noACKa3Kii 
(Jiop.vinpycTCH nyTeM Bbi30Ba mctoaa ToStning sroro 06'bciaa. TaKiiM o6pa30M, npii 
onpeAeAemin KAacca bbi aoaachm BcerAa nepeonpeAeAHTb mctoa ToStning, UTo6bi iiMCTb 
KanecTBeHHyio noAAepacKy npii otaaakc nporpaMMHoro koaa. 


OopMaTbi 1/1 pernoHa/ibHbie CTaHflapTbi 

y MeTOAa ToStning 6e3 napaMCTpoB ecTb Asa HCAOCTaTKa. Bo-nepBbix, Bbi3bmaiomaH 
nporpaMMa hc ynpaBAHCT cjiopMaTiipoBaHiieM ctpokii, KaK, Hanpimep, b CAynae, Kor- 
Aa npiiAOAceHino HyacHO npeACTaBiiTb hiicao b ashcachom iiaii aochthhhom cjiopMaTe, 
b npoueHTHOM hah mecTHaAuaTepiiHHOM biiac. Bo-BTopbix, Bbi3biBaiomaH nporpaMMa He 
MOACeT Bbl6paTb cjlOpMaT, yUHTblBaiOITIMH KOHKpeTHbie peniOHaAbHbie CTaHAapTbl. Bto- 
poil HCAOCTaTOK C03AaCT npo6ACMbI CKOpee AAH CepBCpHblX npHAOACeHHH, HeACCAII AAH 
KOAa Ha CTopoHe KAiieHTa. H3peAKa npiiAOAceHiiio TpedyeTCH (jiopMaTiipoBaTb CTpoKy c 
yneTOM peniOHaAbHbix CTaHAapTOB, otaiihhmx ot TaKOBbix y Bbi3biBaiomero noTOKa. /Jah 
ynpaBACHiiH cjaopMaTiipoBaHiieM ctpokii HyA®a Bepcua MeTOAa ToStning, no3BOAHiomaH 
3aAaBaTb cneunaAbHoe cjaopMaTHpoBaHiie h CBeAemiH 0 peniOHaAbHbix CTaHAapTax. 

Tim MOAceT npeAAOACHTb Bbi3biBaiomeH nporpaMMe Bbidop (jiopMaTHpoBaHiiH h pe¬ 
niOHaAbHbix CTaHAapTOB, ecAii oh peaAH3yeT HHTepcjieHC System. IFonmattable: 

public interface IFonmattable { 

String ToString(String format, IFormatProvider formatProvider); 

} 
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B FCL y Bcex 6a30Bbix thiiob (Byte, SByte, Intl6/UIntl6, Int32/UInt32, Int64/ 
UInt64, Single, Double, Decimal h DateTime) ecTb pcaAM3anMM 3Toro UHTcpcjictrca. Kpo- 
Me Toro, ecTb Taicne peajiH3apHH h y HCKOTopbix Apyrnx thiiob, HanpHMep GUID. K TOMy 
ace KaacAbifi nepemiCAiiMbiH thii aBTOMaranecKii peaAimyeT HHTepcjieHC IFormattable, 
no3BOJTMiOTHHir iiojiyniTb CTpoKOBoe BbipaaceHiie a a a miCAOBoro aiia'iemiM, coAepaca- 
meroca b oicaevm.iape nepenncAHMoro THna. 

MeTOA ToStning riHTepcjieHca IFormattable noAynaeT Ana napaMeTpa. nepBbifi, 
format, — sto CTpoKa, coodmaiomaH MeTOAy cnoco6 cjiopMarapoBaHHH o6beKTa. Bto- 
poii, formatProvider, — 3 to 3K3eMnjiap Tima, KOTopbiii peajni3yeT HHTepcjieHC System. 
IFormatProvider. 3 tot thii npeAOCTaBAneT MeTOAy ToString iincjiopMaurno o penio- 
HajibHbix CTaii/uipiax. KaK — cKopo y3HaeTe. 

Tim, peajiii3yiomHH mctoa ToString HHTepcjieHca IFormattable, onpeAeAHeT ao- 
nycTHMbie BapnaHTbi cjiopMaTHpoBaHHH. Ecah nepeAaHHan CTpoKa cjiopMarapoBaHHH 
HenpueMAeMa, THn aoaacch reHepiipoBaTb HCKAioueHiie System. FormatException. 

Muonic Timbi F CL noAAepaciiBaiOT HecKOAbKO cjiopMaTOB. HanpiiMep, ran DateT ime 
noAAepaciiBaeT CAeAyiomne cjiopMaTbi: "d" — AaTbi b kpatkom cjiopMaTe, "D" — AaTbi 
b noAHOM(JiopMaTe, "g" — Aarai b o6ineMcjiopMaTe, "M" — cjiopMaT «Mecjiii,/AeHb>>, "s" — 
coprapyeMbie AaTbi, "T" — Bpe.wa, "u" — yHHBepcaAbHoe lipevia b crai mapic ISO 8601, 
"U" — ymiBepcaAbHoe BpeMH b hoahom cjiopMaTe, "Y" — (jiop.viaT <<roA/Mecsm,» h t. a. 
Bee nepemiCAiiMbie Timbi noAAepaciiBaiOT CTpoKii: "G" — o6uihh cjiopMaT, " F" — cjiopMaT 
cjiAaroB, "D" — AecHTHHHbiii cjiopMaT h "X" — inecTHaAnaTepHAHbiii cjiopMaT. IIoApo6Hee 
O cjlOpMaTHpOBaHIIH nepeUHCAHMbIX THnOB CM. TAABy 15. 

KpoMe toto, Bee BCTpoeHHbie miCAOBbie Timbi noAAepaciiBaiOT CAeAyiomne CTpoKii: 
"C" — (jiop.viaT BaAiOT, "D" — Acca rii'nii.iii cjiopMaT, "E" — HayuHbiH (aKcnoHemjHaAb- 
Hblii) cjiopMaT, "F" — cjiopMaT AHCeA C cjniKCIipOBaHHOH TOUKOH, "G" — o6innii cjiopMaT, 
"N" — cjiopMaT uiicca, "p" — cjiopMaT nponcHTOB, "R" — o6paraMbiii (round-trip) cjiopMaT 
ii "X" — inecTHaAnaTepiiHHbiii cjiopMaT. TiiCAOBbie Timw noAAepaciiBaiOT Taicace ma6AOHbi 
cjiopMaTiipoBaHHH aah CAynaeB, KorAa odbiuHbix ctpok cjiopMarapoBaHiiH HeAOCTaTOHHO. 
IIIadAOHbi cjiopMaTHpoBaHiiH coAepacaT cnennaAbHbie chmboah, no3BOAHKimiie MeTOAy 
ToString AaHHoro THna OTo6pa3iiTb HyacHoe koahucctbo nucjip, mccto pa.3ACAHTCAa 
Apoonoii uacTH, KOAiinecTBO 3HaKOB b apo6hoh UaCTH H T. A- IIoAHyio HHcjiopMan,Hio 
o CTpoKax cjiopMaTupoBaHiifl cm. b pa3AeAe .NET Framework SDK, nocBumeHHOM 
cjlOpMaTHpOBaHIIIO CTpOK. 

Ecah bmccto CTpoKii cjiopMaTHpoBaHiin nepeAaeTcn null, sto paBHOCHAbHO Bbi30By 
MeTOAa ToString c napaMeTpoM "G". llHane roBopa, odneiCTbi cjiopMarapyiOT ce6a caMii, 
npHMCHHH no yMOAuaHiiio «o6iuhh cjiopMaT». Pa3pa6aTbiBaa peaAH3an,Hio THna, Bbide- 
pHTe cjiopMaT, KOTopbiii, no BameMy mhchhio, 6yAeT HcnoAb30BaTbca name Bcero; sto 
h 6yAeT <<o6mnii cjiopMaT». KcTara, bm30b MeTOAa ToString 6e3 napaMeTpoB 03HanaeT 
npeACTaBAemie odneiCTa b odmeM cjiopMaTe. 

3aKOHHHB co CTpoKaMii (jiop.viaTupobamia, ncpciiACM k perriOHaAbHbiM CTaHAapTaM. 
Flo yMOAnaHHio cjiopMaTiipoBaHiie BbinoAHaeTca c yic'iovi peniOHaAbHbix CTaHAapTOB, 
CBH3aHHbix c Bbi3biBaiomnM noTOKOM. 3 to cbohctbchho MeTOAy ToString 6e3 napaMe- 
TpoB h MeTOAy ToString HHTepcjieHca IFormattable co 3HaueHiieM null b KauecTBe 
formatProvider. 
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PemoHajibHbie craHnapTbi bjiiihiot Ha (fiopMaTiipoBaHiie Hiiceji (BKjnonaH neHeacHbie 
cyMMbi, uejibie aHCJia, mHCJ iac ii. ; iaiiaiomci ; i tohkoh ii npoiieHTbi), /tar h bpe.vtemi. M cto/i, 
ToString js, jih Tuna Guid, npencTaBJiaiomero koh GUID, B03BpamaeT CTpoKy, OTo6pa- 
acaiomyio TOJibKO 3HaneHiie GUID. PeniOHajibHbie CTan/iapTbi Bpaa jiii Hyaoio ymiTbiBaTb 
npn C037iaiiHH TaKofi CTpoKii, TaK KaK OHa nciio.ibaycTca TOJibKO caMofi nporpaMMofi. 

IIpii (J)opMaTiipoBaHiiii micjia MeTOA ToString «aHajni3iipyeT» napaMeTp 
formatProvider. Ecjih 9to null, mctoa ToStning onpenejiaeT peniOHajibHbie CTaH- 
/tapxbi, CBH3aHHbie c bbi.'ibibaioimiM noTOKOM, CHHTbiBaa cbohctbo System. Threading. 
Thread. CurrentThread. CurrentCulture. Oho B03BpamaeT 3K3eMnjiap THna System. 
Globalization.Culturelnfo. 

IIojiyHiiB o6beKT, ToString CHHTbiBaeT ero CBOHCTBa NumberFormat /yia (jiopMa- 
THpoBaHim HHCJia hjih DateTimeFormat /yin (JiopMaTHpoBaHHii naTbi. 3th CBOHCTBa 
B03Bpamai0T 3K3eMnjiHpbi System.Globalization.NumberFormatlnfo h System. 
Globalization. DateTimeFormatlnf o cooTBeTCTBeHHO. Tun NumberFormatlnfo omi- 
CbiBaeT rpynny cbohctb, TaKHx KaK CurrencyDecimalSeparator, CurrencySymbol, 
NegativeSign, NumberGroupSeparator h PercentSymbol. AHajioniHHO, y nina Date- 
TimeFormatlnfo oraicaHbi Taraie CBOHCTBa, KaK Calendar, DateSeparator, DayNames, 
LongDatePattern, ShortTimePattern h TimeSeparator. MeTOA ToString CHHTbmaeT 
3TH CBOHCTBa npil C03/iaTIHH H (|)OpMaTHpOBaHITII CTpOKII. 

npii Bbi30Be MeTO/i,a ToString nHTepc^efica IFormattable BMecTO null Moamo nepe- 
aajb ccbuiKy Ha o6beKT, THn KOToporo peanH3yeT iiHTepcjieHC IFormatProvider: 

public interface IFormatProvider { 

Object GetFormat(Type formatType); 

} 

OcHOBHaa H/iea npHMeHeHira HHTepcjieHca IFormatProvider TaKOBa: peajiH3aiiHH 
3Toro innepijieiica o.'siiauacT, hto 3ic.3Cm r i.ifi]) Tuna «3HaeT», KaK ooecncniTb yicr pem- 
OHajIbHblX CTaH/iapTOB npH (J)OpMaTHpOBaHIIH, a peniOHajibHbie CTaH/iapTbi, CBH3aHHbie 
C BbI3bIBaiOmHM nOTOKOM, llM[()|)lipyiOTCM. 

Tim System.Globalization.Culturelnfo — ojhh 113 HeMHomix onpenejieHHbix 
b FCL TimoB, b KOTopbix peajiH30BaH HHTepcjieHC IFormatProvider. Ecjih Hyamo 
(JiopMaTHpoBaTb CTpoKy, CKaaceM, /yia BbeTHaMa, cjienyeT co3,a,aTb o6beKT Culturelnfo 
h nepenaTb ero ToString KaK napaMeTp formatProvider. Bot KaK cjiopMHpyiOT CTpo- 
KOBoe iipe/tCTaiijieimeancjia Decimal bo BbeTHaMCKOM (jiop.YiaTCneHeacHoii BCJiiriniibi: 

Decimal price = 123.54M; 

String s = price.ToString("C", new CultureInfo("vi-VN")); 

MessageBox.Show(s); 

Ecjih co6paTb h 3anycTHTb stot koh, noamncH ni[())()]). m;ii 1,110n i roc okho (puc. 14.5). 
MeTOA ToString Tima Decimal, hcxoah H3 toto, hto apryMeHT formatProvider 
OTjiHaeH ot null, Bbi3biBaeT .vicToa GetFormat o6beKTa: 

NumberFormatlnfo nfi = (NumberFormatlnfo) 

formatProvider.GetFormat(typeof(NumberFormatInfo)); 
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123,54 d 


OK 


Puc. 14.5. HncnoBoe 3HaneHMe bo BbeTHaMCKOM cf>opMaTe AeHexHon Be/inHHHbi 

Taic ToString 3anpaniHBaeT y o6beKTa (Culturelnfo) AaHHbie o HaAJieacameM cjiop- 
MaTHpoBaHim mitccjt. L l hcaobmm THnaM (BpoAe Decimal) AOcraTO'ino iiojiyniTb juinib 
CBeAeHiia o (jxip.viaTHpoiiaimn HHceji. O/piaico apyrae THnbi (npoAC DateTime) MoryT 
Bbi3biBaTb GetFormat imane: 

DateTimeFormatlnfo dtfi = (DateTimeFormatlnfo) 

formatProvider.GetFormat(typeof(DateTimeFormatInfo)); 

Pa3 napaMeTp GetFormat MoaceT imeHTHcjiimupoBaTb jno6oii Tim, mctoa aoctatoaho 
ni6oK, ATo6bi 3anpamiiBaTb . iio6vfo cjiopMaTHyio iTncfiopManiTTO. Ceii'iac THnbi .NET 
Framework c noMommo GetFormat 3anpamiiBaiOT HiKjiopManino TOJibKO o micjiax 
ii AaTe/BpeMeHii; b 6 yAymeM nonBiiTca bo3mohchoctb 3anpamiiBaTb Apyrne CBeAeHHH. 

KeTaTH, HTo6bI nOJiyHHTb CTpOKy o6beKTa, KOTOpblii He OTcjiopMaTiipoBaH b co- 
OTBeTCTBHH C 01 ipCACACF 1 11 111 MII peniOHajIbHblMH CTaHAapTaMH, BbI30BHTe CTaTM'FCCKOC 
cbohctbo InvariantCulture KJiacca System.Globalization. Culturelnfo h nepeAairre 
B03BpameHHbiii o6beKT KaK napaMeTp formatProvider MeTOAy ToString: 

Decimal price = 123.54M; 

String s = price.ToString("C", Culturelnfo.InvariantCulture); 

MessageBox.Show(s); 

IIocAe KOMnoHOBKii h 3anycKa 3toto road nonBiiTcn imtJiopMaHiiOHHoe okho 
(puc. 14.6). 06paTHTe BHHMaHHe Ha nepBbiii chmboji b bmxoahoh CTpoice: «. Oh npeA- 
CTaBAneT MC>KAyiiapoAnoe oooona'ieniic aciic'/Kiioio 3 HaKa (U+00A4). 



Puc. 14.6. HncaoBoe 3HaneHne b cJjopMaTe, npeACTaB/imouieM 
aGctpaKTHyio AeHexHyio eAummy 






384 QiaBa 14. CmviBOJibi, ctpokh h o6pa6oTKa TeKCTa 


06mhho HeT i[Co6xo;i,hmoctii milBO/p-n b CTpoKy b cJiop.vtaTC HHBapiiaHTHbix penio- 
HaubHbix C'laii/iap'ioB. B thiiobom cjiyiac HyacHO npocTO coxpamiTb CTpoKy b ()iaii,/rc, 
OTjioacHB ee pa36op Ha 6yA,yni;ee. 

B FCL HHTepcJieHC IFormatProvider peajiii3yeTCH TOJibKO TpeMH TimaMii: 
yace ynoMiiHaBiniiMCH ranoM Culturelnfo, a TaKace TimaMii NumberFormatlnfo 
h DateTimeFormatlnfo. Kor/ia GetFormat Bbi3biBaeTca /yia o6beKTa NumberFormatlnfo, 
MeToa, npoBepaeT, HBJineTCJi jih 3anpainiiBaeMbiii ran NumberFormatlnfo. Ecjih na, bo 3- 
BpamaeTCH this, HeT — null. AHajioniHHbiM o6pa30M bm30b GetFormat ana o6beicra 
DateTimeFormatlnfo B03BpamaeT this, ecjin 3anpamiiBaeMbiii ran DateTimeFormatlnfo, 
H null — ecjra HeT. PcajiuaaunH 3 toto iiHTepcjieHca /lya arax /usyx in non ynpomaeT 
nporpaMMHpoBaHiie. Maine Bcero npn iiojiyicmin ctpokoboto iipc/iCTaB.TcmiM o6beK- 
Ta Bbi3biBaiOHiaji nporpaMMa 3a,a,aeT TOJibKO (JiopiviaT, AOBOjibCTByncb pernoHajibHbiMH 
CTaHaapTaMH, caia.iaiin i>i,vtit c Bbi3biBaiomHMnoTOKOM. I Iootomv ooiiiauo mm Bbi3biBaeM 
ToString, nepe/taBaa CTpoKy (JiopMarapoBaHira h null KaK napaMeTp formatProvider. 
J\na ynpomemiH pa6oTbi c ToString bo MHorne ranbi BKinoneHM neperpyaceHHbie Bepciin 
MeTO/i,a ToString. Hanpimep, ran Decimal npenocTaBjineT 'iciBipe neperpyacemibix 
MeTO/i,a ToString: 

// 3Ta Bepcvifl Bbi3biBaeT ToString(null, null) 

// CMbic/i: o6mnii 4>opMaT, pernoHa/ibHbie CTaHflapTbi noTOKa 
public override String ToStringQ; 

// B 3T0ii Bepcun Bbino/iHseTcn no/iHaa pea/in3aunB ToString 
// 3flecb pea/in30BaH MeTOA ToString nHTep4>enca IFormattable 

// CMbic/i: n (jjopMaTj w pernoHa/ibHbie CTaHflapTbi 3aflaH5TCfl BbBbiBaroineii nporpaMMoii 
public String ToString(String format, IFormatProvider formatProvider); 

// 3Ta Bepcun npocTO Bbi3biBaeT ToString(format, null) 

// CMbic/i: 4>opMaT, 3aflaHHbiPi BbBbiBaioinen nporpaMMoii, 

// n pernoHa/ibHbie CTaHflapTbi noTOKa 
public String ToString(String format); 

// 3Ta Bepcun npocTO Bbi3biBaeT ToString(null, formatProvider) 

// 3flecb pea/in3yeTca MeToa ToString nHTep<|)enca IConvertible 
// CMbic/i: o6mnii 4>opMaT w pernOHanbHbie CTaHflapTbi, 

// 3aaaHHbie BbBbiBammen nporpaMMoii 

public String ToString(IFormatProvider formatProvider); 


OopMampoBaHne HecKO/ibKux o 6 i>eKTOB b oflHy CTpoxy 

JX o chx nop penb nuia o tom, KaK KOHKpeTHbiii Tim cJiopMarapyeT cboii o6beKTbi. OmiaKO 
IIHOr/ia Tpe6yeTCH ClflOpMIipOBaTb CTpoKy H3 MHOACeCTBa OTCjlOpMaTIipOBaHHbIX o6beKTOB. 
B cjieAyionieM iipu.Ytcpc b CTpoKy isK.iio'iaiOTCM /lata, hmh 'icjioiicKa n ero B03pacT: 

String s = String.Format("On {0}, {1} is {2} years old.", 
new DateTime(2012, 4, 22, 14, 35, 5), "Aidan", 9); 

Console.WriteLine(s); 
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Ecjih co6paTb h 3anycTHTb 3tot koa b noTOKe c pemoHajibHbiM CTaii/uipTOM en-US, 
Ha Bbixoae nojiyHHTCH CTpoKa: 

On 4/22/2012 2:35:05 PM, Aidan is 9 yeans old. 

CTaTHHecKHH mctoa Format Tima String iia/iyiacT CTpoKy cjiopMaTHpoBamiH, 
b KOTopoii iiOACTai:.;iacMP)ie napaMeTpbi 060.3na'icm.i cbohmh HOMepaMii b <}) 11 iy])nr>ix 
CKo6icax. B 3 tom npiiMepe CTpoKa <})opMaTnpoisaim;-i yKa3bmaeT mctoav Format noA- 
CTaBiiTb BMecTO {0} nepBbiii nociie CTpoKii (})op.\iaTHpoii;iiiiiM napaMeTp (TeKymne 
Aaiy h npc.viM), bmccto {1} — c. : ic/i,yiomiiii napaMeTp (Aidan) h bmccto {2} — TpeTnn, 
nociieAHini napaMeTp (9). 

BHyTpn MeTOAa Format aah KaacAoro o6beKTa Bbi3biBaeTca mctoa ToString, nojiy- 
■laiomnii ero CTpoKOBoe ii|)C/i,CTai:. : iemie. Bee B03BpameHHbie CTpoKii 3aTeM o6'i>c/i,nim- 
iotch, a nojiyneHHbin peav.iiaaT isoaispamacTca mcto/i/jm. Bee 6buio 6bi .aaMCiapeabiPo, 
aniai<o i tyac i io iiMeTb b iin;iy, hto ko bccm o6beKTaM 11|)ii mciimcico-p o6mnn cjiopMaT 
n peniOHajibHbie cpmi i/iap i p>i Bbi3biBaiomero noTOKa. 

BTo6bi pacinnpiiTb craHAapTHoe cjiopMaTiipoBaHiie o6beKTa, HyacHO Ao6aBiiTb BHyTpb 
(})iii'ypiiiiix cko6ok CTpoKy (jwipMai iipoiiaim h. B 'laci iioc'i ii, e.;iCAyioiniiii koa oivm'ia- 
eTCH ot npeAbmymero ToabKO HaamnieM ctpok tjiopMaTHpoBaHiiH aah noACTaBaneMbix 
napaMeTpoB 0 ii 2: 

String s = String.Format("On {0:D}, {1} is {2:E} years old.", 

new DateTime(2012, 4, 22, 14, 35, 5), "Aidan", 9); 

Console.WriteLine(s); 

Eca ii co6paTb n 3anycTHTb 3 tot koa b noTOKe c pemoHajibHbiM CTaHAapTOM en-US, 
Ha BbixoAe Bbi yBHAHTe CTpoKy: 

On Sunday, April 22, 2012, Aidan is 9.000000E+000 years old. 

Pa36npan CTpoKy (jiopMaTHpoBamiH, mctoa Format «bhaht», hto aah noACTaBJin- 
eMoro napaMeTpa 0 HyacHO Bbi3biBaTb omicamibiH b ero iiHTep4>ence IFormattable 
MeTOA ToString, KOTopoMy nepeAaiOTCJi b KanecTBe napaMeTpoB D n null. Anaaornn- 
ho, Format Bbi3biBaeT mctoa ToString aah HHTep(|)eHca IFormattable napaMeTpa 2, 
nepcAaBan eMy E n null. Ecan y Tnna hct peaaH3an,HH HnrepcjieHca IFormattable, to 
Format Bbi3biBaeT ero mctoa ToString 6e3 napaMeTpoB, a b pe3yabTnpyiomyio CTpoKy 
Ao6aBAHeTCH cjiopMaT no yMoanamno. 

y Kaacca String ecTb HecKoabKO neperpyaceHHbix Bepcnn ciai n'iccKom MeTOAa 
Format. B OAHy H3 hiix nepeAaeTCHo6beKT, peaan3yiomiiiiHHTepcJieHC IFormatProvider, 
b 3 tom cav'iac npn (})op.\taTiipoiiai[iiii Bcex iiOAC'iaii./mcMbix napaMeTpoB moacho npn- 
MemiTb peniOHaabHbie C'laiiAap'i bP, 3aAaBaeMbie Bbi3biBaK>men nporpaMMoii. O'leiui.aipo, 
Format Bbi3biBaeT mctoa ToString aah KaacAoro o6beKTa, nepeAaBaa eMy noayneHHbin 
o6beKTIFormatProvider. 

Ecan BMecTO String aah cjiopMiipoBaHiiH CTpoKii npiiMemieTCfl StringBuilder, 
MoacHO Bbi3biBaTb MeTOA AppendFormat Kaacca StringBuilder. 3tot mctoa pa- 
6oTaeT TaK ace, KaK Format Kaacca String, 3a ncKaioneHiieM toto, hto pe3yabTaT 
cjiopMaTnpoBaHiia Ao6aBaaeTca k MacciiBy CHMBoaoB StringBuilder. Tohho TaK ace 
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b Append Format nepeAaeTca CTpoKa cjiopMaTHpoBaHiia h hmcctc a Bepcna, KOTopofi 
nepe/iaeTca IFormatProvider. 

y Tima System. Console Toace ecTb mctoah Write h Write Line, kotophm nepeAaiOTca 
CTpoKa (jiopMaTnpoiiamiH h 3aMemaeMbie napaMeTpbi. O/piaico y Console HeT neperpy- 
sceHHbix MeTOAOB Write h WriteLine, no3BOJimomHx nepe^aBaTb IFormatProvider. 
Ecjih npn (jiop.Yia'mpoisamin CTpoKii HyacHO iipii.Ytemnb onpcAOJiemibiepernoHajibHbie 
CTaHAapTbi, Bbi30BHTe mctoa Format KJiacca String, iicpe/uiii eMy HyacHbi ii o6beKT 
IFormatProvider, a 3aTeM noACTaBbre pe3yAbmpyiomyio CTpoKy b mctoa Write hah 
WriteLine K.iacca Console. 3to He HaMHoro ycAoacHHT aa/tany, nocKOJibKy, KaK a yace 
OTMenaji, koa Ha CTopoHe KjmeHTa peAKO npn cjiopMaTHpoBaHiiii npiiMCHaeT peniOHajib- 
Hbie CTaHAapTbl, OTAHHHbie OT TeX, TIC) Clia.iailbl C BbI3bIBaiOmHM nOTOKOM. 


Co3flaHne coScTBeHHoro cpeflCTea 4>opMaTnpoBam/m 

Yace Ha 3 tom 3Tane hohhtho, hto naaTifiopMa .NET Framework o6aaAaeT BecbMa th6khmh 
cpeACTBaMH (jiopMa'i npoiiamia. EIo 3to He bcc — bm MoaceTe HanucaTb mctoa, KOTopbiii 
6yAeT Bbi3biBaTbca b AppendFormat THna StringBuilder He3aBHCHMO ot toto, aah 
K aKoro oiTbCKTa bbiiio. iiiacTCH cJiop.viaTupoBamie. HnaaeroBopa, aah KaacAoro o6beKTa 
BMecTO MeTOAa ToString mctoa AppendFormat Bbi30BeT Bamy cjryHKrtiiio, KOTopaa 6y- 
AeT cjropMaTiipoBaTb oahh hjih HecKoabKo o6beKTOB TaK, KaK BaM HyacHO. Ctcavioiucc 
onncaHHe OTHOCHTca TaKace k MeTOAy Format THna String. 

Ilonpo6yio noacHHTb pa6oTy 3 toto MexaHH3Ma Ha npimepe. /tonycTHM, BaM HyaceH 
cjiopMaTiipoBaHHbiH EITML-tckct, KOTopbiii nojib30BaTeAb 6yAeT npocMaTpiiBaTb 
b 6pay3epe, npnaeM bcc 3HaaeHiia Int32 aoaachm BbiBOAHTbca nojiyacupHbiM mpucjiTOM. 
JXji a 3Toro bcakhh pa3, KorAa .siia'iemie Tima Int32 (jiop.YtaTnpycTCM b String, HyacHO 
o6paMAaTb CTpoKy TeraMii noAyacupHoro mpucjiTa: <B> ii </B>. CaeAyiomHH cJiparMeHT 
noKa3biBaeT, KaK aerKO sto AeaaeTca: 

using System; 
using System.Text; 
using System.Threading; 

public static class Program { 
public static void Main() { 

StringBuilder sb = new StringBuilder(); 

sb.AppendFormat(new BoldInt32s(), "{0} {1} {2:M}", "left", 123, 

DateTime.Now); 

Console.WriteLine(sb); 

} 

} 

internal sealed class BoldInt32s : IFormatProvider, ICustomFormatter { 
public Object GetFormat(Type formatType) { 

if (formatType == typeof(ICustomFormatter)) return this; 
return Thread.CurrentThread.CurrentCulture.GetFormat(formatType); 

} 


public String Format(String format. Object arg, IFormatProvider 
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formatProvider) { 

String s; 

IFormattable formattable = arg as IFormattable; 

if (formattable == null) s = arg.ToStringQ; 

else s = formattable.ToString(format, formatProvider); 

if (arg.GetTypeQ == typeof(Int32)) 
return "<B>" + s + "</B>"; 
return s; 

} 


I Iocjie kom n ftjt>tt; iTFi h 3anycKa Ko/ta b noTOKe c peniOHajibHbiM craii/uipTOM en-US 
noHBHTCH CTpoKa (/Ana moxcct o'lviHMaTbCM): 

Deff <B>123</B> September 1 

MeTOA Main KOHCTpyHpyeT nycTOH o6beKT StringBuilder, k KOTopoMy 3aTeM 
Ao6aBJiHeTCH (JiopMaTiipoBaHHaH CTpoKa. IIpii BM30Be AppendFormat b KanecTBe 
nepBoro napaMeTpa no/i,CTaii./i3CTCfi ;)i<3cmii. ; ih|) Kjiacca BoldInt32s. B HeM, noMiiMO 
paccMOTpeHHoro paHee HHTeptjieHca IFormatProvider, peajiH30BaH Taicace iiHTepcjieHC 
ICustomFormatter: 

public interface ICustomFormatter { 

String Format(String format. Object arg, 

IFormatProvider formatProvider); 

} 


Meron Format 3Toro iiHTepcjieHca Bbi3biBaeTCH bchkhh pa3, Korna MeTony Append- 
Format Kjiacca StringBuilder HyacHO no/iyHHTb CTpoKy /yia o6beKTa. BHyTpn 3Toro 
mcto/ia y Hac iiomb. imctcii B03M0acH0CTb oi6Koro yiipan.'icmiM npou,eccoM c^opMarapo- 
BaHiia CTpoKii. 3ar/iHHeM BHyTpb Merona AppendFormat, hto6h y3HaTb nononpo6Hee, 
KaK oh pa6oTaeT. C/ie/iyiomiiHnceB/ioKOAneMOHCTpiipyeTpa6oTy Mero/ia AppendFormat: 

public StringBuilder AppendFormat(IFormatProvider formatProvider, 

String format, params Object[] args) { 

// Ec/im napaMeTp IFormatProvider nepeflaH, buhchum, 

// npeAOCTaB/iaeT /in oh o 6 beKT ICustomFormatter 
ICustomFormatter cf = null; 

if (formatProvider != null) 
cf = (ICustomFormatter) 

formatProvider.GetFormat(typeof(ICustomFormatter)); 

// npoflo/DKaeM Ao 6 aB/inTb /inTepa/ibHbie cumbo/in (He noi<a 3 aHHbie 
// b stom nceBAOKOfle) n 3 aMeuiaeMbie napaMeTpu b MaccnB cumbo/iob 
// o6beKTa StringBuilder. 

Boolean MoreReplaceableArgumentsToAppend = true; 
while (MoreReplaceableArgumentsToAppend) { 


npodojiwemie & 
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// argFormat ccbmaeTca Ha 3aMemaeMyio cTpoKy ((jopMaTMpoBaHMfl, 

// no/iyHeHHyio m 3 napaMeTpa format 
String argFormat = /* ... */; 

// argObj ccbmaeTca Ha cooTBeTCTByiouiMM aneMeHT 
// napaMeTpa-MaccuBa args 
Object argObj = /* ... */; 

II argStr 6yaeT yKa3biBaTb Ha OT<|)opMaTnpoBaHHyio CTpoKy, 

// KOTopaa flo6aB^BeTca k pe3y/ibTMpyioineM CTpoKe 
String argStr = null; 

// EC/IM eCTb Cnepna^bHblM 06beKT (|)OpMaTMpOBaHMa, 

// ncno^b3yeM ero p,n» (jjopMaTupoBaHns apryMeHTa 
if (cf != null) 

argStr = cf.Format(argFormat, argObj, formatProvider); 

// Ec/im cneqna/ibHoro o6beKTa cjjopMaTHpoBaHMB HeT m/im oh He Bbino/iHH/i 
// 4>opMaTnpoBaHne apryMeHTa, nonpo6yeM eme HTO-Hw6yflb 
if (argStr == null) { 

// BbmcHfleM, noflflep>KHBaeT am Tun apryMeHTa 
// flono/iHMTe/ibHoe (j)opMaTnpoBaHne 
IFormattable formattable = argObj as IFormattable; 
if (formattable != null) { 

// fla; nepeaaeM MeToay MHTepc|)eMca aaa btoto Tuna 

// CTpOKy (j)OpMaTkipOBaHHfl M K/iaCC-nOCTaBlUMK 

argStr = formattable.ToString(argFormat, formatProvider); 

} else { 

// HeT; ncnoAb3yeM o6uimm (jjopMaT c yneTOM 
// perHOHa/ibHbix CTaHflapTOB noTOKa 
if (argObj != null) argStr = argObj .ToStringQ; 
else argStr = String.Empty; 

} 

} 

// flo6aBAseM CMMBOAbi m 3 argStr b mbccmb cmmboaob (none - H/ieH K/iacca) 

/* ... */ 

// npoBepseM, ecTb am eme napaMeTpw, HyxflaioinMecfl b cjjopMaTMpoBaHMM 
MoreReplaceableArgumentsToAppend = /* ... */; 

} 

return this; 

} 

Korna Main o6pamaeTCH k MeTOfly AppendFormat, tot BbObmaeT mctoa GetFormat 
Moero nocTaBmiiKa (JiopMaTa, nepenaBaa eMy Tim ICustomFormatter. Mcto/i, GetFormat, 
onHcaHHbift b MoeM Time BoldInt32s, <<bii/i,iit>>, hto 3anpamiiBaeTca ICustomFormatter, 
h B03BpamaeT ccbuiKy Ha co6cTBeHHbiii oobdcr, noTOMy tio oh pea./iii3>ycT 3 tot HHTep- 
cjieHC. Ecjih h 3 GetFormat aanpamimacTCH KaK0ii-T0 npyroft Tin, h Bbi3biBaio mcto/i 
G etFormat /via o6beKTa Culturelnfo, CBH3aHHoro c Bbi3biBaiomHM noTOKOM. 

npii Heo6xonHMOCTH (JiopMaTiipoBaTb 3aMemaeMbni napaMeTp AppendFormat bh- 
3biBaeTCH MCTO/i Format Kjiacca ICustomFormatter. B MoeM npiiMepe isbi.sbiisacTCH 
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mcto/i, Format, onHcaHHbift mohm thiiom BoldInt32s. B CBoeM MeTO/i,e Format h npo- 
Bepmo, no/mepacHBaeT jih (j/opMaTiipyeMbiii o6beKT pacmupeHHoe cjiopMaTHpoBaHiie 
nocpeacTBOM iiHTepcjieiica IFormattable. Ecjih HeT, to /i,jih (JiopMaTHpoBaHHH o6bCKTa 
a Bbi3biBaio npocTOH mcto/i ToString 6e3 napaMeTpoB (y lacjic/ioiiamibiii ot Object); 
ecjni aa — Bbi3biBaio pacmiipeHHbiH mcto/i, ToString, nepe/i,aBaji eMy CTpoKy cjiopMaTH- 
poBaHHjr h nocTaBmiiKa cjiopMaTa. 

Tenepb, hmch cj/opMaTiipoBaHHyio CTpoKy, a npoBepmo, HMeeT jih o6bCKT ran Int32, 
h ecjiH js, a, aaiCTio'iaio CTpoKy b HTML-Tem <B> h </B>, nocjie aero B03Bpamaio nojiy- 
nemiyio CTpoKy. Ecjih thii o6beKTa OTjunacTca ot Int32, npocTO B03Bpamaio (})op.Ma- 
THpoBaHHyio CTpoKy 6e3 AononHiiTejibHOii o6pa6oTKii. 

nojiynei-me o6teKTa nocpeflCTBOM 
pa36opa ctpokm 

B ii|)e;0)i,TVineM pa3/i,ejie a paccKa3aji o no/iyiemtn npe/iCTaBjieHHfl oiipcacjicimom 
oo'iiCKTa b iiu/ic CTpoKii. 3/iecb mm iioii/ie.M b o6paTHOM HanpaBjieHini: paccMOTpHM, KaK 
iio. iyiHi b iipc/tciaii. iemie KOHKpeTHOii CTpoKii b ish/ic o6beKTa. I Io/iynaTb o6beKT H3 
CTpoKii TpeSyeTca He aacTO, o/piaico imor/ia sto mo/icct OKa3aTbca nojie3HbiM. B KOMna- 
HIIH Microsoft 0C03HajIH BaaCHOCTb 4)OpMajIH3aH,HH MexaHH3Ma, nOCpeACTBOM KOTOpOrO 
CTpOKII M05KH0 pa3o6paTb Ha o6beKTbI. 

JIio6oh THn, cnoco6HbiH pa3o6paTb CTpoKy, HMeeT otkpmtmh, CTaraHecKiiii mcto/i 
Pa rse. Oh no/iynacT String, a Ha maxo/ic B03BpamaeT 3K3eMnjiap /laimom Tima; b KaKOM- 
to CMbicjie Parse isc/ict ce6aKaK(jiaopiii/a. B FCL mcto/i, Parse iio/i/iep/KiiisacTCTi bccmii 
HHCjiOBbiMii THnaMii, a TaK ace THnaMii DateTime, TimeSpan h HeKOTopbiMH /ipyraMii 
(Hanpimep, THnaMii /lamibix SQL). 

IIOCMOTpHM, KaK IIOJiyiHTb H3 CTpOKH I |CJIOU HCJICI III bl il THn. Bee HHCJIOBbie Tlinbl 
(Byte,SByte, Intl6/UIntl6, Int32/UInt32, Int64/UInt64, Single, Double, Decimal 
11 Biglnteger) hmciot MiiHiiMyM 0 , 1 , 111 r mcto/i, Parse. Bot KaK Bbirjia/i,HT mcto/i. Parse 
/yiH THna Int32 (/yia /ipynix hhcjiobmx THnoB mcto/im Parse BbirjiH/i,HT aiia/ionrmo). 

public static Int32 Parse(String s, NumberStyles style, IFormatProvider 
provider )1 

B.ti.imiivh Ha npoTOTim, bm cpa3y noiiMeTe cyTb pa6oTbi 3Toro MeTO/i,a. IlapaMeTp s 
Tima String ii/ieHTinjHmiipyeT CTpoKOBoe npe/iCTaBneHiie micjia, KOTopoe Heo6- 
xo/ihmo pa3o6paTb /ijiii i[o./iy iciihm o6beKTa Int32. IlapaMeTp style Tima System. 
Globalization .NumberStyles — 3to Ha6op /iBoimiibix cjuiaroB /via H/ieHTHijiHKaitHH 
ciiMBOJiOB, KOTopbie MeTO/i, Parse /lojiacen HaiiTii b CTpoKe. A napaMeTp provider Tima 
IFormatProvider H/ieHracJiHiiHpyeT o6beKT, iicnojib3yH KOTopbiii mcto/i, Parse MoaceT 
nojiymiTb tiHifiopMannio o peniOHajibHbix CTaH/iapTax, o ucm pcib mjia paHee. 

TaK, b cjic/ivioiiicm (jipar.MenTC npn oSpameHHH k Parse reiiepiipycTCii ucK. no'iemic 
System. FormatException, TaK KaK b Hana/ie pa36npaeMOH CTpoKii Haxo/i,HTCH npo6eji: 

Int32 x = Int32.Parse(" 123", NumberStyles.None, null); 
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HTo6bi <<nponycTHTb» npo6eji, Ha/ 1,0 Bbi3BaTb Parse c npyniM napaMeTpoM style: 
Int32 x = Int32.Parse(" 123", NumberStyles.AllowLeadingWhite, null); 

IIo/ipo6Hee o cjuiarax h CTaH/iapTHbix KOM6imau,iiHX, onpene/ieHHbix b Time 
NumberStyles, cm. noKyMCHTaiiino Ha .NET Framework SDK. 

Bot iipii.vtep ciiHTaKCimecKoro pa36opa CTpoKii mecTHa/maTepimHoro mic/ia: 

Int32 x = Int32.Parse("lA", NumberStyles.HexNumber, null); 

Console.WriteLine(x); // 0To6pa>KaeT "26". 

3TOMy MeTO/iy Parse nepe/i,aiOTCH Tpn napaMeTpa. /],jih y/i,o6cTBa y mhooix thhob 
ecTb neperpy/KeHHbie Bepcini Parse c MeHbmiiM hhcjiom napaMCTpoB. Hanpimep, y Tima 
Int32 MCTbipe neperpyaceHHbie Bepcmi MCTO/i,a Parse: 

// nepeaaeT NumberStyles. Integer b xanecTBe napaMeTpa cth/ib 
// m MH^opMaqun o pernoHa/ibHbix CTaHflapTax noTOxa 
public static Int32 Parse(String s); 

// nepeflaeT MH^opMapnio o pernoHa^bHbix CTaHflapTax noTOxa 
public static Int32 Parse(String s, NumberStyles style); 

// nepeflaeT NumberStyles. Integer b xanecTBe napaMeTpa cth/ib 
public static Int32 Parse(String s, IFormatProvider provider) 

// Tot MeTOfl, o kotopom s yxe paccxa3a.n b stom pa3fle/ie 
public static int Parse(String s, NumberStyles style, 

IFormatProvider provider); 

y rana DateTime TaKace ecTb mctoa Parse: 

public static DateTime Parse(String s, 

IFormatProvider provider, DateTimeStyles styles); 

3tot MeTOfl neiiCTByeT ho/io6ho MCTO/iy Parse /yra hhcjiobhx mnoB 3 a HCKjnoHeHiieM 
Toro, 'no MeTOny Parse Tima DateTime iiepe/piCTCM Ha6op nBOimHbix (jmaroB, onucaH- 
Hbix b nepemic/iiiMOM Time System.Globalization .DateTimeStyles, a He b Time 
NumberStyles. IIo/i,po6Hee o cjwiarax h CTaH/iaprabix K0M6iiHaii,HHx, onpenejieHHbix 
b rane DateTimeStyles, cm. noKyMCiiTamiio Ha .NET Framework SDK. 

JX.JW yno6cTBa ran DateTime conepacHT Tpn neperpyaceHHbix MeTO/i,a Parse: 

// nepeflaeTcs MH^opMaunn o pennoHa/ibHbix CTaHflapTax noTOxa, 

// a Taxxe DateTimeStyles. None b xasecTBe cth/ib 
public static DateTime Parse(String s); 

// DateTimeStyles.None nepeflaeTca b xasecTBe cth/ib 

public static DateTime Parse(String s, IFormatProvider provider); 

// 3tot MeTOfl paccMOTpeH mhom b btom pa3Ae/ie 
public static DateTime Parse(String s, 

IFormatProvider provider, DateTimeStyles styles); 
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/],aTbi h BpeMH ruioxo im/maiOTCM cuHTaicciraecKOMy pa36opy. MHorne paapaooT'ui kh 
CTOJ iKHyjincb c tcm, hto mctoa Parse Tima DateTime yxiiTpaeTca nojiyniiTb AaTy n BpeMH 
IT3 CTpOKH, B KOTOpOH HeT HH TOTO, HH AP.VrOm. I Io.9TO.VlV B Tim DateT ime miC/[,eiI MCTOA 
ParseExact, KOTopbiii aHajiii3iipyeT CTpoKy coiviacno HCKoeMy n ia6./K)i iv, noica3biBaiome- 
My, KaK ao./i'/KTia BbirAHAeTb CTpoKa, coAepacamaa AaTy hah BpeMji, h KaK BbinoAHHTb ee 
pa36op. O ma6jiOHax (JiopMaTiipoBaHiiH cm. pa3ACA, nocBameHHbiii DateTimeFormatlnfo, 
b AOKyMeHTau,Hii Ha .NET Framework SDK. 

nPMMEHAHME 

HexoTopbie pa3pa6oTHMKn cooOlahbh b Microsoft o caeflyiomeM <i>aKTe: ecan npn MHoro- 
KpaTHOM Bbi30Be Parse 3 tot MeTOA reHepnpyeT ncKaiOHem/is (n3-3a HeBepHbix AaHHbix, 
bboaumwx no/ib30BaieaaMn), 3 to OTpupaTeabHO CKa3biBaeTca Ha npon3BOAHTeabHOCTM 
npnaoxeHna. flaa TaKnxTpe6yiOLAHx bwcokom npon3BOAHTe/ibHOCTn caynaeB b Microsoft 
C03Aaan MeTOAbi TryParse aas BcexnncaoBbixTHnoB AaHHbix, Ana DateTime, TimeSpan n 
Aaxe Ana IPAddress. Bot xax BbiraaAHT oahh m 3 Aayx neperpyxeHHbix MeTOAOB TryParse 
Tuna Int32: 

public static Boolean TryParse(String s, NumberStyles style, 

IFormatProvider provider, out Int32 result); 

KaK BHAtiTe, MeTOA B03BpaiAaeT true hjim false, nH<t>opMnpya, ynacTca an pa3o6paTb 
CTpoxy b odteKT Int32. Ecan MeTOA B03BpaiAaeTtrue, nepeMenHaa, nepenaHHas no ccbiaxe 
b pe3yabTnpyiOLAeM napaMeTpe, 6yAeT coAepxaTb noayneHHoe b pe3yabTaTe pa36opa 
nncaoBoe 3HaneHne. narrepH TryXxx oOcyxAaeTca b raaBe 20. 

Koampobkm: npeo6pa3oeaHMq Mex<Ay 
CMMBOJiaMM m 6aMTaivm 

Win32-nporpaMMHCTaM uacra npuxoAHTCH nucaTb koa, npeo6pa3yioiii,HH chmboam 
h CTpoKii H3 Unicode b Multi-Byte Character Set (MBCS). IIocKOJibKy a toiicc othm 
3aHHMajica, Mory ABTopiiTeTHO yTBepacAaTb, hto acao oto oueHb HyAHoe h upeBaToe 
oinrioicaMn. B CLR bcc chmboam npeACTaBJieHbi 1G-paapMAUbiMii KOAaMH KDHiiKOAa, 
a CTpoKi-i coctoht TOJibKo H3 16-pa3pHAHbix chmboaob KDHiiKOAa. 3 to HaMHoro ynpo- 
maeT paoory c ch,vt no./ifi.vin h CTpoKaMH b nepnoA iibmo. iuemia. 

OAHaKO nopoii tckct TpedyeTCH 3anncaTb b cjiafiA hah nepeAaTb ero no ceTH. KorAa 
TeKCT coctoht iviamibiM o6pa30M H3 chmboaob aHr AHHCKoro H3biKa, 3anncb h uepcAana 
16-pa3pHAHbix aiia'ieimii ciaiioinriCH HeocjrcjieKTHBHOH, nocKOAbKy noAOBima oaii'ioii 
coAepacHT HyAH. I Iootomv pa3yMHee CHauaAa 3axodupoeamb (encode) 1 G-paapaAiii.io 
CHMBOAbi b 6oAee KOMnaKTHbiir MaccriB dafiTOB, MTOObi noTOM demdupoeamb (decode) 
ero b MaccriB 16-paapMAHbix 3HaueHHH. 

KoAHpoBamie TeKCTa noMoraeT Taicace ynpaBAaeMbiM npiiAoaceHiiHM padoTaTb co 
CTpoKaMH, co3AaHHbiMii b cucTeMax, He noAAepaciiBaiomHx IOhiikoa. Taic, hto6m co3AaTb 
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TeKCTOBbiii cjiaiui, npe/uiasHaueHHbiH /yia ihiohckoh Bepcun Windows 95, hjqkho coxpa- 
hiitl tckct b lOmiKO/ie, ncnojib3ya koa Shift-JIS (KO/iOBaa CTpamma 932). AHajioniHHO 
c noMombio ico/i,a Shift-JIS Moaoro npomiTaTb b CLR TeKCTOBbiii cjjafui, co.3/i,amibiii 
b HnoHCKoii BepcHH Windows 95. 

Ivo/pipoiiamieodbiuHO m.iiio. iimciCM nepc/iOTnpaBKoiiCTpoKii b (jiaiiji hjih ceTeBoii 
noTOKcnoMombioTnnoB System. 10.BinaryWriter h System. 10.StreamWriter, /fe- 
Ko/nipoiiamie odbiuHO m.iiio. iimcTCM npn ticiihii H3 cjoafijia hjih ceTeBoro noTOKa c no- 
Momwo TimoB System. 10. BinaryReader h System. 10. StreamReader. Ecjih KO/uipoBKa 
hbho HeyKa3aHa, bcc sth Timbi no y.viojiaamiio ncnojib3yiOT ko/i, UTF-8 (UTF oaiiaaacT 
Unicode Transformation Format). B stom paa/teae onepaiuin 'neiiiai h 3anncn ctpok 
b noTOKii paccMOTpeHbi 6ojiee no/i,podHO. 

K cnacTbio, b FCF ecm THnbi, ynpomaiomHe onepan,HH KO/uipoisamia h /i.CKO/i.iipo- 
BaHim. K ilaiioojicc nacTO Hcnoiib3yeMbiM KO/uiponKaM othocht UTF-16 h UTF-8. 

□ UTF-16 KomipyeT KaacAbiii 1G-paopa.yiijii chmboji b 2 dairra. Ilpn stom CHMBOJibi 
ocTaroTca, KaK 6bijni, h cacaTHH jiaHHbix He nponcxo,a,HT — CKopocTb npopecca otjihh- 
naM. L laero Ko/t UTF-16 Ha3biBaiOT eme lOmiKO/i.-b'o/i.upomcoii (Unicode encoding). 
3aMeTbTe xao<e, hto, hciio. i r>3y j-i UTF-16, Moaoio BbinojmiiTb npeodpa30BaHiie 
H3 npaMoro nopa/uca daiiTOB (big endian) b odpaTHbifi (little endian), h HaodopoT. 

□ UTF-8 KOfliipyeT HeKOTopwe ciimbojim oahiim dafiTOM, /tpyriie — AsyMH daftTaMH, Tpe- 
TbH — ipcM a, a HeKOTopbie — neTbipbMH. CriMBOJibi co .'iiia'icmiMMii 11 ii 'ace 0x0080, 
KOTOpbie B OCHOBHOM HCnOJIb3yiOTCfl B 3111.1033bl'111 b[ X CTpaHaX, C/ICbl.YtaiOTCH B O/pill 
daiiT. CriMBOJibi MOK/ty 0x0080 h 0x07FF, xopomo noaxo/uimne ,yia eBponeiicKHx 
h cpeAHea3iiaTCKHx h3mkob, npeodpa3yiOTCH b 2 daiiTa. Ciimbojim, HaniiHaa c 0x0800 
ii Bbime, npe/iHaaHaneHHbie ajih h3mkob Boctohhoh A3hh, npeodpa3yiOTCH b 3 daiiTa. 
H HaKOHen,, napbi CHMBOjiOB-3aMecTHTejieii (surrogate character pairs) aaimcbiisa- 
iotch b 4 dama. UTF-8 — BecbMa nonyunpHan cucTeMa lai/uipobaima, o/piaico OHa 
ycTynaeT UTF-16, ecjin iiyaoio KO/uipcma'i b MHoro chmbojiob co 3iia'ieima.\in ot 
0x0800 h Bbime. 

Xoth AJm oo. ibiiimiCTiia cjiyuaeB iiouxo/i,mt ico/pipomcii UTF- 16 h UTF-8, FCF nofl- 
aep>Kiiisacx h MeHee nonyjinpHbie Ko/uipomai. 

□ UTF-32 icoaupycr bcc chmbojim b 4 oaiiTa. 3Ta Ko/uipomca iiciio. : ib.3ycTca .yia co.3/i,a- 
hhh npocToro anropHTMa npoxo/ia chmbojiob, b kotopom He xpedycTca pa3diipaTbCH 
c ciiMBOJiaMH, C0CT03IUHMI1 H3 nepeMeHHoro niicjia daiiTOB. B uacmocTH, UTF-32 
ynpomaeT paoory c cn m bojia.vi u-aa.viecT htcjui m ii , TaK KaK Kaac/ibiH chmboji coctoht 
Pobho H3 4 6aiir. Hcim, tio UTF-32 iie;x})(})eicmmia c tohkh apemin skohomhh 
naMHTH, noaTOMy OHa pe/iyo iKaio.iboycica .yin coxpaHeHim iijih iiepc/tami ctpok 
b cjiaiiji iijih no ceTH, a odbiuHO iipii.YieimcTCM miyipu nporpaMM. Ctoht TaKace 3a- 
MeTHTb, [ no UTF-32 MoacHO 3aji,eHCTBOBaTb am iipcoopaaobaima npaMoro nopa/iya 
cjieAOBaHHH daiiTOB b odpaTHbifi, h HaodopoT. 

□ UTF-7 odbinHO iiciiojib.aycTCM b CTapbix cucTeMax, r;i,c ri o/l chmboji otho/uitcti 7 pa3- 
Phaob. 3toh koahpobkii cjic/iycT H3deraTb, nocKOJibKy odbmHO OHa npiiBOAHT He 
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k oicaxii io, a k pa.3/i,yisaiiii 10 .taimbix. Kommtct Unicode Consortium uacToaTCAbiio 
pCMCOMCI 1 /l.VCT OTKa3aTbCH OT npHMeHeHHA UTF-7. 

□ ASCII Ko/inpyeT 16-pa3paAHbie chmboam b ASCII-chmboam; to ecTb ak>6oh 16- 
pa3pa/iHbiH ciimboa co 3HanemieM .viemane 0x0080 nepeBOAHTca b oahhoahwh 6afiT. 
Chmboam co 3HaneHiieM 6oAbine 0x007F He noAAaroTca 3TOMy npeo6pa30BamiK), h 3Ha- 
aemie criMBOJia TepaeTca. J\jir ctpok, cocToamrix H3 chmbojiob b ASCI i-aiiaiiaaoiie (ot 
0x00 ao 0x7F), 3Ta KOAiipoBKa cacuMaeT aaHHbie HanoaoBimy, npiiaeM oaeHb 6biCTpo 
(nocKOJibicy CTapmiiii 6aiiT npocTO OTdpacwBaeTca). /laHHbiii koa hc roAHTca Aaa 
chmboaob bhc ASCII-AHana30Ha, TaK KaK TepaiOTca sna'ieima ciimboaob. 

HaKOHen,, FCL no3BoaaeT KOAHpoBaTb 16-pa3paAHbie chmboam b npori3BOAbHyio 
KOAOByio CTpammy. KaK h b cayaae c ASCII, sto npeo6pa30Bamie mo/KCt npHBecTH k no- 
Tepe .snaueniiii chmboaob, He OTodpaacaeMbix b 3aAaHHoii koaoboh CTpaHHpe. Hciio. ib- 
3yme KOAnpoBKH UTF-16 h UTF-8 bo bccx cayaaax, KorAa He hmcctc acao co CTapbiMii 
<l)aii./ia.Mii h ii|)ii. ; iO/Kcmi amh, b kotophx npriMeHeHa KaKaa-Aiido imaa KOAnpoBKa. 

HtoOm BbinOAHIITb KOAHpoBaHiie hah AeKOAnpoBaHiie iiaoopa CHMBOAOB, Clia'iajia 
HaAO noAyaHTb 3K3eMnAap KAacca, npoH3BOAHoro ot System .Text . Encoding. A6- 
CTpaKTHbiii 6a30Bbiii kaacc Encoding HMeeT HecKOAbKO ciai H'iecKiix cbohctb, KaacAoe 
H3 kotophx B03BpamaeT 3K3eMnAap KAacca, npoii3BOAHoro ot Encoding. 

IIpHMep KOAHpOBaHIIH H AeKOAHpOBaHIia CHMBOAOB C HCnOAb30BaHIieM koahpobkii 

UTF-8: 

using System; 
using System.Text; 

public static class Program { 
public static void Main() { 

// KoAnpyeMaa CTpoxa 
String s = "Hi there."; 

// no/iysaeM o6beKT, npon3BOAHbm ot Encoding, KOTopbm "yMeeT" BbinonHfiTb 
// KOAnpoBaHne n AexoAHpoBaHwe c ncn0Ab30BamneM UTF-8 
Encoding encodingUTFS = Encoding.UTF8; 

// BbinOAHaeM KOAUpOBaHUe CTpOKM B M3CCMB 6ailTOB 
Byte[] encodedBytes = encodingUTFS.GetBytes(s); 

// riOKa3biBaeM 3HaMeHnte 3aKOAnpoBaHHbix 6aiiTOB 
Console.WriteLine("Encoded bytes: " + 

BitConverter.ToString(encodedBytes)); 

// BbinoAHneM ASKOAnpoBaHne MaccuBa 6aiiTOB o6paTHo b CTpoxy 
String decodedString = encodingUTFS.GetString(encodedBytes); 

// noi<a3biBaeM AeKOAnpoBaHHyio CTpoxy 

Console.WriteLine("Decoded string: " + decodedString); 

I 
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Bot pe3yjibTaT m,mo.mcmiH ptoh nporpaMMbi: 

Encoded bytes: 48-69-20-74-68-65-72-65-2E 
Decoded string: Hi there. 

IIomhmo UTF8, y KAacca Encoding ecTb h /i,pynic ciaiiffcCKiic CBoiicTBa: Unicode, 
BigEndianUnicode, UTF32, UTF7, ASCII h Default. IIocjieAHee B03BpamaeT o6beKT, 
KOTopbiii BbinojiHaeT Ko/u-ipoisniiiie h ACKOAMpoisamic c v'ictom koaoboh c ipai 11111 , 1,1 
ii(). ; ii>3oi:aTe. : i3,aa.Taiiiioii c noMombio yTHjiHTbi Regional and Language Options (H3hk 
h pemoira. il,m,ie CTan/iapTbi) naHejra yiipaii.ieiniM (cm. orurcaiiHC Win32-c)»y 11 k 11 , 1111 
GetACP). O/uiaiai cbohctbo Default iipriMCnmi, He peKOMeii/ivcTcai, noTOMy tio no- 
bcachhc npiuioaceHHH dyACT 3aBHceTb ot iiacTpoiiiai MamiiHbi, to ecTb npn H3MeHeHim 
koaoboh Ta6jiiin,bi, iipc/uiarac\ioii no yMO.;i'iaiiiiio, hjih BbinojiHeHim npnjioaceHHH Ha 
Apyroii MamiiHe npiuiOAceHiie noBe,a,eT ceda HHaue. 

11 apa/iy c iicpc'iiic. : iemii,iMii cbohctbamh, y Encoding ecTb CTaTHuecKHH mcto/i 
G etEncoding, iioaiso.iaiomiiii yKa3aTb koaobvio CTpaHimy (b is mac 'iiicjia hjih CTpoKii). 
Mctoa GetEncoding B03BpamaeT o6beKT, BbinoAHSHomirii KOAnpoBaHiie /acko AiipoBaHiie, 
Hcnojib3yji 3aAaHHyio KOAOByio CTpaiiHuy. Hanpimep, moacho Bbi3BaTb GetEncoding 
c napaMeTpoM "Shift - 3 IS" hah 932. 

ITpn nepBOM 3anpoce odbercra Ko/uipoiiaiina cbohctbo KAacca Encoding (haii ero 
MeTOA GetEncoding) co3AaeT h B03BpamaeT odueKT aah TpedyeMoii koahpobkii. IIpi! 
nocAeAyiomux 3anpocax Taicoro ace odbeicia 6yAeT B03BpamaTbca y>ice hmcioihhhch 
o6t,ckt; to ecTb npn o'lepe/uio.vi 3anpoce hobmh oot,ckt He cosAacTca. BAaroAapa otomv 
coKpamaeTCH thcao odbeKTOB h CHiiAcaeTCH Harpy3Ka Ha Kyiy. 

KpoMe CTaTHuecKiix cbohctb h MeTOAa GetEncoding KAacca Encoding, a a a C03Aa- 
hhh 3K3eMnAnpa KAacca KOAHpoiiaiiiia moacho 3AAeHCTB0BaTb KAaccbi System. Text. 
UnicodeEncoding,System.Text.UTFSEncoding,System.Text.UTF32Encoding, System. 
Text .UTF7Encoding hah System.Text .ASCIIEncoding. Toamco noMHirre, hto b othx 
CAynaax b ynpaBAaeMoii Kyne hohbhtch hobwc odbeKTbi, hto HCMHHyeMO OTpimaTCAbHO 
CKaACeTCH Ha npOH3BOAHTeAbHOCTH. 

y KAaccoB UnicodeEncoding,UTFSEncoding,UTF32Encoding h UTF7Encoding ecTb 
HecKOAbKO KOHCTpyKTopoB, /uiioihhx AonoAHHTCAbHbie B03M0ACH0CTb b nAaHe ynpaBAe- 
hhh npoueccoM KOAHpoBaHiiH h MapuepaMU nocjiedoeamejimocmu 6aumoe (Byte Order 
Mark, BOM). IlepBbie rpn KAacca TaKAce hmciot KOHCTpyKTopbi, KOTopbie iio.sisoaaiot 
3acTaBHTb KAacc reHepiipoBaTb moic. iio'ienne npn AeKOAHpoBaHini HeKoppeKTHoii no- 
CAeAOBaTCAbHOCTH daHTOB; 3TH KOHCTpyKTOpbl HyACHO IICn0Ab30BaTb AAH OOCCIIC'ieHIlM 
6e30naCH0CTH npHAOACeHIIH II 3aiHHTbI OT lipHC.Yta HCKOppeKTHblX BXOAHbIX .tailllbix. 

Bo3moacho, npn padoTe c BinaryWriter hah StreamWriter BaM npiiAeTcn hbho C03- 
AaBaTb 3ICiCMII. IM|)l,[ 3THX KAaCCOB. Y KAaCCa ASCIIEncoding Alirub OAHH KOHCTpyKTOp, 
H IIO.3TO.Yiy B03M0ACH0CTH VI l])aii./ICI IIIII KOAHpOBHHHeM .3 ACC I, HCBeAHKII. I lo.TV'ia'H, odb- 

eKT ASCIIEncoding (to'iiicc, ccbiAKy Ha Hero) BcerAa CAeAyeT nyTeM 3anpoca CBoiicTBa 
ASCII KAacca Encoding. HincorAa He C03AaBaiiTe caYiocTO>iTC.Tbiio 3K3c.Yiii.Tap KAacca 
ASCIIEncoding — npn stom co3AaK>TCH AonoAHHTeAbHbie odbeKra b kvic, tio OTpu- 
i ui i c.t i, 1 10 cicaa.biiiacTCTi Ha npoii3BOAHTeAbHOCTH. 
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Bbi3BaB oo'iiCK'ia, npoH.'siio/pioi o ot Encoding, mcto;; GetBytes, mohcho npeo6- 
pa30BaTb MaCCHB CHMBOJIOB B MaCCIIB 6aHTOB. ( Y 3TOrO MCTO/PP eCTb HeCKOJIbKO nepe- 
rpyaceHHbix Bepciiii.) /1 ,,/im o6paTHoro iipeoopaaoiiaima Bbi30BHTe mcto/p, GetChars hjih 
6o./icc y;i,o6m.iii GetStning. (3 th Mera/ibi laioicc hmciot HecKOJibKO neperpyaceHHbix 
Bepciiii.) Pa6oTa mctoaob GetBytes n GetStning nponeMOHCTpupoBaHa b npiiBe,a,eHHOM 
paHee npimepe. 

y Bcex THnoB, npoii3Boa,Hbix ot Encoding, ecTb mcto/i GetByteCount, KOTopbiii, He 
BbinojiHHH peaabHoro ico/niponaima, noncHHTbreaeT kojihhcctbo 6aiiTOB, ipco6xo/i,hmp>ix 
,’( j\a KOflnpoBaHHH naHHoro Ha6opa ciimbojiob. Oh mo/icct iipiiio/ni i PjCH hjih Bbmejie- 
hhh naMHTH 11o/i, MaccHB 6aHT0B. 14 mcctcm TaK/Ke aiia/ioi n , im>iii MeTO/i, GetChanCount, 
KOTopbiii B03BpamaeT hhcjio iio/pyic/Kaiiuix yp,e kx i/i,pipou/ni ipio ciimbojiob, He BbinojiHHH 
peajibHoro neKO/HipoBamiH. 3 tii mctoah nojie3Hbi, Korna Tpe6yeTCH cskohomhtb naMHTb 

H MHOTOKpaTHO HCH0JIb30BaTb MaCCIIB. 

Mcto/p, p,p GetByteCount h GetChanCount pa6oTaiOT He TaK 6biCTpo, nocKO/ibKy /p,,/p^i 
nojiyHeHiiH tohhoto pe3yjibTaTa ohii hojihchm aHajiii3iipoBaTb MacciiB ciiMBOJiOB/6aiiTOB. 
Ecjiii CKopooTb Baaoiee tohhocth, Bbi3biBaiiTe GetMaxByteCount hjih GetMaxChanCount — 
06 a MeTO/i,a npimiiMaiOT iiejioe hhcjio, b kotopom 3a/i,aeTCH hhcjio ciimbojiob iijih 6aiiT0B 
COOTBeTCTBeHHO, H 1503 II|)a P [ UP IO I MaKCHMaJIbHO B03M0HCHblii pa3Mep MaCCHBa. 

KaacAbiii o6beKT, npoii3BO/i,HbiH ot Encoding, 11 mcct Ha6op OTKpbiTbix iieiia.Yteiiae- 
Mbix cbohctb, naiomux 6ojiee no/i,po6Hyio iiHtjiopMaiuiio o KOAnpoBaHmi. IIo/i,po6Hee 
cm. oniicaHiie sthx cbohctb b AOiyy.YieiiTaiuiii Ha .NET Framework SDK. 

HtoSh i i])0 /p,cmo i pc ippi])oi5;p p Pj CBoiiCTBa h hx iiaaipa'ieiinc, a Hanucaji nporpaMMy, 
B KOTOpOli 3TH CBOIICTBa li 1)131)1 liaiO'I CM pa3HbIX BapiiaHTOB KOflHpOBaHH a: 

using System; 
using System.Text; 

public static class Program { 
public static void Main() { 

foreach (Encodinglnfo ei in Encoding.GetEncodingsQ) { 

Encoding e = ei.GetEncodingQ; 

Console.WriteLine("{l}{0}" + 

"\tCodePage={2}, Windop/\isCodePage={3}{0}" + 

"\tWebName={4), HeaderName={5}, BodyName={6}{0}" + 

"\tIsBrowserDisplay={7}, IsBrowserSave={8}{0}" + 

"\tIsMailNewsDisplay={9 }, IsMailNep/\isSave={10}{0 }", 

Environment.NewLine., 

e.EncodingName, e.CodePage, e.WindowsCodePage, 
e.WebName, e.HeaderName, e.BodyName, 
e.IsBroiAiserDisplay, e.IsBrowserSave, 
e. IsMailNep/iisDisplay, e. IsMailNeiAisSave); 

} 

} 

} 

Bot pe3yjibTaT pa6oTbi stoh nporpaMMbi (tckct coi/pameii hj\a skohomhh 6yMani): 
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IBM EBCDIC (US-Canada) 

CodePage=37, WindowsCodePage=1252 
WebName=IBM@37, HeaderName=IBM037, BodyName=IBM037 
IsBrowserDisplay=False, IsBrowserSave=False 
IsMailNewsDisplay=False, IsMailNewsSave=False 

OEM United States 

CodePage=437, WindowsCodePage=1252 
WebName=IBM437, HeaderName=IBM437, BodyName=IBM437 
IsBrowserDisplay=False, IsBrowserSave=False 
IsMailNewsDisplay=False, IsMailNewsSave=False 

IBM EBCDIC (International) 

CodePage=50@, WindowsCodePage=1252 
WebName=IBM500, HeaderName=IBM500, BodyName=IBM500 
IsBrowserDisplay=False, IsBrowserSave=False 
IsMailNewsDisplay=False, IsMailNewsSave=False 

Arabic (ASMO 708) 

CodePage=708, WindowsCodePage=1256 

WebName=ASMO-708, HeaderName=ASMO-708, BodyName=ASMO-708 
IsBrowserDisplay=True, IsBrowserSave=True 
IsMailNewsDisplay=False, IsMailNewsSave=False 

Unicode 

CodePage=12@0, WindowsCodePage=1200 
WebName=utf-16, HeaderName=utf-16, BodyName=utf-16 
IsBrowserDisplay=False, IsBrowserSave=True 
IsMailNewsDisplay=False, IsMailNewsSave=False 

Unicode (Big-Endian) 

CodePage=12@l, WindowsCodePage=1200 

WebName=unicodeFFFE, HeaderName=unicodeFFFE, BodyName=unicodeFFFE 
IsBrowserDisplay=False, IsBrowserSave=False 
IsMailNewsDisplay=False, IsMailNewsSave=False 

Western European (DOS) 

CodePage=85@, WindowsCodePage=1252 
WebName=ibm850, HeaderName=ibm850, BodyName=ibm850 
IsBrowserDisplay=False, IsBrowserSave=False 
IsMailNewsDisplay=False, IsMailNewsSave=False 

Unicode (UTF-8) 

CodePage=65001, WindowsCodePage=1200 
WebName=utf-8, HeaderName=utf-8, BodyName=utf-8 
IsBrowserDisplay=True, IsBrowserSave=True 
IsMailNewsDisplay=True, IsMailNewsSave=True 

063op iiau6o./icc nonyjiapHbix MCTo;i,oii KJiaccoB, 11 |)Oii:i[so,u 1 1 >[ x ot Encoding, 3a- 
BepmaeT Ta6ji. 14.3. 
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Ta6/iiiL(a 14.3. MeTOflbi K/iaccoB, npon3BOAHbix ot Encoding 


MeTOfl 

OnncaHne 

GetPreamble 

Bo3BpamaeT MacciiB daiiTOB, noKa3biBaroniHx, uto Hy*Ho 3aroicaTb b no- 
tok nepea 3anncbio xoanpoBaHHbix daiiTOB. BacTo Taxiie OaiiTbi Ha3biBai0T 
BOM-dairraMii (byte order mark) unit npeaMdyjiori (preamble). Koraa bh 
npucTynaeTe k htchhio H3 noTOKa, B0M-6aiiTbi noMoraroT aBTOMaTitue- 
ckii onpeaejniTb xoanpoBxy noTOxa, uto6m npaBiiabHO Bbidparb Haa/iexca- 
miiii aeKoanpoBipuK. B HexoTopbix xaaccax, npoii3BoaHbix ot Encoding, 
3 tot MeToa B03BpamaeT MacciiB H3 0 6ariT, hto 03HauaeT oTcyTCTBiie npe- 
aMdyjrbi. 06beKT UTF8Encoding mohcct 6biTb co3aaH hbho, Tax hto6m 

3tot MeToa B03Bpamajr MacciiB ri3 3 6aiiT: OxEF, OxBB, OxBF. OdbexT 
UnicodeEncoding mohcct 6biTb co3aaH hbho, Tax hto6h stot Meraa bo 3- 
Bparpaji MacciiB 113 anyx dairr: OxFE, OxFF aaa npHMoro nopaaxa caeaoBa- 
hiih daiiTOB (big endian) nan OxFF, OxFE — ana odpaTHoro (little endian), 
no yMoanaHiiio iienoab3yeTCH odpaTHbiii nopaaox. 

Convert 

npeo6pa3yeT MacciiB daiiTOB 113 oaHoii xoaiipoBxii b apyryio. BHyTpeHHHH 
peaaii3artiiH stoto cTaTimecxoro Meraaa Bbi3bmaeT MeToa GetChars ana 
odbexTa b iicxoaHoii xoaiipoBxe 11 nepeaaeT pe3yabTaT MeToay GetBytes 
aaa odbexTa b peaeBoii xoaiipoBxe. noayaeHHbiii MacciiB daiiTOB B03Bpa- 
maeTca Bbi3biBaiomeii nporpaMMe 

Equals 

Bo3BpamaeT true, ecaii asa npoii3BoaHbix ot Encoding odbexTa npeacTaB- 
hhiot oaHy xoaoByio CTpaHiipy h oaimaxoByio npeaMdyay 

GetHashCode 

Bo3BpamaeT xoaoByio CTpaHiipy odbexTa xoaiipoBaroiH 


KoA^ipoBaHiie m AeKOflupoBaHne 

nOTOKOB CUMBOJIOB 14 6aMTOB 

1 lpc/[,CTaiip;[C, 'no bli 'iinaerc a.aKO/pipoisamiy io b UTF-16 CTpoKy c noMombio o6b- 
eKTa System.Net.Sockets.NetworkStream. BecbMa BepoHrao, hto 6aHTbi m noTOKa 
nocTynaiOT rpynnaMH pa3Horo pa3Mepa, Hanpimep CHaua/ia npH/tyT 5 6aHT, a 3aTeM 7. 
B UTF-16 Kaac/ibiH ciimboji coctoiit ii3 anyx Gain. I Iootomv b pe3yjiBraTe Bbi30Ba Mera/ta 
GetString Kjiacca Encoding c nepeflaneii nepBoro MacciiBa H3 5 6afiT 6ya,eT B03BpameHa 
CTpoKa, coaepacamaa TOJibKO asa ciiMBOJia. I Ipri caeayiomeM Bbi30Be GetString H3 noTOKa 
nocTyruiT caeayiomHe 7 6aiiT, h GetString BepHeT CTpoKy, coaepacamyio Tpn ciiMBOJia, 
lipilMCM Bee HCBepHbie! 

npHHHHa HCKa'/KClIlUI AaHHbIX COCTOHT B TOM, MTO HH 0/1,11 [I H3 lipOH3FSO/UlblX OT 

Encoding K/iaccoB He OTcaeaciiBaeT cocTOiimie noTOKa .vie>K;i,y Aisy.vui Bbi30BaMH cbohx 
MeToaoB. Ecjihbbi m.ino. inacie Ko/pipoiiaime hjih acKoanporaimc chmbojiob h 6aHT0B, 
nocTynaromux nopuiiHMii, to BaM npnaeTca npnaoacHTb aonoaHHTeabHbie yciunia yyia 
OTcaeacHBaHiia coctomiiii a .vic/Kay Bbi30BaMii, 'noon ii3»6e/icaTb noTepii /uimibix. 




398 QiaBa 14. CnMBOJibi, ctpokh n o6pa6oTKa TeKCTa 


Troobi BbinojiHiiTb AeKOAnpoBaHHe nopuHH /uimibix, cjicavct noAymiTb ccbijiKy Ha 
npoH3BOAHbiH ot Encoding ookckt (KaK onucaHO b npc/i,bi;i,yincM pa3Aeae) h Bbi3BaTb 
ero mctoa GetDecoder. 3tot mctoa B03BpamaeT ccbuiKy Ha BHOBb coa/uu 111 i>i ii o6beier 
Tima, npoii3BO/i,Horo ot KJiacca System .Text. Decoder. Kjiacc Decoder, r icj/iofi no ic/iaccy 
Encoding, hbjih6tch a6cTpaKTHbiM 6a30BbiM KjiaccoM. B AOKyMeHTaipm .NET Framework 
SDK Bbi He ilaii/a'ie KJiaccoB, KOTopbie npe;i,CTaii. ; miOT co6oii KOHKpeTHbie pca/maai 1,1111 
KJiacca Decoder, xoth FCL onpeAeaneT rpynny npoii3BOAHbix ot Decoder KJiaccoB. 
Bee 3th KJiaccbi hbjhhotch BHyTpeHHiiMH FCF, o.riiaia) mctoa GetDecoder MoaceT 
C03/i,aTb :)K.3e.viii. ; iM|)i)i 3thx KJiaccoB h BepHyTb hx Ko/i,y Bamero npiiAoaceHim. 

y Bcex npori3BO/i,Hbix ot Decoder KJiaccoB cymecTByeT ABa MeTOAa: GetChars 
h GetCharCount. EcTecTBeHHO, ohii cjiyacaT ,aj\a AeKOAiipoisaima MacciiBOB bairmii 
h pa6oTaiOT aiiajiomano paccMOTpeHHbiM paHee mcto/pim GetChars h GetCharCount 
KJiacca Encoding. Kor/pi bbi Bbi3biBaeie o/pin 113 hiix, oh /iCKO/pipycr MaccriB baiiTOB, 
HaCKOJIbKO 3TO B03M0ACH0. Ecjin b MacciiBe He xBaTaeT 6aiimii jyia (jiopMiipoisaiiiiM 
CHMBOJia, to ocTaBmiiecH 6aiiTbi coxpaHHiOTCH BHyTpri o6beKTa acKO/uiponamia. Ilpi! 
CJICAyiOHieM BbI30Be OAHOTO H3 3THX MCTOAOB o6bCKT ACKOAIipOBaHira 6epeT OCTaBmiieCH 
6aHTbi h CKJia/uaiiacT hx c BHOBb nojiyiemibiM MaccriBOM baiiTOB — baaroAapji 3TO.viy 
AeKOAiipoBaHiie Aamibix, nocTynaronrux nopnirriMiT, BbinojinsieTCH KoppeKTHO. ObbeKTbi 
Decoder BecbMa yaociibi jinn htchiih baiiTOB 113 noTOKa. 

Tim, npoii3BOflHbni ot Encoding, MoaceT cjiyaciiTb aah KOAnpoBaHHu/AeKOAnpoBaHiiH 
6e3 OTCJieaciiBaHiiH cocTOHHHH. Oahako Tim, npoii3BOAHbiii ot Decoder, MoacHO ncnoab- 
30BaTb TOJIbKO ’(J\A ACKO/UipObamiM. M'lOObl BbinOJIHHTb KO/UipOliamie CTpOKII I l()])l III A~ 

mh, BMecTO MeTOAa GetDecoder KJiacca Encoding npiiMeHneTCH mctoa GetEncoder. 
Oh B03BpamaeT BHOBb coa/pii 11 [ 1.1 ii o6beKT, 11 |io 11.3 hojli 1 ia ii ot a6cTpaKTHoro 6a30Boro 
KJiacca System.Text.Encoder. H omiTb, b /ioi(yMcmaii,iiii Ha .NET Framework SDK 
HeT omicaHim KJiaccoB, iipcAC'iais.'mioiniix co6oii KOHKpeTHyio peajiH3an,iiio KJiacca 
Encoder, xoth b FCL oiipcACJiena rpynna ii|)Oii.3bo,riibix ot Encoder KJiaccoB. IToao6ho 
KJiaccaM, npoH3BOAHbiM ot Decoder, ohii aa.\a iotcm BHyTpeHHiiMH ,aj\a FCL, o/uiaia) 
mctoa GetEncoder MoaceT co3AaBaTb 3K3eMnjiapbi sthx KJiaccoB h B03BpamaTb hx KOAy 
npHjioaceHHH. 

Bee KJiaccbi, npoii3BOAHbie ot Encoder, hmciot Asa MeTOAa: GetBytes h GetByteCount. 
IIpH KaacAOM Bbi30Be o6beKT, npoii3BOAHbiH ot Encoder, OTCJicacrmaeT ocTamn yiocn 
Heo6pa6oTaHHoii im4)opMari,Hio, TaK hto AaHHbie MoryT KOAiipoBaTbca no cjiparMeHTaM. 

KoflupoeaHne m fleKOAnpoeaHne ctpok b KOflupoeKe Base-64 

B nacTOMiuee ispe.Ma KOAiipoBKii UTF-16 h UTF-8 BecbMa noiiyjiapiibi. TaKace BecbMa 
Macro npriMeHneTCH KOAnpoBaHire nocAeAOBaTeAbHOCTeii 6aiiTOB b CTpoKii b koahpob- 
Ke base-64. B FCL ecTb mcto/i i.i /ui a KOAiipoBaHim h AeKOAiipoBaHim b KOAiipoBKe 
base-64. Bmao 6m AonmHO npeAnoAoaciiTb, mto aah stoii i icjih HCiiojihaycTca ran, 
npoii3BOAHbni ot Encoding, ho no KaKoii-TO iipiiMiiiTC KOAiipoBamie h ACKOAiipoBaHHe 
base-64 BbinoAHneTCH c noMombio CTaranecKHX mbtoaob, iipcAOCTaiiJuie.Mbix ranoM 
System.Convert. 
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HTobbi /iCKo/unxmai b CTpoKy b xo/iHpoBxe base-64 b MacciiB oai'nois, isbiaoisirre 
CTaTHHecKHii mcto/i, FromBase64String hjih FromBase64CharArray xjiacca Convert. 
/],jih /iCKO/pipoisamiM MaccHBa bainoB b CTpoKy base- 64 c/iyacHT c rai ii'iccKiiii mcto/i 
T oBase64String hjih ToBase64CharArray KJiacca Convert. IIpHMep iicnojib30BaHHH 

3THX MCTO/tOIC 
using System; 

public static class Program { 
public static void Main() { 

// no/iy-iaeM Ha6op m3 10 6aiiT, creHepupoBaHHbix c/iyMaMHbiM o6pa30M 
Byte[] bytes = new Byte[10]; 
new Random() .NextBytes(bytes); 

// 0To6pa>KaeM 6aiiTbi 

Console.WriteLine(BitConverter.ToString(bytes)); 

// fleKOflupyeM 6aiiTbi b CTpoxy b KOflupoBxe base-64 w bnboamm 3Ty CTpoxy 
String s = Convert.ToBase64String(bytes); 

Console.WriteLine(s); 

// KoflupyeM CTpoKy b KOflupoBKe base-64 o6paTHO B 6aMTbi n bnboamm mx 
bytes = Convert.FromBase64String(s); 

Console.WriteLine(BitConverter.ToString(bytes)); 

} 


Ilocjie KOMnHjimiHH 9Toro xo/ia h 3anycKa BbinojiHueMoro MO/iyjiH nojiyniiM cjie/iyio- 
mne CTpoKii (Bam pe3yjibraT MoaceT OTjuraaTbca ot mocto, nocicojibKy baiiTbi nojiyneHbi 
cjiyxaHHbiM o6pa30M): 

3B-B9-27-40-59-35-86-54-5F-F1 
07knQFklhlRf8Q== 

3B-B9-27-40-59-35-86-54-5F-F1 


3aiMMLueHHbie ctpokm 

HaCTO obbCXTbl String npiIMeHHIOT /I,JIH XpaHCHIIH XOHtJlIWeHIlHajIbHblX AaHHblX, TaKIiX 
Kax napojin hjih HHcjiopMaiiHH Kpe/FiiTHoii KapTbi. K coacajieHiiio, obbexTbi String xpa- 
HHT MaCCHB CHMBOJIOB B lia.V13TI1, II eCJIH pa3peiHHTb BbmOJIHeHIie He6e30naCH0r0 HJIH 
iieyiipaiijiHCMoro xo/ia, oh mo>i;ct npocMOTpeTb a/ipccime npocTpaHCTBO xo/ia, HaiiTii 
CTpoKy c i(()ii(|)ii;i,( , iiiuiajii.iioii iiii())op.\ian,iiei ; i h ncnojib30BaTb ee b cbohx iicojiamiuiji,- 
Hbix ncjiax. /l,a>KC ecjiH obnexT String cymecTByeT He/iojiro h CTaiioismcM Aobbraeft 
ybopmiixa Mycopa, CLR MoaceT He cpa3y 3a,a,eHCTBOBaTb paHee 3aHHTyio othm obbexTOM 
naMHTb (ocobeHHO ecjiii penb H/ieT ob obxexTax String npeAbmymiix Bepciiii), ocTaBJinn 
CHMBOJibi obbexTa b na.wHTH, r;pe ohii MoryT CTaTb /Lobp>i>icii 3JioyMbiiHJieHHiixa. KpoMe 
toto, nocxojibxy CTpoxn hbjihiotch HeH3MeH>ieMbiMH, npn Maiinny/ianiiH hmh ctapbie 
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BepCHH «BHCHT» B naMHTH, B pe.3V. ; lbTaTC pa3HbIC BepCHH CTpOKII OCTaiOTCH B pa3A II 1 III 1,1 X 
o6./iacT>ix iia.viHTii. 

B HeKOTopbix l OcyaapcTiicmibix yipoicaciiiiax acmctisviot CTporne Tpc6oisaiiiiM 
6e3onacHOCTH, rapaHTiipyiomHe oiipc/tcjiciiiii.iii ypoBeHb 3amHTbi. /[./m pciiiciiiia TaKi-ix 
3a; 1,3'i ciicuiia. incrbi Microsoft /[.ooami. i 11 b FCL6e3onacHbiii CTpoKOBbiii Kjiacc System. 
Security. SecureString. IIpii cospauwu o6beicra SecureString ero koa bhacahct 6jiok 
HeynpaBjiHeMofi naMHTH, KOTopan coAepacHT MacciiB chmboaob. ydopmuKy Mycopa 06 
3toh HeynpaBjiaeMOii naMHTH iiimeio He hsbcctho. 

ClIMBOAbl CTpOKII milcjipyiOTCH pun 3aniHTbI KOH(|)HAeHII,HaAbHOH IIH4)OpMaLl,HH OT 
jno6oro noTemjuajibHO onacHoro hjih HeynpaBAHCMoro KOAa. J\jin AonucbiBamiH b kohcu 

CTpOKII, BCTaBKII, y/[,a. : IC‘lIITS-I HJIH 3aMeHbI OTACJIbllblX CHMBOJIOB B 33111111110111100 CTpOKe 

cjiyacaT cooTBeTCTBCHHO MeTOAbi AppendChar, InsertAt, RemoveAt h SetAt. IIpn Bbi30Be 
JIK)6orO H3 3TIIX MCTOAOB KOA MeTOAa paCIHHCjipOBblBaeT CIIMBOJIbl, BbinOJIHHeT onepauino 
h 3aTeM o6paTHO inucjipyeT CTpoKy. 3to 03HanaeT, hto chmboah HaxoAflTCH b Heaainiicjipo- 
BaHHOMcocTOHHiiii b Tctenue oneiii, KopoTKoro nepnoAaBpeMemi. 3to TaiC/KC Oaua'iaCT, 
HTO CIIMBOJIbl CTpOKII M 0/1,IT (j) III L II }) V I0TCM B TOM >KC MeCTe, I'AC XpaHHTCH, HO CKOpOCTb 

oiiepaiill ii bcc paBHO icoiic'iiia, TaK hto npn6eraTb k hum acejiaTCJibiio nopeace. 

Knacc SecureString peajni3yeT KHTepcJiciic IDisposable, CAyacaniHH ajih HaAeacHoro 
yHHHToaceHHH ko 11c})ii/ic11Hua./ii>iioii iiinjiop.Maniiu, xpaHiiMoii b CTpoKe. KorAa npn- 
,'ioaceiin io 6o. ii, me He HyacHO xpaHHTb icoik})ii/iciii tiia. i i>i iv 10 CTpoKOByio iiiitjiopManuio, 
AOCTaTOHHO Bbi3BaTb mctoa Dispose Tiina SecureString hah ncnoAb30BaTb .oicie.vniAnp 
SecureString b KOHCTpyKirini using. BHyTpeHHHH peaAii3an,iiH Dispose ooiivahct co- 
AepaciiMoe 6ycJ)epa naMHTH, hto6h npeAOTBpaTHTb AOCTyn nocTopoHHero koaa, h toabko 
nocAe aToro 6y4>ep ocBo6oacAaeTCH. 06beKT SecureString coAepacHT BHyTpeHHini 
o6beKT KAacca, npoii3BOAHoro ot SafeBuffer, b kotopom xpaHHTCH caMa CTpoKa. Kaacc 
SafeBuffer HacaeAyeT ot KAacca CriticalFinalizerObject (cm. raaBy 21), hto ra- 
paHTiipyeT bh30b MeTOAa Finalize nonaBHiero b pacnopaaceHiie y6opmiiKa Mycopa 
o6beKTa SecureString, o6HyAeHiie CTpoKii h nocAeAyiomee ocBo6oacAeHHe oyifiepa. 
B OTAHHHe ot o6beKTa String, npn yiiirnoaceiiiiu o6beKTa SecureString chmboah 
aa 111 u c))])(> 11a 1111 o ii CTpoKii b naMHTH He ocTaiOTCH. 

Tenepb, KorAa bh 3HaeTe, KaK C03AaBaTb h H3MeHHTb o6t,ckt SecureString, moacho 
noroBopiiTb o ero iicnoAb30BaHHii. K coacaAeHino, b iiocjiCAiicii BepciiH FCL noAAepac- 
Ka KAacca SecureString or])aiin' ici la — BepHee, mctoaois, npiiHiiMaiomHx napaMeTp 
SecureString, O'lem, HeMHoro. B Bepcim 4 n 1 1 ())|)3<:"ipyKiyp i>i .NET Framework nepe- 
AaTb SecureString b KanecTBe napoAH moacho: 

□ npn pa6oTe c KpiinTorpacjmHecKiiM npoBaiwepoM (Cryptographic Service Provider, 
CSP) cm. KAacc System.Security.Cryptography.CspParameters; 

□ npn co3AaHini, imnopTe hah aiccnopTC cepTHcjniKaTa b (jiop.viaTc X.509 cm. KAaccbi 

System.Security.Cryptography.X509Certificates.X509Certificate h System. 
Security.Cryptography.X509Certificates.X509Certificate2; 

□ npn 3anycKe hoboto npopecca noA onpeACACHHOii yneTHoii 3amicbio noAb30BaTejiH cm. 
KAaccbi System.Diagnostics.Process nSystem.Diagnostics.ProcessStartlnfo; 
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□ npn opraHH3aijHH hoboto ceaHca 3aniicn acypHajia co6hthh cm. K/iacc System. 
Diagnostics.Eventing.Reader.EventLogSession; 

□ npii iicnojib30BaHmi sjieMeHTa ynpaBjicmm System. Windows. Controls. Pas sword Box 
cm. KJiacc CBoiicTBa SecurePassword. 

I [aiaiiicii, Bbi MO/iccic co.3/i,aiiaTP) co6cTBeHHbie Mero/ibi, npiiHHMaiomiie b Ka'iecnsc 
apryMCHTao6bCKT SecureString. B mcto/p,c Ha/1,0 3a,a,eHCTBOBaTb o6beKT SecureString 
jum co3/iaHHH 6ycjiepa HeynpaBJineMoii naMHTii, xpaHamero pacmiicjipoBaHHbie ciimbojim, 
jsp iicnojib30BaHHH 3Toro 6ycjiepa b Mero/ie. Hto 6 h coKpaTHTb ro MiiHirnyMa BpeMCHHoe 
<<okho» /(OCTyna k KOHcjiH/i,eHLtiiajibHbiM //aHHbiM, Bam kojx AO/iaceH o6pamaTbCH k pac- 
IHIIcjipOBaHHOH CTpOKe MIIHHMajIbHO H03M0'/K'II0C BpCMH. IloCJie IlCIIO. Ib.'SOliaimM CTpOKII 
c/ie/iyeT KaK mojkho CKopee o6HyjiiiTb 6ycjiep h ocBo6o/i,iiTb ero. Hiucor/ia hc pa3MemaiiTe 
co/tep/KHMoe SecureString b rane String — b 3tom cjiynae He3amncjipoBaHHaH CTpoKa 
Haxo/i,HTCH b Kyac h He 0611V./1MCTCM, noKa naMHTb He 6 v/i,ct 3a/i,eHCTBOBaHa noBTopHO 
noc/ie y6opKii Mycopa. K/iacc SecureString He nepeonpe/iejifleT mcto/p, ToString cne- 
mia. ; ibi[() — 3 to iiv/K'iio iipe/tOTbpamemiH pacKpbiTiui KOHiJiH/ieHiiHajibHbix /i,aHHbix 
('no MoaceT npoii3oiiTH npii npeo6pa30BaHiiii hx b String). 

Cjic/tyioiniiii npimep fleMOHCTpiipyeT HHiiu,iiajHi3au,iiK) h Hcnojib30BaHiie Secure¬ 
String (npii KOMmiJiHLuiii HyacHO yKa3aTb napaMeTp /unsafe KOMmuiHTopa C#): 

using System; 

using System.Security; 

using System.Runtime.InteropServices; 

public static class Program { 
public static void Main() { 

using (SecureString ss = nep/\i SecureString()) { 

Console.Write("Please enter password: "); 
while (true) { 

ConsoleKeylnfo cki = Console.ReadKey(true); 
if (cki.Key == ConsoleKey.Enter) break; 

// npucoeflkiHUTb cnMBOiibi napo/in b KOHep SecureString 
ss.AppendChar(cki.KeyChar); 

Console.Write("*"); 

} 

Console.WriteLine(); 

// naponb BBefleHj OTo6pa3MM ero fl/ia fleMOHCTpaunoHHbix pe/ieii 
DisplaySecureString(ss); 

} 

// noc/ie 'using' SecureString o6pa6aTbiBaeTCfi MeTOflOM Disposed, 

// nOSTOMy HMK3KHX KOH(|)MfleHpnanbHblX fla HHbIX B naMRTM HeT 

} 

// 3tot MeTOfl He6e3onaceH, noTOMy mto o6pamaeTca k HeynpaB/ineMoii naMRTin 
private unsafe static void DisplaySecureString(SecureString ss) { 

Char* pc = null; 
try { 

// flewM(t>poBaHMe SecureString b 6y<j)ep HeynpaB/ineMOki naMfiTM 


npodojiwemie # 



402 QiaBa 14. CnMBOJibi, ctpokh n o6pa6oTKa TeKCTa 


pc = (Char*) Marshal. SecureStringToCoTaskMemllnicode(ss); 

// flocTyn k 6y<|)epy HeynpaB/iaeMofi naMBTMj 
// KOTopbifi xparnuT Aeuin<t>poBaHHyK) Bepcmo SecureString 
for (Int32 index = 0; pc[index] != 0; index++) 

Console.Write(pc[index]); 

} 

finally { 

// 06ecneHMBaeM o6Hy/ieHne w ocBo6o)KfleHne 6y4>epa HeynpaB/iaeMoii naMATM, 

// KOTopbifi xpaHUT pacwn<j)poBaHHbie cMMBO/ibi SecureString 
if (pc != null) 

Marshal.ZeroFreeCoTaskMemUnicode((IntPtr) pc); 

} 

} 

} 

Knacc System.Runtime.InteropServices .Marshal npenocTaBjiaeT 5 mctoaob, 
KOTopbie cuyacaT aah pacmntjipoBKii chmbojiob SecureString b 6ycj)ep HeynpaBJiaeMoii 
naMHTii. BeeMeTOAbi, 3ancKJiiOHeHiieMapryivreHTaSecureString, CTaTiraecKiie h B03Bpa- 
maiOT IntPtr. y KaacAoro Merona ecTb CBH3aHHbiii mctoa, KOTopbiii HyacHO o6a3aTejibHO 
Bbi3biBaTb o6HyjieHiia h oci!o6o>K;i,emiH BHyTpeHHero 6ycj)epa. B Ta6n. 14.4 npn- 
BeAeHbi MeTOAbiKJiacca System. Runtime. InteropServices .Marshal, Hcnoiib3yeMbie 
/yia pacuiH(J)poBKH SecureString b 6ycf)ep HeynpaBJiaeMoii naMHTii, a Taicace CBH3aHHbie 
MetoAbi aah o6HyAeHiia h ocBo6oacAeHiiH 6ycj)epa. 


Ta6/imia 14.4. MetOAbi icnacca Marshal Ana pa6ofbi c 3amuLueHHbiMn ctpoKaMM 


MeTOfl pacLunctpoBKn SecureString 
b 6y<(>ep 

MeTOfl oSHyneHun n ocBoSoxcfleHnn 6y4>epa 

SecureStringToBSTR 

ZeroFreeBSTR 

SecureStringToCoTaskMemAnsi 

ZeroFreeCoTaskMemAnsi 

SecureStringToCoTaskMemUnicode 

ZeroFreeCoTaskMemUnicode 

SecureStringToGlobalAllocAnsi 

ZeroFreeGlobalAllocAnsi 

SecureStringToGlobalAllocUnicode 

ZeroFreeGlobalAllocUnicode 




Tiaea 15. nepeniic/iiiMbie Ti/mbi 
ii 6nTOBbie 4>/iam 


I IcpcnicjiiiMbic Ti-inbi 11 diiTOBbie cjiaam iio/mcpacimaiOTca b Windows /prime roam, 
nooTOMy a yBepeH, uto MHorae H3 Bac yace 3HaKOMbi c mx npiiMeHemieM. Ho no- 
iiaciOMmcMy o6'b(‘irmo-o|)iiem ii|)()Bamii.iMn nepemicaiiMbie Timbi h Shtobijk; (ji./iani 
CTaHOBHTca b o6)ii[CM 3 bii«iiioii iicno./mmomcM cpc;i,c (CLR) h 6 h 6 . ; ihotcicc KJiaccoB .NET 
Framework (FCL). 3/i.ecb y mix iiomimmiotcm iiHTepecHbie B03M0acH0CTii, KOTopbie, no- 
aaraio, mhooim paapaoor't 11 ica.vi noKaHeii3BecTHbi. Mena npiiHTHO y/piBHao, HacKOJibKO 
6aaro/i,apa othm HOBmecTBaM, o kotopmx, co6cmemio, h imeT pa3roBop b stoh raaBe, 
MoacHO odaeraiiTb pa3pa6oTKy npiiaoacemm. 


nepenucjiuMbie Tunbi 

IlepeuucjiUMbiM (enumerated type) Ha 3 biBaiOT Tim, b kotopom oniicaH Hadop nap, co- 
CToamnx 113 ciiMBoabHbixHMeH h 3iiaHCHiiH. /[aaeenpimc/icn Tim Color, oiipe/ip./miomitii 
coBOKynHOCTbHfleHTinjDHKaTopoB, Kaac/i,biii 113 KOTopbix 06031 laaaer oiipc/avieiiiibiii iusct: 

internal enum Color { 

White, // npucBanBaeTcn 3HaieHue 0 
Red, // npucBanBaeTcn 3HaieHne 1 
Green, // npucBanBaeTcn 3HaaeHne 2 
Blue, // ripucBanBaeTcn 3HaaeHue 3 
Orange // npucBanBaeTcn 3HaaeHne 4 

} 


Koiicaim, b nporpaMMe MoacHO bmccto White HamicaTb 0 , bmccto Green — 111 t. j\. 
O/liiaKo nepeuiicjiiiMbiii Tim Bce-TaKii ay a me acecTKO .'sayamibix b iicxoahom ko;i,c uiic- 
aoBbix 3 HaueHHH no Kpaimeii Mepe no /my.vt npimimaM. 

□ nporpaMMy, r;i,e iiciioabayiOTCM nepenucjiuMbie Tirnbi, npome HanucaTb h nomiTb, 
a y pa 3 pa 6 oTmiKOB B 03 miKaeT MeHbme ii|)o 6 .;ie.\i c ee conpoBoacnemieM. CiiMbo. ib- 
Hoe iimh nepemicjiiiMoro Tima npoxoniiT aepea Becb icon, h 3 amiMajiCb to atiioii, to 
npyroii nacTbio nporpaMMbi, nporpaMMHCT He ooaaaii noMHiiTb anaaemic icaac/ioi o 
<< 3 amiiToro» b Kojxe anaaeima ('no White paBeH 0 , a 0 o.maaacT White). Ecaii ace 
micaoBoe aiiauctmc ciiMBoaa no'ic.vty-aiido ii 3 Memiaocb, to HyacHO Toamco nepe- 
KOMmianpoBaTb Hcxo/pmm icon, He H 3 MeHHH b ne.vi hii 6 yKBbi. KpoMe Toro, paooraa 
c HHCTpyMeHTaMH noKyMeHTupoBamm h npyrriMii yTiiaiiTaMii, TaKHMH Kaic OTaa/minc, 
nporpaMMHCT biiuht ocMbicaeHHbie ciiMBoabHbie n.viena, a He pncjipbi. 
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□ 11cpc ( i uc./[ n m i>ic Timbi no/iBepraiOTCH CTporoft npoBepKe TimoB. Hanpimep, KOMmuia- 

Top coo6iuht 06 onm6Ke, ccji 11 b lartecTise aipa'PcmiM h nonbiTaiocb nepeAaTb mctoav 

Tim Color .Orange (opaHaceBbifi nisei), Korna mctoa oacnnaeT nepenHCAimbiii ran 

Fruit (4>pyKT). 

B CLR nepenncjiHMbie rum.i — sto iic npocTO u/i,eimi())iiK'aTopP)i, c KOTopbiMii imeeT 
ACao KOMrouiHTop. nepemicjiiiMbie ranbi nrpaiOT Baaoiyio pojib b cucTeMe TimoB, Ha hiix 
B 03JiaraeTca pememie omciiij cepbe3Hbix 3a, , i,a i i, npocTO HeMbicjniMbix p,jia nepemicjniMbix 
TimoB b Apyrux cpeAax (Hanpimep, b HeynpaBjiaeMOM H3biKe C++). 

KaacAbifi nepemiCAimbiii Tim Hanpimyio HacaeAyeT ot THna System. Enum, npoii3- 
BOflHoro ot System.ValueType, a tot, b cboio onepeAb, — ot System.Object. H 3 stoto 
c/icavct, hto nepemicaimbie Timbi othochtch k aiiaaiiMbiM TimaM (cm. raaBy 5) 11 MoryT 
BbiCTynaTb KaK b HeynaKOBaHHOii, TaK h b ynaKOBaHHOii (jiop.viax. O/uiaico b OTjiimiie 
ot Apyrnx 3HamiMbix TimoB, y nepenHcaimoro rana He moacct 6biTb mctoaois, cbohctb 
h co6biTHH. BnponeM, KaK bbi vishahtcb Komienaimon raaBbi, iia.m'iiic MeTonay nepe- 
niicjiiiMoro THna MoacHO HMHTHpoBaTb npii noMomii Mexami3Ma Memodoe paciuupemia 
(extension methods). 

IIpii KOMnHjiHitHH nepemicjiiiMoro THna ko.m ip 11./1 atop C# npeBpamaeT icaac/tbiii 
H/ieHTiKjiiiKaTop b KOHCTaHTHoe none THna. Hanpimep, npenbinymee iicpcpnc./iciiin' 
Color KOMmuiHTop bhaht npimepHO TaK: 

internal struct Color : System.Enum { 

// fla/iee nepeHnc/ieHbi OTKpbiTbie KOHCTaHTbi, 

// onpeflenniomne cnMBonbHbie rnvpeHa n 3HaneHna 
public const Color White = (Color) 0; 
public const Color Red = (Color) 1 ; 
public const Color Green = (Color) 2; 
public const Color Blue = (Color) 3; 
public const Color Orange = (Color) 4; 

// fla/iee HaxoflnTcn OTKpbiToe none 3K3eMnnapa co 3HaneHneM nepeMeHHoii Color 
// Kofl c npflMoPi ccbi/iKon Ha btot 3K3eMn/inp HeB03M0>KeH 
public Int32 value_; 

} 

OAHaKO KOMmiAHTop C# He 6yAeT odpadaTbiBara TaKoii koa, noTOMy hto oh He 
pa3pemaeT onpeACAHTb Timbi, npoiOBOAHbie ot cnen,iiajibHoro THna System. Enum. 3to 
iiccn/i,0()iipcAC. : ieiiiic Bcero Aiimb ACMOHCTpupyeT BHyTpeHHioio cyTb nponcxoAnmero. 
B odmeM-TO, iiepcpiicjiHMp>iii THn — sto odbiHHaa CTpyKTypa, BHyTpn KOTopoii onucaH 
Hadop KOHCTaHTHbix plo.acii 11 oaho ::)i(3C.viii. : iM|)iioc 110 . 1 c. KoHCTaHTHbie nojin nonaAaiOT 
b MCTaAaHHbie cdopKii, OTKyAa hx moacho iiaisACii, c noMombio Mexami3MaO'lpaacciiiia. 
3 to oaiia'iacT, 'no b nepnoA isiiiiio. iiieiiiiM moacho ppojiv n pt p p>B ee uacii'i ik))HK aTopbi 11 hx 
3HaHemiH, CBH3aHHbie nepeniiCAimbiM TimoM, a TaKace npeo6pa30BaTb CTpoKOBbiii hach- 
TiicjniKaTop b 3KBiiBajieHTHoe eMy 'PiiCAoiioe .iiia'icmic. 3 th onepan,iiii 1 ipe/LOCTiui./peip p>i 
6a30BbiM ranoM System. Enum, KOTopbiii npeAAaraeT CTaranecKiie h 3pci e m 1 p./ p n ]) 111 > 1 0 
MeTOAbi, Bbinojimnomne cnen.ua jibHbie onepan,iin HaA 3icscMii.iMpa.vtn ipcpcihcjihm bix 
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THnoB, H 36 aBjiHH Bac ot iico6xoah mocth Hcnojib 30 BaTb OTpaaceHHe. MbI nOrOBOpHM 
o hhx rio/tpooiio Myi b iio3>kc. 

BHMMAHME 

OnucaHHbie nepennc/inMbiM TunoM chmbo/ih hbjihiotch KOHCTamaMn. Bcipenaa b KOfle 
CHMBoannecKoe nepeHnc/inMoro Tuna, KOMnwiHTop 3aMeHaeT ero unc/iOBbiM 3Ha- 
neHneM. B pe3yabTaie onpeAe/iaramaa nepenucauMbiCi Tun cSopKa MOxeT 0Ka3aTbca He- 
HyxHoPi bo BpeMa Bbino/iHeHwt Ho ec/in b KOfle npncyTCTByeTCCbi/iKa He HaonpeAe/ieHHbie 
nepeHMC/iMMbiM thiiom ctiMBOiiwHecKi/ie HMeHa, a Ha caM Tun, npncyTCTBwe c6opkh Ha 
CTaAHM BbinojiHeHMa 6yAeTo6a3aTe/ibHbiM. To ecTb B03HHKaeT npoOneMa Bepcnii, CBH3aH- 
Haa CTeM, hto chmbo/iw nepeHnc/iMMoro Ti/inaaBJiaiOTCH KOHCTaHTaMn, a He 3HaHeHMaMM, 
npeAHa3HaneHHbiMn raribKO abh HTeHtia. 3ta TeMa noAPo6HO ocBeiASHa b maBe 7. 


K npiiMepy, /pia Tima System. Enum cymecTByeT CTaTHHCciow mctoa GetUnderlyingType, 
a aj ih THna System .Type — 3K3CMnAiipHbiii mctoa GetEnumUnderlyingType: 

public static Type GetUnderlyingType(Type enumType); // OnpefleneH 

// b Tune System.Enum 

public Type GetEnumUnderlyingType(); // Onpeae/ieH b Tune System.Type 

06a 3THX MeTOAa B03Bpamai0T 6a30Bbrii Tim, ncnoAb3yeMbni aah xpaHCimiT aiianciiim 
iiepe'iiic.TiiMom Tima. B ochobc jno6oro iiepeMiiCAenim aokht o/iini 113 ochobhmxti-iiiob, 
HanpHMep byte, sbyte, short, ushort, int (hmchho oh iicnojib3yeTCH b C# no yMOJi- 
■lamno), uint, long h ulong. Bee sth npiiMiiTiiBHbie Timbi C# h.yktot aiia./iom b FCL. 
O/uiaKo KOMim.iinop C# nponycTHT TOAbico npHMHTHBHbiH Tim; 3aAaHiie 6a30Boro 
KAacca FCL (Hanpimep, Int32) npimeAeT k coo6meHiiio 06 omn6Ke (omn6Ka CS1008: 
OKHAaeTCH Tim byte, sbyte, short, ushort, int, uint, long hah ulong): 

error CS1008: Type byte, sbyte, short, ushort, int, uint, long, or ulong expected 

Bot KaK AO.T/Kno BbirAHAOTb Ha C# oO'bMis.Tcmie nepemiCACHim, b ocHOBe KOToporo 
ackht THn byte (System. Byte): 

internal enum Color : byte { 

White, 

Red, 

Green, 

Blue, 

Orange 

} 

Ecah nepenHCAeHHe Color onpeAeAeHO hoao 6 hhm o6pa30M, mctoa 
G etUnderlyingType BepHeT CACAViomiiii pe3yAbTaT: 

// 3Ta CTpoxa bnboamt "System.Byte" 

Console.WriteLine(Enum.GetUnderlyingType(typeof(Color))); 

KoMmiAHTop C# cniriae r nepemiCAiiMbie Timbi npHMHTHBHbiMH, noaTOMy a a a 
onepau,nii c hx 3K3eMnAHpaMii 1 i])ii .vumis-iiotcm y>i<e 3HaK0Mbie HaM onepaTopw (==, ! =, 
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<, >, <=, >=, +, A , &, |, ~, ++ m —). Bee ohh npiiMeHjnoTCH k iiojiio value_3K3eMiuiJipa 

nepenHCJieHHH, a komiihjihtop C# /lOiiycKacT npursc/icunc 3K3eMiuiJipoB oahoto nepe- 
Muc.'THMoro Tuna k /[.pyro.viy. Taicace noA/tepacHBaeTca HBHoe n ncamme npnBC/icunc 
K HHCJIOBOMy THny. 

14m(‘h ni lii iica 3K3eMnjiap iiepctucjiuMOi'o Tuna moacho cnaaaTb co ctpokobmm i ipcyy- 
CTaBjieHHCM — ;iyia .otofo c./icavct Bbi3BaTb ToStning, yiiac./ie/i,OBaimi.i!i ot System. Enum: 

Color c = Color.Blue; 

Console.WriteLine(c); // "Blue" (06mnii <|)opMaT) 

Console .Writel_ine(c .ToString()); // "Blue" (06mnii <j)opMaT) 

Console .Writel_ine(c .ToString( "G")); // "Blue" (06mnii <j)opMaT) 

Console.WriteLine(c.ToString( "D")); // "3" (flecATMMHbiii (JiopMaT) 

Console.WriteLine(c.ToString("X")); // "03" (UecTHafluaTepMMHbin (jjopMaT) 


nPMMEHAHME 

ripu pa6oTe c LuecTHaAuaTepuuHbiM (JjopMaTOM mgtoa ToString BcerAa B03BpaiAaei 
nponucHbie 6yKBbi. KonnnecTBO B03BpaiASHHbix pucjap 3aBucnT ot Tuna, nexaiAero 
b ocHOBe nepenuc/ieHua. flan tmitob byte/sbyte — 3to Aae pncjrpbi, abb tmiiob short/ 
ushort — neTbipe, abb Ti/inoB int/uint — BOceMb, a abb TnnoB long/ulong — CHOBa Aae. 
flpu HeobxoAUMOCTM AobaB/iaiOTca BeAyiAue Hy/in. 


ITomiimo MeTOAa ToStning thii System. Enum npeA-aaraeT CTaTiraecKHH mctoa Format, 
cjiyacamnii /iyia (jiopMaTHpoBamiH .inaneimA nepeAHCJiiiMoro Tima: 

public static String Format(Type enumType, Object value. String format); 

B o6meM ciiynae MeTOA ToStning TpeSyeT MeHbinero o6beivra KOAa ii npome b Bbi30Be. 
C Apyroii ctopohm, MeTOAy Format MoacHO nepe^aTb uncjioiioe .aiiancriHC b Kancc/nic 
napaMeTpa value, Aaaceecmi y Bac OTcyTCTByeT 3K3eMruiJipnepeAHCJiemm. I [aiipu.viep, 
3 tot koa m.iiscACT CTpoKy "Blue": 

// B pe3ynbTaTe BbiBOflMTCB CTpoxa "Blue" 

Console.WriteLine(Enum.Format(typeof(Color), 3, "G")); 


nPMMEHAHME 

Moxho obbBBMTb nepeHucneHue, pa3BHHHbie mAeHTn<£>ni<aTopbi xoToporo MMeiOT oau- 
HaKOBoe Hi/iCBOBoe 3HaHeHue. B npopecce npeo6pa30BaHua HncnoBoro 3HaHeHi/in b cum- 
bob nocpeACTBOM obiAero ct>opMa™poBaHi/in MeTOAbi Tuna BepHyr oauh n3 cumbobob, 
npaBAa, Heu3BecTHO KaxoFi. Ecbu cooTBeTCTBnn He obHapyxuBaeTca, B03BpaLuaeTCB 
Ctpoxa C HMCBOBbIM 3HaneHneM. 


CTaTHHecKiiii mctoa GetValues THna System. Enum h mctoa GetEnumValues 3 K 3 eM- 
rurapa System .Type co. 3 /i,aiOT MacciiB, ruie.vtenTaMii KOToporo crano batch ciiMBOJibHbie 
HMeHa nepeAHCJieHiiH. H KaacAbiS saeMeHT coAepaciiT cooTBeTCTByiomee micaoBoe 


3HaAeHiie: 
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public static Array GetValues(Type enumType); // OnpeaeneH b System.Enum 
public Array GetEnumValuesQ; // OnpeaeneH b System.Type 

3 tot mcto/i, BMecTe c mcto/i,om ToString no 3 BOjiaeT bmbccth bcc h/iciitik}) nicaro])r>i 

H 'U1C.TOm.IC 31 laHCHITTI IICpC'IHC.TCHIUi: 

Color[] colors = (Color[]) Enum.GetValues(typeof(Color)); 

Console.WriteLine("Number of symbols defined: " + colors.Length); 

Console.WriteLine("Value\tSymbol\n-\t-"); 

foreach (Color c in colors) { 

// BbiBOflnM Kaxflbm ufleHTn<j)HKaTOp B flecBTUMHOM n o6uieM c|)opMaTax 
Console.WriteLine("{ 0 ,5:D}\t{0:G}", c); 

} 


Pe3yjibTaT hi>i11 o. ii ici inci ./no to Kona iiiu iviti/lh i Taic: 

Number of symbols defined: 5 
Value Symbol 


0 White 

1 Red 

2 Green 

3 Blue 

4 Orange 

JIu'iiio MHe mcto/i,i.i GetValues h GetEnumVal He iipam-ncM, noTOMy u ro ohii bo 3 - 
BpamaiOT o 6 - beKT Ar ray, KOTopbifi npiixo/LHTCH npeo 6 pa 30 BbiBaTb k cooTBeTCTByiomeMy 
THny MaccHBa. H Bcerna oiipc/ic/mio co 6 cTBeHHbiii mcto/i,: 

public static TEnum[] GetEnumValues<TEnum>() where TEnum : struct { 
return (TEnum[])Enum.GetValues(typeof(TEnum)); 

} 

06 o 6 meHHbiii mcto/i, GetEnumValues y.TyiiiiacT 6 e 3 onacHOCTb TimoB Ha cra/p-i it 
KOM nHjuniHH h ynpoipaeT nepByio CTpoKy Kona b npe/i,bmymeM npHMepe no c/ienyio- 
mero BHua: 

Color[] colors = GetEnumValues<Color>(); 

Mh paccMOTpe/iii HeKOTopwe iiHTepecHbie oncpaninp npiiMemiMbie k nepeuncjiiiMbiM 
THnaM. Ilojiaraio, tio noKa 3 biBaTb CHMBO/ibHbie HMeHa ./ijicmcutois no/ib 30 BaTe/ibCKoro 
HHTepcjieHca (paciqii.iisaioinuxcTi chhckob, noneH co cithckom h t. n.) name Bcero bm 
6 v/|CTC c noMOHibio mcto/pi ToString c Hcnojib 30 BaHiieM oomem (jiop.Maxa (cc.tit bhbo- 
/LIIMbie CTpOKH HC Tpe 6 yiOT JI 0 KajIII 3 aiLHH, KOTOpaH 11 C nO/mepaCIIBaeTCH nepeHIICJIHMbIMII 
THnaMn). IIomhmo MeTOna GetValues, ranbi System. Enum h System. Type npe/LOCTaB- 
jihiot eme /uia mcto/pi/ yia nojiyucuifM CHMBO/niuecKHx u.vicn ncpcuic/uiMi.ix tuiiois: 

// Bo3BpamaeT CTpoKOBoe npeflCTaBneHue nncnoBoro 3HaHeHMH 

public static String GetName(Type enumType, Object value); // OnpefleneH 

// b System.Enum 

public String GetEnumName(Object value); // OnpefleneH b System.Type 
// Bo3BpamaeT MaccnB ctpok: no oflHoti Ha Kaxfloe 

npodojincenue & 
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// CMMBO/lbHOe MMfl M3 nepeHM C/ieHMH 

public static String[] GetNames(Type enumType); // Onpene/ieH b System.Enum 
public String[] GetEnumNames(); // OnpefleneH b System.Type 

MbI paCC.V10Tpe.TI1 HeCKOJIbKO MCT'0/l,0li, ll0.3li().THI0IUI1X HaHTH CT1.\IB().TI1'fCCK0C IIMH 

(hjih iineHTiicjiiiKaTop) nepemicjiimoro Tima. OflHaico HynceH eme n mcto/i onpe/ie/ieHiiH 
ana’iCHHM, cooTBCTCTByiomero iineHTiicjiiiKaTopy, Hanpimep, BBO/iHMOMy nojib30BaTejieM 
b TeKCTOBoe none. IIpeo6pa30BaHHe imeHTiicjiiiKaTopa b 3K3eMnjiap nepemic/nmoro Tima 
jierKO pca.TH.aycTCM CTani'iccKTiMii MCTO/i,a.viiT Parse h TryParse Tima Enum: 

public static Object Parse(Type enumType, String value); 

public static Object Parse(Type enumType, String value. Boolean ignoreCase); 
public static Boolean TryParse<TEnum>(String value, 
out TEnum result) where TEnum: struct; 
public static Boolean TryParse<TEnum>(String value. 

Boolean ignoreCase, out TEnum result) 
where TEnum : struct; 

IIpiiMep Hcnojib30BamiH ;i,aiiiibix mcto;i,oi!: 

// TaK KaK Orange onpeae/ieH KaK 4, 'c' npucBanBaeTcs 3HaieHMe 4 
Color c = (Color) Enum.Parse(typeof(Color), "orange", true); 

// TaK KaK Brown He onpeneneH, reHepMpyeTca MCK/noneHne ArgumentException 
c = (Color) Enum.Parse(typeof(Color), "Brown", false); 

// Co3flaeTcfi 3K3eMn/ifip nepeHMC/ieHMB Color co 3HaHeHMeM 1 
Enum.TryParse<Color>("l", false, out c); 

// Co3flaeTcfl 3K3eMn/ifip nepeHMc/ieHMB Color co 3HaHeHne 23 
Enum.TryParse<Color>("23", false, out c); 

HaKOHeii, paccMOTpHM CTaniMCCKTiii mcto/i, IsDefined THna Enum h mcto/i IsEnum- 
Def ined Tima Type: 

public static Boolean IsDefined(Type enumType, Object value); // OnpefleneH 

// b System.Enum 

public Boolean IsEnumDefined(Object value); // OnpefleneH b System.Type 

C HX IIOMOlUblO Olipe/IC/lllCTCll /(OnyCTHMOCTb 'IHC.TOISOI'O 3IiaHCHII>T /pifl ,131111010 
l[CpC'lHC.;KTIIlH: 

// BbiBOflMT "True", TaK KaK b nepeuMcneHMM Color 

// MfleHTMcjiMKaTop Red onpene/ieH KaK 1 

Console.WriteLine(Enum.IsDefined(typeof(Color), 1)); 

// BbiBOflMT "True", TaK KaK b nepenMc/ieHMM Color 
// MfleHTMcJiMKaTop White onpefleneH KaK 0 

Console.WriteLine(Enum.IsDefined(typeof(Color), "White")); 

// BbiBOflMT "False", TaK KaK Bbino/iHfleTCfi npoBepKa c yneTOM perncTpa 
Console.WriteLine(Enum.IsDefined(typeof(Color), "white")); 

// BbiBOflMT "False", TaK KaK b nepenMC/ieHMM Color 

// OTcyTCTByeT MfleHTM(|)MKaTop co 3HaneHMeM 10 

Console.WriteLine(Enum.IsDefined(typeof(Color), (Byte)10)); 

M cto/i IsDef ined nacTO iicnojib3yeTCH /yi h npoBepicii napaMeTpoB. Hanpimep: 

public void SetColor(Color c) { 

if (!Enum.IsDefined(typeof(Color), c)) { 
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thnow(new ArgumentOutOfRangeException("c", c, "Invalid Color value.")); 

} 

// BaaaTb MBeTj xax White, Red, Green, Blue non Orange 

} 

Ee3 no/toonoii npoBepKi-i He oSoirracb, noTOMy tio nojib30BaTejib biio. me mo>kct 
BbI3BATb MCTO/I, SetColor BOT TAKHM CnOCo6oM: 

SetColor((Color) 547); 

TaK KaK cootisctct m-ie Hiicjiy 547 b nepeanc/iemni OTcyTCTByeT, mcto/i, SetColor 
reHepupyeT mckxtohchhc ArgumentOutOfRangeException c miffiopMaTiHCH o tom, rcai-coif 
napaMeTp ikmoiivcthm h iioae.Mv. 

BHMMAHME 

ripw BceM yAoOcTBe MeTOAa IsDefined npmvieHnTb ero caeAyeT c ocTopoxHOCTbio. Bo- 
nepBbix, oh BcerAa BbinoaHaeT noncx c yaeTOM perwcTpa, BO-BTopbix, padoTaeT KpafiHe 
MeAaeHHO, Tax xax b HeM wcnoab3yeTcn OTpaxeHwe. CaMOCToaTeabHO HanwcaB koa npo- 
BepxM B03M0XHbix 3HaaeHnfi, Bbi noBbicme npon3BOAHTeabHOCTb CBoero npwaoxeHwa. 
KpoMe Toro, MeTOA paboiaeT raabKO Aan nepeancawMbix tmitob, onpeAeaeHHbix b tow 
c6opi<e, m 3 KOTopoti oh Bbi3biBaeTca. HanpwMep, nycTb nepeawcaeHwe Color onpeAeaeHO 
b oahow c6opKe, a MeTOA SetColor — b APyrow. npw Bbi30Be mgtoaom SetColor MeTOAa 
IsDefined Bee 6yAeT pa6oiaTb, ecaw ABeT rnvieeT 3HaaeHne White, Red, Green, Blue wan 
Orange. OAHaxo ecaw b SyAyiASM Mbi AobaBMM b nepeHwcaeHwe Color u,BeT Purple, MeTOA 
SetColor HaaHeT ncnoab30BaTb Hew3BecTHoe eMy 3HaaeHi/ie, a pe3yabTaT ero pa6oTbi 
ctaHet HenpeACKa3yeMbiM. 


I laiioc.TC/i,oK' yiio.M ahc.m Ha6op cra'iiiacc khx mctoaob ToObject aina System. Enum, 
npeo6pa3yiomiix 3K3eMnjBipbi Tima Byte, SByte, Intl6, UIntl6, Int32, UInt32, Int64 
hjih UInt64 b ::)K.3C.vni.TM|)i,i nepeHiicjiiiMoro Tima. 

IlepeHHCAHMbie titi ii)i BcerAa npHMemnoT b coac'iamm c ApyniM thiiom. 06mhhoiix 
H cnojib3yiOT b KaaecTiie napaMeTpoB mctoaob hjih B03BpamaeMbix TiinoB, cbohctb hjih 
rlo./reii. L lacio B03HiiicaeT Bonpoc, rAe ayniie onpexe.THTb HcpeaiicjiHMbiii Tim: BHyTpn 
hah Ha ypoBHe toto Tuna, KOTopoMy oh TpeoycTOi. B FCL bh yBHAHTe, tio oobiano 
nepeHiiCAiiMbiii Tim onpexe.TMCTCM Ha ypoBHe K. iacca, kotopmm oh iiciio.HcsycTCM. 3 to 
A eAaeTca npocTO /y ih toto, HTo6bi coKpaTHTb o6beM Ha6npaeMoro pa3pa6oTHincoM KOAa. 
I lo.9TO.viy npn OTcyTCTBiiH ii03.vi0/K11bix KoH(|). inmoii HMeH .lyamc oiipcACJiin c nepe- 
HHCAIIMbie Timbl Ha OAHOM ypOBHe C OCHOBHbIM ICTACCOM. 


EuTOBbie <J>/iarn 

IlporpaMMHCTbi aacTO pa6oTaiOT c Ha6opaMii 6htobmx (ji.Taroii. MeTOA GetAttributes 
Tima System. 10. File B03BpamaeT 3K3eMnjuip Tima FileAttributes. Tim FileAttrl- 
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butes HBJiHeTCH aiciCMii.'iMpoM ncpcmcjinMOi'o Tima, ocHOBaHHoro Ha Tune Int32, rpc 
Kaacp,bifi pa3paA cooTBercTByeT KaKOMy-TO aTpn6yTy dpaVuia. B FCL Tim FileAttributes 
onucaH cjieayiomHM o6pa30M: 

[Flags, Serializable] 
public enum FileAttributes { 

Readonly = 0x0001, 

Hidden = 0x0002, 

System = 0x0004, 

Directory = 0x0010, 

Archive = 0x0020, 

Device = 0x0040, 

Normal = 0x0080, 

Temporary = 0x0100, 

SparseFile = 0x0200, 

ReparsePoint = 0x0400, 

Compressed = 0x0800, 

Offline = 0x1000, 

NotContentlndexed = 0x2000, 

Encrypted = 0x4000 

} 


CnenyiomiiH (})par\iem npoBepaeT, mb.ihctcm aii cjiaiui ckpmtmm: 

String file = Assembly.GetEntryAssemblyO . Location; 

FileAttributes attributes = File.GetAttributes(file); 

Console.WriteLine("Is {0} hidden? {1}", file, ( 
attributes & FileAttributes.Hidden) != 0); 

nPMMEHAHME 

B K/iacce Enum i/iMeeTca MeTOA HasFlag, onpefle/iaeMbiFi c/ieAyiOLAHM o6pa30M: 

public Boolean HasFlag(Enum flag); 

C ero noMOLAbK) mo>kho nepem/icaTb Bbi30B MeTOAa ConsoleWriteLine: 

Console.WriteLine("Is {0} hidden? {1}", file, 
attributes.HasFlag(FileAttributes.Hidden)); 

OAHaKO h He peKOMeHAyio Mcno/ib 30 BaTb MeTOA HasFlag. fleno b tom, hto oh npMHMMaeT 
napaMeipbi Tuna Enum, a3HannT, nepeAaBaeMbie eMy 3HaHeHHH ao/okhu 6biTbynaK0BaHbi, 
hto tpeSyet Aono/iHMTejibHbix 3atpaT naMa™. 


A dtot npiiMep ACMOiiCTpiqiycT, KaK H3MeHHTb (jiaii.'iy aTpn6yTbi «TOJibKO aam mtc- 
I[II n » II «CKpbiTbiii»: 

File.SetAttributes(file, FileAttributes.Readonly | FileAttributes.Hidden); 

M 3 oimcaiui 'a Tima FileAttributes biiaho, hto, KaK npaBHjio, npn co.3;i,aimn Ha6opa 
K0M6iiHiipyeMbix Apyr c Apyro.vi 6iitobmx cjiiiaroB ncnojib3yiOT nepeHiicjiHMbie Tirnbi. 
OAHaKO HecMOTpn Ha BHenmioio cxoacecTb, nepenHCJiiiMbie Timbi cc.viain nHCCKn otaii- 
HaiOTCH ot 6iitobmx (ji./iaroii. Ecaii b nepBOM CAynae mm h mccm OTAeAbHbie HiiCAOBbie 
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.'iiia'iemiH, to bo btopom ii|)iixo/i,mcM i-iMeTb ;i,c. : io c Ha6opoM (JiaaroB, oahh H3 kotophx 
ycTaHOBJieHbi, a npyrne hot. 

Gnpe/yama iicpct hgji 11 mp>i ii ran, iipe/oiaaiia'temibiii .yia ii/yaiTii(j)mcaii,iiii 6 htobmx 
())./ iarois, Kaac/iOMy n;(cirm<|)iiicaxopy c.ic/iycT hbho npHCBOHTb HHCJioBoe a nan cm ie. 
06 hhho b cooTBeTCTByiomeM n/i,cm ii(j)ii KaTopy anano m i 11 y ct aHOBjieH imnib ojhh 6ht. 
TaKace nacTO npiixo/uiTCH BimeTb ii/ieHTiitjaiiKaTop None, SHaaemie KOToporo onpeneneHO 
KaK 0. Eiue mo5kho onpeAejiHTb n;i,cm ii()) 11 KaTopu, npeACTaBjialomne nacTO ncnojib- 
3yeMbie KOM6HHan,Hii (cm. npiniCACimbin nanee chmboji ReadWnite). Haciwncjibiio 
pcKOMCiiaycicai iipiiMeiiim, k nepenncjiHMOMy thiiv cnen;HajiH3HpoBaHHbiH aTpn6yT 
rana System.FlagsAttnibute: 

[Flags] // KoMnnafiTop C# aonycKaeT 3Ha4emie "Flags" nnn "FlagsAttribute" 
internal enum Actions { 

None = 0 
Read = 0x0001, 

Write = 0x0002, 

ReadWrite = Actions.Read | Actions.Write, 

Delete = 0x0004, 

Query = 0x0008, 

Sync = 0x0010 

} 

/(jih pa6oTbi c nepemicjiHMbiM thiiom Actions MoacHO Hcnojib30BaTb bcc .viCTO/na, 
oraicaHHbie b npeAbiaymeM pa3nejie. Xoth iiHorna B03HiiKaeT Heo6xoa,HMOCTb ii3MeHHTb 
noBeneHiie pana cjiyHKuiiii. K npimepy, paccMOTpHM koa: 

Actions actions = Actions.Read | Actions.Delete; // 0x0005 
Console.WriteLine(actions.ToStringQ); // "Read, Delete" 

Mera a ToStning 11 bnacrcM npeo6pa30BaTb ancjioiioe aiia'iemie b ero cn m no. ibiisaii 
3KBiiBajieHT. Ho y HHcaoBoro a 1 [anemia 0x0005 iict CHMBOJibHoro 3KT!iiiia./iema. Oa~ 
HaKO o6HapyacHB y THna Actions aTpH6yT [Flags], mctoa ToString paccMaTpimaeT 
>1110110606 ananemie yace KaK Ha6op 6 htobmx (jiiarois. TaK KaK 6 htm 0x0001 h 0x0005 
ycTaHOBJieHbi, mctoa ToStning cjiopMiipyeT CTpoKy "Read, Delete". Ecjih b 01 mean 1111 
rana Actions y6paTbaTpn6yT [Flags], mctoa BepHCT CTpoKy "5". 

B npeAbiAymeM pa.3AC.TC mu paccMOTpeim mctoa ToString h npiiBeim tpn cnoco6a 
(jwipMaTupobamiM n 1 , 1 x 0 , 1,11011 crpoKii: "G" (o6mHii), "D" (ACCATiiniibiii) h "X" (mecT- 
HaAiiaTepHHHbiH). OopMaTHpya aicacMiLTap i[cpc'iiic.;m.viom THna c iicno.Tboobamie.M 
o6mero cjiopMaTa, mctoaCH ananaonpeACiiHeT najin’incaTpn6yTa [Flags]. Ecjih aTpn6yT 
He yKa3aH, OTbicKHBaeTca h B03BpamaeTCJi fi/ici rrnc]i h icji iop, cooTiseTCTisyiomiiii .laimo- 
My HHCiiOBOMy ananemi 10 . 06napyacHB ace .laiiiibiii aTpnSyi', ToStning .iciicTiiycT no 
caeAyiomeMy ajiropHTMy: 

1. IiouynaeTHa6op hhcjiobmx ananciwH, oiipcACJiemibix b ncpcnifCAcmiH, h copnipycT 

HX B HIICXOAHUieM NOpiIAKC. 

2. /(jih Kaac/ioro 3HaneHHH BbinojiHHCTCH onepaunn kohmohkuhh (AND) c 3K3CMnjiHpoM 
nepenHcaemm. B cuyiac paBeHCTBa pe3yjibTaTa miciiOBOMy ananemi 10 ciinaamian 
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C HUM CTpOKa Ao6aBAHeTCH B IITOrOByiO CTpOKy, COOTBeTCTByiOmiie >Ke 6lITbI CHHTaiOT- 
ch ynemibiMii h copacbiisaiOTCM. Oiiepamia noBTopaeTCH ao 3aBepnieHiianpoBepKii 
Bcex HHCJiOBbix 3 1 ici'ici i ii li n. i ii ao c6poca Bee 6 htob 3K3eMnjiapoB nepeaHCJieHiia. 

3. Ecjih nocjie npoBepKii Bcex hhcaobmx ;j ii;i 'icir it ii 3K3eMiuiap iiepc'incaemiM Bee 
eme He paBeH i i v. i 10 , 3to 03HaaaeT iiajui'ine Hec6pomeHHbix 6 htob, kotophm He co- 
nocTaBjieHbi iiACimi(j)nicaTopbi. B stom cjiyiac mctoa B03BpamaeT hcxoaiioc a hcao 
3K3e.\iii. iM|)a iiepcmcjiemin b bitac CTpoKii. 

4. Ecjih hcxoaiioc aiia'ienHC 3K3eMnAapa iiepciHCJiemiM He paBHO Hyjiio, mctoa bo 3- 
BpamaeT Ha6op chmbojiob, pa3/i,ejieHHbix ;saiiAToii. 

5. Ecjih hcxoahmm aiia'ieiiiiCM 3K3eMnAapa i[cpe'iiicjieiniM 6 hji HOJib, a b iiepe'iiic- 
JIHMOM Time eCTb H/ieHTIKjlHKaTOp C T3KHM Slia'iemiCM, MCTOA B03Bpam,aeT 3TOT 
HfleHTH(J)HKaTOp. 

6 . Ecjih ajiropiiTM aoxoaht ao aahhoto rnara, B03BpamaeTca 0. 

I 4To6bi nojiymiTb npaBiuibHyio pe3yjibTiipyioiii,yio CTpoKy, Tim Actions moacho 
onpeAejiiiTb h 6e3 aTpnSyTa [Flags], /Jjih stotoAOCT aTOHHO yKa3aTb cjiopMaT "F": 

// [Flags] // Tenepb sto npocTO xoMMeHTapnn 
internal enum Actions { 

None = 0 
Read = 0x0001, 

Write = 0x0002, 

ReadWrite = Actions.Read | Actions.Write, 

Delete = 0x0004, 

Query = 0x0008, 

Sync = 0x0010 

} 

Actions actions = Actions.Read | Actions.Delete; // 0x0005 
Console.WriteLine(actions.ToString("F")); // "Read, Delete" 

Ecjih ancjioiioe .snane line coacpacht 6ht, KOTopoMy He cooTBeTCTByeT KaKoii-jiii6o 
HUeHTHCjlHKaTOp, B B03BpamaeM0H CTpOKe OKaaCeTCH TOJIbKO HeCHTHHHOe HHCJIO, paBHOe 
ncxoAiiOMv .iiia'iemno, h hii oahoto iiACiiTiKjiiiianopa. 

3aMeTbTe: h/i,ci line])iiuaioiiiii, KOTopbie bm onpeAejiaeTe b nepci hcjihmom THne, He 
oOMisaiibi 6biTb CTeneHbio abohkii. I [aiipii.vicp, b THne Actions moacho oimcai b hachth- 
(jjiiKaTop c HMeHeM All, HMeiomiiii .sna'ienHc 0X001F. I-’e.ay.ibTaTO.vi (jiop.MaTiipoiiamia 
3K3eMnAapa THna Actions co .siia'iemie.M 0X001F ctahct CTpoKa "All", /[pyiTix hacii- 
THCjlHKaTOpOB B CTpOKC HC 6yAeT. 

IloKa mm roBopiiAii jHiiHb o npeo6pa30BaHHii 'iiicjiobbix 31 la/iei i ii ii b CTpoKy cjwiaroB. 
OAHaKo Bbi MO/iceie laioice iio.iyniTb nucAOBoe ana'iemie ctpokh, coAepacamen pa3Ae- 
jiemiiiie 3ansiTOH HAeHTHcjiHKaTopbi, BOcnojib30BaBmHCb cicmi'iecKiiM mctoaom Parse 
THna Enum hah mctoaom Try Parse. PaccMOTpiiM sto Ha npimepe: 

// Tax xax Query onpeflenneTcn xax 8, 'a' no/iyaaeT Hana/ibHoe 3HaaeHne 8 
Actions a = (Actions) Enum.Parse(typeof(Actions), "Query", true); 
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Console.WriteLine(a.ToString()); // "Query" 

// TaK KaK y Hac onpefle/ieHbi m Query, m Read, 'a' no/iyaaeT 

// Hasa/ibHoe 3HaHeHne 9 

Enum.TryParse<Actions>("Query, Read", false, out a); 

Console.WriteLine(a.ToString()); // "Read, Query" 

// Co3flaeM 3K3eMn^ap nepe^HC/iemm Actions enum co 3HaseHneM 28 

a = (Actions) Enum.Parse(typeof(Actions), "28", false); 

Console.WriteLine(a.ToStringQ); // "Delete, Query, Sync" 

ITpii Bbi30Be MeTOAOB Parse h TryParse isi.iiio.tiimiotcm c, : ie/i,yiomiie Aciicrmi a: 

1. y.'i,a./i h iotcm Bee npo6ejibi b nauajie h KOHiie ctpokh. 

2 . Ecjih nepBMM chmboaom b CTpoKe aii. iacrcM uncjipa, 3hak <<mnoc» (+) hah 3hak 
«Mi-iHyc» (-), CTpoKa oppptactca a hc.to.vi h BosiipaiuacTca ;)K3eMii. ia|) iiepeaiicjieima, 
HHCJiOBoesira'iemu 1 KOToporo comia;i,acT c mhcjiom, iiojiv'iciiiii.im b peayAiviaTC npe- 
oopaaoiiamia ctpokh. 

3. Ilepe/uumaii CTpoKapaaoimacTCM Hapaa/iyvreimi.iea.aiiaTbiMiijieKceMbi, h yKaacAoii 

jieKceMbi yAajiHiOTCH bcc ii|X)6c.tp,i b ipa'iajie h kohhp. 

4. Bi.iiio. iipaeTCM noncK KaacAoii ctpokh JieKceMbi cpe;i,n pi/ecip i ii(})h ica io^aoi; iicpc'p picjpc- 
i i ip >i. Ecjih ciimboa HaftTH He VAacTCii , mctoa Parse reHepupyeT iinciio'ieiuie System. 
ArgumentException, a mctoa TryParse B03BpamaeT aiia'pennc false. I I pH o6Hapy- 
>kc ip itpt CHMBOiia ero 'iiicaoiioe aiia'peiinc i ivtcm aittpaoiiiapiiip (OR) ii|)iicoe;i,iiii!>ieTca 
k peayjibTHpylouieMy 3HaHeHiiio, h mctoa nepexoAHT k aHajiii3y CACAyiomero ciiMBOAa. 

5. I loc./ic ofpiiapyaceiiiia h npoBepKii bccx jickccm peay.iPviaT lioaiipainac'iCM nporpaMMe. 
EIiiKorAa He c.acAycT npiiMCiH-m, mctoa IsDefined c 1 icpea pica 11 m bp m 11 Tiiipa.vin 611- 

tobhx cjiAaroB. 3to He 6yAeT pa6oTaTb no AsyM npHAimaM: 

□ IlepeAaHHyio eMy CTpoKy mctoa hc pa36imaeT Ha OTACAbHbie ACKCCMbi, a iimeT ucaiikom, 
BMecTe c aaiPA'ibP.wii. OAHaKO b i pcpc'a picjpci i it ip He mo>icct npucyTCTBOBaTb nACimi(j)ii- 
KaTop, coAepacauiHH 3ansiTbie, a 3HanHT, pe3yAbTaT noncKa BcerAa 6yAeT HyAeBbiM. 

□ ITocac iiepe/ui'in eMy miCAOBoro anaaeima mctoa 11 pact bccto oaiihciimboa iiepcaiic- 
ahmoto THna, ana'peiinc KOToporo coBnaAaeT c nepeAaHHbiM hhcaom. / (.1 m 6htobmx 
cjiAaroB BepoHTHOCTb noAyHeHHH noAoaciiTeAbHoro pe3yAbraTa npn TaKOM cpaBHeHim 
HHHTOACHO Majia, h o6biHHO MeTOA B03BpamaeT 31pai’icipne false. 


Ao6aejieHMe MeTOflOB 
k nepenuc/iHMbiM Tunais/i 


B Hanaaie rAaBbi yace ynoMHHajiocb, tpo onpeAeAHTb mctoa KaK nacTb iicpe i Pnc.;m.\ioi () 
THna HeB03M0acH0. 3 to oipannacime yApyiaaio .vieiia b tc'iciiiic mipoitpx act, TaK KaK 
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to h aejio B03HiiKajiii CHTyaiiHH, Kor;i,a Tpe6oBanocb cw,xo;{vv\ v, nepenncjiuMbie Timbi 
MeTO/i,aMH. K ctacTbio, Tenepb ero moscho o6ohth npn noMomu otiiochtc;ii>iio hoboto 
/ yin C# Mexami3Ma Memodoe paciuupeuux (extension method), KOTopbiii noapodHO 
paccMaTpiiBaeTcn b iviane 8. 

jih /i,o6aBjieHiiH MeTO/i,OB k nepenncjiHMOMy Tnny FileAttnibutes HyacHO onpeae- 
JIHTb Cia'I H'ICCKTlii KJiaCC C MCTO/U1MI1 paemHpeHHH. /h-.'iaCTCTI 3TO CJIC/l,yiOIHI1M o6pa- 
30m: 

internal static class FileAttributesExtensionMethods { 
public static Boolean IsSet( 

this FileAttributes flags, FileAttributes flagToTest) { 
if (flagToTest == 0) 
throw new ArgumentOutOfRangeException( 

"flagToTest", "Value must not be 0"); 
return (flags & flagToTest) == flagToTest; 

} 

public static Boolean IsClear( 

this FileAttributes flags, FileAttributes flagToTest) { 
if (flagToTest == 0) 
throw new ArgumentOutOfRangeException( 

"flagToTest", "Value must not be 0"); 
return !IsSet(flags, flagToTest); 

} 

public static Boolean AnyFlagsSet( 

this FileAttributes flags, FileAttributes testFlags) { 
return ((flags & testFlags) != 0); 

} 

public static FileAttributes Set( 

this FileAttributes flags, FileAttributes setFlags) { 

return flags | setFlags; 

} 

public static FileAttributes Clear( 

this FileAttributes flags, FileAttributes clearFlags) { 

return flags & ~clearFlags; 

} 

public static void ForEach(this FileAttributes flags, 

Action<FileAttributes> processFlag) { 

if (processFlag == null) throw new ArgumentNullException("processFlag"); 
for (UInt32 bit = 1; bit != 0; bit <<= 1) { 

UInt32 temp = ((UInt32)flags) & bit; 

if (temp != 0) processFlag((FileAttributes)temp); 

} 

} 
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CjieayiomHH cjjparMCHT neMOHCTpupyeT bm30b oahoto H3 TaKiix mctoaob. KaK jierKO 
3aMeTHTb, oh BbirjiHAHT TaK, KaK m.i ivihacji 6bi bm30b MeTOAOB nepeHHCAHMoro THna: 

FileAttributes fa = FileAttributes.System; 
fa = fa.Set(FileAttributes.Readonly); 
fa = fa.Clear(FileAttributes.System); 
fa.ForEach(f => Console.WriteLine(f)); 



f/iaea 16. Macci/mbi 


MacciiB npeflCTaBJiaeT co 6 oft MexaHii3M, no3BOJiHK>miiii paccMaTpimaTb Ha 6 op aneMenroB 
KaK euimvio ko./i./ickhiiio. 06 meH 3 biKOBaH nciio. iiiaioiuaM cpena Microsoft .NET (CLR) 
no/i,/i,epacHBaeT odnoMepnue (single-dimension), MHOzoMepnue (multidimension) n w epe- 
zyjixpHue (jagged) MaccHBbi. Ea30BbiM u./ih Bcex MacciiBOB hbjihctch aocTpaicmiiiii KJiacc 
System.Array, npoH3BonHbiii ot System.Object. 3HauHT, MacciiBbi Bcerna othochtch 
k ccbuiouHOMy Tuny h pa3Mem;aiOTCH b ynpaBJineMOii Kyue, a nepeMeHHan b npiuioKemin 
conepnciiT He anc.viem hi .viaccuna, a ccbuiKy Ha MacciiB. PaccMOTpHM npuMep: 

Int32[] mylntegers; // 06bfiB/ieHne ccbmKM Ha MaccnB 

mylntegers = new Int32[100]; // Co3flaHne MaccnBa Tuna Int32 n3 100 aneineHTOB 

B nepBoii CTpoKe o6bHBjiHeTCH iiepe.vteimaM mylntegers, KOTopaa 6yneT ccbuiaTbca 
Ha oflHOMepHbiii .viaccuii ojic.vicinoH Tima Int32. Bua'ia.ie cii npiiCBaiiBaercH .ma'icmie 
null, TaK KaK naMHTb non MacciiB noKa He BbineneHa. Bo inopoii CTpoKe BbinenHeTCH 
na.viMTi) r io/l 100 aua'temm Tima Int32; h bccm iim npiiCBaiiBaeTCH iiaua./ibuoe aua'temte 0. 
IIOCKOJIbKy MaCCHBbI OTHOCHTCH K CCbUIOHHbIM TIinaM, 6.'IOK naMHTII XpaHCHIIH 100 

HeynaKOBaHHbix okscmii. imiioii Tuna Int32 BbinenHeTCH b ynpaBJiHCMOii Kyue. Booome 
roBopH, noMHMO .'wie.viem oii Maccima b stom 6.i okc paa.YiemacTCM y Kaiiaae./i a Ha ooi.ein - 
run, iiH/i,eKc 6jioKa cnnxpoHii3auim, a TaKace HeKOTopbie nonojmiiTejibHbie hjichw. Anpec 
3Toro o./ioKa naMHTii 3aHOCHTCH b nepeMeHHyio mylntegers. 

Mohcho raiOKC co3naTb MacciiBbi c .');ic.viema.\in ccia./ioniioio Tima: 

Control[] myControls; // 06bflB.neHne ccbmicn Ha MaccnB 

myControls = new Control[50]; // Co3flaHne MaccnBa n3 50 ccbmoK 

// Ha nepeMeHHyio Control 

IlepeMeHHaH myControls 113 nepBoii CTpoKii mo>kct yKa3biBaTb Ha onHOMepHbiii 
MacciiB ccbmoK Ha ::)jiCM(Tn i)i Control. Bnanane cii npiiCBaiiBaeTCH .ma'iemie null, 
Benb naMHTb non MacciiB noKa He BbineneHa. Bo BTopoii CTpoKe BbinenHeTCH naMHTb 
non 50 ccbmoK Ha Control, h Bee ohii iiHim,iianii3iipyiOTCH ,iilaneii itcm null. IIocKOJib- 
Ky Control othochtch k ccbuiouHbiM THnaM, MacciiB <})op,\mpycTCH nyTeM co3namiH 
ccbuioK, a He KaKiix-mido peanbHbix 06 'bcmois. Boanpamemibm anpec d.iOKa naMHTii 
3aHOCiiTCH b nepeMeHHyio myControls. 

Ha piic. 16.1 noKa3aHO, KaK BbirjiHnflT MacciiBbi aiianiiMom 11 ccbi. io'iiioio thhob 
b ynpaBJiHeMOii Kyic. 

Ha 3tom piicyHKe noKa3aH MacciiB Controls 1 iocne BbinojmeHiiH cnenviomux hh- 
CTpyKu,nii: 

myControls[1] = new ButtonQ; 
myControls[2] = new TextBoxQ; 

myControls[3] = myControls[2]; // flBa 3/ieMeHTa ccbmaiOTcn Ha oahh o6beKT 
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myControls[46] 
myControls[48] 
myControls[49] 


new DataGrid(); 
new ComboBoxQ; 
new ButtonQ; 


mylntegers 


Pmc. 16.1. MaccHBbi 3HaHMMoro m ccbmoHHoro twiob b ynpaBnaeMoti Kyie 

CoraacHO o6meH3biKOBOH ciicnii())iiKaniin (CLS), HyMeparpiiH ajic.viemois b MacciiBe 
HOJiacHa iia'iniiaTbCH c i iv. ih . Tonbico b stom cjiynae mcto/pi.i, iiaimcaimbic Ha C#, CMoryT 
nepe/pari. ccbuiKy Hacoa/pamibiii MacctiB ico/py, iiamicaimoMy Ha/ppyro.vi anbiKC, CKaaceM, 
Ha Microsoft Visual Basic .NET. KpoMe Toro, nocicojibKy MaccHBbi c HanajibHbiM Hyjie- 
bmm hhuckcom iio./iy 9 u./iii o 1 1 cm. 6ojibinoe pacnpocTpaHeHne, ciicuiia/iiic ri.i Microsoft 
nocTapajiiicb onTHMH3iipoBaTb hx pa6oTy. TeM He MeHee iiHbie BapnaHTbi iiii/pei«:auiiu 
MaccriBOB b CLR AOiiycKaiOTCM, xoth hx Hcnojib30BaHHe He pc kom eii/pyoTCM. B cjiyuaax 
icor/pa iipoiiaiso/pincjibiiocTi. h MeacbH3biKOBaa coBMecTHMOCTb nporpaMM He HMeiOT 
6ojibmoro .iiia'icima, mohcho ncnojib30BaTb MaccHBbi, HanajibHbiH un/peicc kotopmx ot- 
uu'ieii ot 0. Mbi iio/ppoono paccMOTpriM hx 'lyn. iio.3>kc. 

Ha pncyHKe ini/pno, 'no b MacciiBe npucyTCTByeT iicicaai /poiio.iiiinc./ibiiaM imcjiop- 
MarpHH. 3 to cise/pcnrui o pa3MepHOCTH MaccriBa, hhschhx rpaHurpax Bcexero H3MepeHHii 
(nouTH iscer/pa 0) h kojiii'icctisc a/ic.viemoB b icaac/pavi H3MepeHHH. 3/peci. ace yKaai.inacTCM 
THn : ; ). : ic.vieiiTOii MaccriBa. Mcro/pi.i him iio. iyicnua othx .paiiiii.ix ov/pyr paccMOTpeHbi 
nanee b oto ii r.iane. 

noKa >no HaM H 3 BecTeH TOJibKO nporpecc coa/paiiu a o/pno.viepiibix MaccriBOB. no bo3- 
MOaCHOCTH IIV >K 110 OrpaHHUHBaTbCH O/pilOMCpill.lMU MaCCIIBaMH C HyjICBblM lia'ia. IbllblM 
HHneKCOM, KOTopbie Ha 3 biBaiOT imoiypa SZ-Maccueajuu, hjih eenmopaMU. Bercropbi o 6 e- 
ciie'iiiiiaiOT iiauuyimyio 11 ])0 n;ilio/pii'ccyi i>iioc i ij, nocrcojibicy hjih oneparpnii c hhmh hc- 
nojib 3 yiOTCH KOManypi.i npoMeacyTOHHoro H 3 biKa (Intermediate Language, IL), HanpiiMep 
newarr, ldelem, ldelema, ldlen h stelem. BnponeM, ccjih y Bac ecTb Taicoe acejiaHne, 
MOHCHO npiIMeHHTb H MHOrOMepHbie MaccHBbi. Bot KaK OHII CO.'S/pa iOTCM: 

// Co3flaHne AByxMepHoro MaccnBa Tuna Doubles 
Double[,] myDoubles = new Double[10, 20]; 
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// Co3flaHne TpexMepHoro MaccuBa ccbmoK Ha ctpokh 
Stringfjj] myStrings = new String[5, 3, 10]; 

CLR no/mepacHBaeT Tai&Kc mpezyjmpHbie (jagged) MacciiBbi — to ecTb «MacciiBbi 
MaccHBOB». I l|)0ii3B0/i,mejibi[0C'[ P) oflHOMepHbix HeperyjiapHbix .viacc hbob c HyjieBbiM 
iia'ia ibiibi.M himckcom TaKaa ace, KaK y oobriiibix BeKTopoB. O/inaico oopamcmic k ajie- 
MeHTy iiepery.'iMpimm MaccuBa o.siia'iac'i odpamemie k /psy.vi hjih 6ojibnie MacciiBaM 
OAHOBpeMeHHO. Bot npiiMep MaccuBa MHoroyroJibHi-iKOB, rue Kaacubiii MHoroyroabHiiK 
coctoht H3 MaccuBa oicscMii.iMpoii Tuna Point: 

// Co3flaHne oflHOMepHoro MaccuBa m 3 MaccHBOB Tuna Point 
Point[][] myPolygons = new Point[3][]; 

// myPolygons[0] ccbmaeTca Ha MaccwB m 3 10 3K3eMn/iapoB Tuna Point 
myPolygons[0] = new Point[10]; 

// myPolygons [1] ccbmaeTca Ha MaccwB m 3 20 3K3eMn/iapoB Tuna Point 
myPolygons[l] = new Point[20]; 

// myPolygons[2] ccbmaeTca Ha MaccwB m 3 30 3K3eMn/inpoB Tuna Point 
myPolygons[2] = new Point[30]; 

// BbiBOA TOneK nepBOro MHOroy ro/ibHm<a 

for (Int32 x = 0; x < myPolygons[0].Length; x++) 

Console.WriteLine(myPolygons[0][x]) ; 


nPMMEHAHME 

CLR npoBepaei KoppeicmocTb hhaokcob. To edb ec/in y Bac HMeeTca MaccnB, coctoh- 
uj,hh n3 100 a/ieivieHTOB c HHAexcaMH ot 0 ao 99, nonbiTKa oOpaTHTbca k ero 3/ieMeHTy no 
nHAei<cy-5 nan 100 nopoAHT ncKtnoHeHne System. Index. OutOf Range, flociyn k naMHTH 
3a npeAenaivin MaccuBa HapyiuaeT 6e3onacHOCTb TnnoB n co3Aaei Opeiiib b 3auinTe, He- 
AonycTnMyio Ana Bepnct>nLi,npoBaHHoro CLR-koas. llpoBepKa HHAexca oOwhho He B/inneT 
Ha npon3BOAHTe/ibHOCTb, Tax xax KOMnn/inTop Bbino/iHaeT ee Bcero oahh pa3 nepeA 
HananoM u,nicna, a He Ha io>kaoh nTepau.nn. BnponeM, ec/in bm CHHTaeTe, hto npoBepxa 
hhaokcob xpHTHHHa A-™ CKopocTH Bbino/iHeHHa Barneti nporpaMMbi, Hcno/ib3yHTe Ana 
AOCTyna k MaccnBy He6e3onacHbin koa- 3ia npopeAypa paccMOTpeHa b pa3Ae/ie «ripo- 
H3BOAHTenbHOCTb Aoctyna k MaccHBy» ashhoh maBbi. 


Mhm 141/1 asm 3 a lima onewiemoB MaccuBa 

B npeflbinymeM pa3nejie paccMOTpeHa npon,en,ypa co.37iaHH>T ajieivieHTOB Maccirea 
h npriCBoeHHH iim HanaubHbix ana'iemiii. CiiHTaKcric C# iio.sbo.mcT coBMecTHTb 3 th 
onepapHH: 

String[] names = new String[] { "Aidan", "Grant" }; 

Ha6op pa.3/te.Teiiiii,ix aaiiHTOii chmbojiob b rjiiii y])iibix cicooKax iraaijiuacic^i uhuu,u- 
cuiu3amopoM Maccuea (array initializer). Cjio»CHOCTb icaac/toro ciiMBOJia MoaceT 6biTb 
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npoH3BOJibHOH, a b c./iy'(ae MHoroMepHoro Macci-iBa iiimnna. ; m;iaTop MoaceT oicaaaTbca 
BJioaceHHbiM. B noKa3aHHOM npimepe <})iirypiipyiox Bcero ana npocTbix Bbipaacemm 
rana String. 

EcjIH B MCTO/te OO'bHb.IMCTCM JIOKajIbHaH IICpCMCIIIiaM pa6oTbI C HHimiiajIH3H- 
pOBaHHblM MaCCHBOM, J[J\A V111)01HCIIIIM KO® MO>KHO HOC 110. I b.30 lia i bCM IICpCMCIIIIO ii 
HeaBHoro THna var: 

// Mcno^b30BaHne aoKa/ibHoii nepeMeHHoii HeaBHoro Tuna: 
var names = new String[] { "Aidan", "Grant" 

B peayobTaxc KOMnnanTop /icjihct Bbiisoa o tom, tio AOKaabHan ncpcMomiaM names 
othochtch k THny String[], TaK KaK hmchiio k 3tomv thiiv iipniia/|. : ic>Km' Bbipaacemie, 
pacnojioaceHHoe cnpaBa ot onepaTopa npncBaimaHHH (=). Hcnojib3ya iiewsiiyio raniraa- 
l|iik) MaccHBOB C#, bm iiopyiac're KOMnnanTopy onpcacjim b ran .'uiCMCHTOb Maccima. 
06paTHTe BHiiMamie Ha OTcyTCTBiie cneipKjniKaiiHn Tima Mescay oneparapaMH new h [ ] 
b caeayiomeM cjiparMeHTe Koaa: 

// 3aaaHwe Tinna MaccuBa c nOMOmbK) /lOKaabHOii nepeMeHHOii HeuBHOro Tuna: 
var names = new[] { "Aidan", "Grant", null }; 

KoMiinjiHTop ()ii|)C/|C, : niCT Tim BbipaaceHHH, ncnojib3yeMbix ana iiHim,iianii3aii,iiii 
ajieMeHTOB Maccima, n no |)C3y.;ii/rataM Bbi6npaeT 6a30Bbni ic/iacc, KOTopbiii ./lyimc 
Bcero onucbiBaeT Bee iwiCMcm bi. B noKa3aHHOM npimepe KOMmuiHTop ooiiapy/KiiiiacT 
aea ajic.vicma rana String n aiia'ienne null. Ho TaK KaK ii()C. : ie;iiiee mo>kct 6biTb He- 
hbho npeo6pa30BaHO b .11060 ii ccbuionHbin ran, Bbi6op acaacTCH b nonb3y coa/iaiina 
h iiHiin,iiajm3an,ini Maccima ccbinoK Tima String. 

Eme npimep: 

// 0mn6oMHoe 3aflaHne Tuna MaccuBa c noMombm noKa/ibHOM 

// nepeMeHHOii HeaBHOro Tuna 

var names = new[] { "Aidan", "Grant", 123 }; 

Ha TaKoii koa KOMnnanTop peanipyeT coo 6 memieM (omn 6 Ka CS0826: noaxoanmero 
Tima aan hchbho 3aaaHHoro Maccima He o 6 napyaceHo): 

error CS0826: No best type found for implicitly-typed array 

JXejlO B TOM, TI O o 6 miIM 6a30BbIM TimOM /I./IH AIS\'X CTpOK II 3 1IH'ICI III ci THna Int32 
HBJiaeTCH Tim Ob ject. /[.aa KOMmuiHTopa 3to oana'iacT Heo 6 xoaimocTb co3aaTb Maccim 
ccbuioK Tnna Object, a 3aTeM ynaKOBaTb aiia'icnue Tima Int32 ii 3acTaBiiTb iiocae/iiiiiii 
.'uie.vicm Maccima ccbiaaTbcn Ha peayabrat ynaKOBKii, imeiomiiH aiia'ieiinc 123. Pa3- 
pa 6 oTHHKii cot/iu, tio aaaaaa ynaKOBKii ajie.viciri'Oii Maccima npimoaHT k cjiuiiikom 
BbICOKIIM 3aTpaTaM, TTo 6 bI KOMniUIHTOp MOT BbinOJIHHTb ee HeHBHO, n03T0My B TaKOli 
CHTyaiiini npocTO bmboahtcji coo 6 memie 06 omn 6 Ke. 

B Ka'iccTisc ciiHTaKCHnecKoro 6oHyca moacho yKa3aTb B03M05KH0CTb bot TaKoii hhh- 
i|iiajiii3aH,iiii Maccima: 

String[] names = { "Aidan", "Grant" }; 

06paTHTe BHimaHiie, tto cnpaBa ot oneparopa npiiCBaiiBaniiH pacnoaaraiOTOi tojimco 
iia'ia.ii.iibic sna'icima .sjicmciitoii Maccima. Hh onepaTopa new, hh Tima, hh KBaapaTHbix 
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cko6ok TaM HeT. 3tot ciim aicciic y/toocn, ho k coaca.aemi 10, b stom cnynae KOMniuiHTop 
He pa3pemaeT Hcnojib30BaTb jioKaubHbie nepeMeHHbie iieamiom THna: 

// 0mn6oHHoe Mcno/]b30BaHMe /lOKa/ibHoti nepeMeHHoti 
var names = { "Aidan", "Grant" }; 

IlonbiTKa KOMrriT.ianHM laKoii CTpomcn iipiiiiCACT k iioHB. iemno /myx cooomeimii: 

error CS0820: Cannot initialize an implicitly-typed local variable with 
an array initializer 

error CS0622: Can only use array initializer expressions to assign array types. 

Try using a new expression instead 

IlepBoe roBopHT o tom, hto .toigi.tiiIio ii nepeMeHHOH iieamioio THna HeB03M0acH0 
npiiCBOHTb iia'ia.TPiiioe aiia'iemie npii noMomu HHiiii,iiajm3aTopa MacciiBa, a BTopoe 
HHcjiopMiipyeT, m io /uimibiii HHim,iianH3aTop 111) 11 mcp rnc icj-i TOJibKO aah iia.siia'ieima 
THnoB MaccHBaM h peico.vieiiA.vcT BaM BOcnonb30BaTbCH onepaTopoM new. B npiiHunnc, 
KOMnHJIHTOp BnOJIHe CHOCo6eH BbmOAHHTb BCe 3TH HeHCTBHH CaMOCTOMTC.T 1)110, HO pa3- 
paooT'Piiic 11 peuiHjra, 'no 3 to — cahihkom cnoacHaH aaAa'ta. Bcap> npHuuiocb 6bi onpene- 
jiHTb Tun MacciiBa, co3/i,aBaTb ero npii noMomu onepaTopa new, npiiCBaiiBaTb ajieMeHTaM 
HanajibHbie .ana'icniiH, a KpoMe toto, onpeneiuiTb THn noKajibHOii nepeMeHHOH. 

HanocjienoK xoTenocb 6bi paccMOTpeTb npouenypy HeHBHoro aa/yuniii Tima Maccima 
b cjiynaeaHOHHMHbixTimoB h noKajibHbix iicpc.viciiiii>ix neamiomTima. (06 aHOHHMHbix 
ranax cm. ruaBy 10.) 

PaccMOTpiiM cjieayiomHH koa: 

// npuMeHeHne nepeMeHHbix n MaccnBOB HeuBHO 3aflaHHoro Tuna, 

// a TaioKe aHOHiiMHoro Tuna: 

var kids = new[] {new { Name="Aidan" }, new { Name="Grant" }}; 

// npuMep npinMeHeHnn (c flpyroii /lOKaabHon nepeMeHHoii HenBHO 3aAaHHoro Tuna): 
foreach (var kid in kids) 

Console.WriteLine(kid.Name); 

B 3tom npHMepe ahh npncBaHBaHHH p ni'ia. p p>ppp>i x aiia'icinm a.ae.YieiiTa.Yt Maccima 11c- 
nojib3yiOTOi Asa BbipaacemiH, KaacAoe 113 kotopmx npeACTaBAHCT co6oii aHOHHMHbiii Tim 
(BeAb iioc.ie onepaTopa new hii b oahom h3 c.ayiaeii He <})iii ypiipycT hmh THna). Bnaro- 
Aapn hachthahoh CTpyKType sthx BbipaaceHiiii (none Name THna String) KOMniMHTop 
OTHOCHT 06a o6beKTa K OAHOMy THny. Tenepb MbI MO/ICCM B0Cn0JIb30BaTbCH B03M0HCH0- 
CTbio HeuBHoro 3aAaHHH THna Maccima (norAa MeacAy onepaTopoM new h KBaApaTHbiMH 
CKo6KaMii OTcyTCTByeT hmh THna). B pcay.iia aTC KOMmuiHTop caMOCTOHTenbHO onpe- 
AennT Tim, CKOHCTpyupyeT Maccim h impiipia.iiiaiipycT ero 3.iC.vieim>i Kan ccp>i.t icn Ha 
Aea 3K3eMnjinpa o/pnom h toto ace aHOHiiMHoro Tima. B iiTore cebinKa Ha stot oo'bcicr 
npiiCBaiiBaeTCH ,iopx;i. ii>i poii nepeMeHHOH kids, THn KOTopofi oiipcACimT komiiii.thto|). 

3aTeM TOJibKO 410 C03AaHHblii II HHimiiajIH3HpOBaHHblii MaCCHB l1CII0.TI).'iyCi'CH B mi¬ 
ni e foreach, b kotopom ifnirypiipyeT h nepeMeHHaH kid HeHBHoro THna. Bot peay.apaai 
BbinojiHeHiiH TaKoro KOAa: 

Aidan 

Grant 



flpuBeAem/ie TnnoB b MaccuBax 421 


npuBeAeuue TnnoB b MacciiBax 

B CLR Rjix MacciiBOB c a/ic.viciixaM it ccbuioiHoro Tima aoiivcthmo npiiBC/icinic. B paMKax 
pemeHim stoh 3 a.Aa.m 1 06a Tima MacciiBOB AOJKKHbi iiMera OAimaKOByio pa3MepHOCTb; Kpo- 
Me toto, AOJiacHO iiMeTb MecTO HeuBHoe hjih hbhoc npeo6pa30BaHiie 113 THna 3,/ieMeHTOB 
HCxo/iHoro Maccima b hcjicboii ran. CLR 11 c no/wepaciiBaeT npeo6pa30BaHiie MacciiBOB 
c ajieMeHTaMii aiiamiMbix TimoB b npynie Tnnbi. BnponeM, /yu11 ioc orpanimcHiic mohcho 
o6onra npn noMomii MeTO/i,a Ar ray. Copy, KOTopbiii co 3 /iaeT HOBbiii MacciiB n 3anojmaeT 
ero sjiCMcm a.viii. Bot npnMep npHBeneHHH Tnna b .viaccn Be: 

// Co3flaHne AByxMepHoro MaccuBa FileStream 
FileStream[,] fs2dim = new FileStream[5, 10]j 

// FleflBHoe npMBeaeHMe k MaccuBy Tuna Object 
Object[,] o2dim = fs2dim; 

// FleB 03 M 0 )KH 0 npuBeAeHne AByxMepHoro MaccuBa k OAHOMepHOMy 

// 0wn6i<a KOMnnABpnn CS0030: HeB03M0>KH0 npeo6pa30BaTb Tun ' object [*, *] ' 

// b 'System.10.Stream[]' 

Stream[] sldim = (Stream[]) o2dim; 

// flBHoe npuBeAeHne k AByxMepHOMy MaccuBy Stream 
Stream[,] s2dim = (Streamf,]) o2dim; 

// IlBHoe npuBeAeHne k AByxMepHOMy MaccuBy String 
// KOMnMAUpyeTCBj HO BO BpeMH BbinOAHeHHB 

// B03HMKaeT MCKAioHeHMe I n val idea st Except ion 
String[,] st2dim = (String[,]) o2dim; 

// Co3AaHne oAHOMepHoro MaccuBa Int32 (3HannMbin Tun) 

Int32[] ildim = new Int32[5]; 

// FfeB 03 M 0 )KH 0 npMBeAOHMe MaccuBa 3 HaHMMOro Tuna 
// 0wn6i<a KOMnnABLimi CS0030: HeB 03 M 0 >KH 0 npeo 6 pa 30 BaTb 
// Tun 'int[]' b 'objectf]' 

Object[] oldim = (Object[]) ildim; 

// C03AaHkte hoboto MaccuBa h npnBeAOHne SAeMeHTOB k HyxHOMy Tuny 
// npn nOMOmn MeTOAa Array.Copy 

// Co3AaeM MaccnB ccnaok Ha ynaKOBaHHbie saeMeHTbi Tuna Int32 
Object[] obldim = new Object[ildim.Length]; 

Array. Copy (ildim., obldim, ildim.Length); 

Mctoa Array .Copy He npocTO KonupyeT ajieMeHTbi 0/1,110m Maccima b .ipyroii. Oh 
neiiCTByeT KaK cjiyHKiiHji memmove H 3 biica C, ho npn stom npaBiuibHO o6pa6aTbmaeT 
iiepeKjM.iiiaioiuiiecH o6jiacra 11 a. with. Oh Tai&ice cnoco6eH npn iicooxoahmocth npeo6- 
pa 30 BbmaTb . 3 .tcm(T[tp,[ Maccima b nponecce hx KoniipoBaHiiH. Mcto/i, Copy m.mo.macT 
cjienyiomHe achctbhh: 

□ YnaKOBKa ajieMeHTOB 3 HamiMoro rana b 3 , : iCMCin i>i ccburomioro rana, HanpiiMep 
KomipoBaHiie Int32[] B0bject[]. 
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□ PacnaKOBKa ane.vtemois ccbuionHoro Tima b ojie.vuTiTbi ana'iiiMora Tima, iiaiipiiMcp 
KomipoBaraie Object[ ] b Int32[ ]. 

□ PacnmpeHiie (widening) iipii.\iirnimii,ix 'snaTH.vmix TnnoB, iianpiiMcp KonnpoBaiinc 

Int32[] b Double[], 

□ I [omi/Kaioiuee iipirne/pmne b cjiynaax, icor/picoBMecTHMOCTbMacciiBOB ik‘bo;i.\io>kiio 
onpe/i,ejiHTb no hx TimaM. Cio/i,a othochtch, k npimepy, npiiBeneHiie Macci-iBa run a 
Object[ ] b MaccHB Tuna IFormattablef]. Ecjih Bee odbeKTbi b MaccnBe Object[ ] 
peajiH3yiOT HHTep4>eiic IFormattablef ], npiiBeneHiie npofmeT ycnenmo. 

Bot erpe oaiih npimep npuMeHemiH MeTOAa Copy: 

// Onpefle/ieHne 3HannMOro Tuna, pea/in3yiomero nHTepjienc 
internal struct MyValueType : IComparable { 
public Int32 CompareTo(Object obj) { 

} 

} 

public static class Program { 
public static void Main() { 

// Co3flaHne MaccnBa n3 100 aneMeHTOB 3HasnMoro Tuna 
MyValueType[] src = new MyValueType[100]; 

// Co3flaHne MaccnBa ccn/iok IComparable 
IComparable[] dest = new IComparable[src.Length]; 

// npncBanBaHne 3/ieMeHTaM MaccnBa IComparable ccbmoK Ha ynaKOBaHHbie 
// Bepoin 3/ieMeHTOB hcxoahoto MaccnBa 
Array.Copy(src, dest, src.Length); 

} 


I le'ipy/pio noraAaTbca, tio FCL /[pcxaTOTuo nacTO ncnojib3yeT /tocTomic'ma mcto/ip 

Array.Copy. 

BbiBaiOT CHTyaniiii, Koiypi r i o./ic;ji ro H3MemiTb Tim .viaccima, to ecTb BbinojmiiTb ero 
KoeapuciUjUm (array covariance). O/uiaico cyic/pycT noMHiiTb, tio 3Ta onepanua CKa3bi- 
iiacTCTi Ha npoH3Bop,HTejibHOCTH. /ionycTu.vi, Bbi iraniica./in TaKoii kojx: 

String[] sa = new String[100]; 

Object[] oa = sa; // oa ccbmaeTcs Ha MaccnB 3/ieMeHT0B Tuna String 
oa[5] = "left"; // CLR npoBepaeT npnHa/vie>KHOCTb oa k Tuny String; 

// npoBepKa npoxoflnT ycneuiHO 

oa[3] = 5; // CLR npoBepaeT npnHa/viejKHOCTb oa k Tuny Int32; 

// reHepnpyeTCB ncK/noneHne ArrayTypeMismatchException 

B 3tom Kone iicpc.viemiaTi oa, Tun KOTopoii onpc;i,c. : icii KaK Object[ ], ccbuiaeTca Ha 
MaccriB THna String[ ]. 3aTeM bbi niii racreci) npiiCBOiiTb aiiio.viy H3 a.Te.vicmoii 3Toro 
MaccnBa 3HaneHiie 5, OTHOCHuieecn k Timy Int32, npoii3BOAHOMy ot Tima Object. 
EcTecTBeHHO, CLR upoiiepHCT KoppeKTHOCTb TaKoro ii|)iicisaiiiiaium, to ecTb b npo- 
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itecce Bbmo. meimH KOHTpojinpyeT Hajiirane b Macon bo ojie.viemoii Tuna Int32. B .yin- 
hom c./iytao laiaic ojic.vionTbi OTcyTCTByiOT, tio h ciaiioBH iCM npHHrnion mok.tio'ioiim a 
ArrayTypeMismatchException. 

nPMMEHAHME 

fl/ia npocToro KonnpoBaHns nacTM aaeMeHTOB m3 oahoto MaccnBa b APyron MMeeT CMbicn 
ncno/ib30BaTb MeTOA BlockCopy K/iacca System.Buffer, KOTopbin pa6oiaeT6biCTpee Me- 
TOfla Array.Copy. K coxaneHnio, 3tot mctoa noAAepxnBaeT TO/ibKO npnMMTMBHbie Tnnbi 
n He MMeeuaKnxxe lumpokhx B03M0>KH0CTeH npnBeACHMn, ksk Array.Copy. napaMeipw 
Tuna Int32 BbipaxaiOTcn nyTeM CMem,eHna SanTOB BHyTpn MaccnBa, a He npn noMOiAn 
hhagkcob. To ecib MeTOA BlockCopy noAxoAMT abs nopa3paAHoro KonnpoBaHnn co- 
BMecTHMbix AaHHbix m3 MaccMBa oahoto TMna b APyron. K npMMepy, takmm cnoco6oM 
moxho CKonMpoBaTb MaccMB TMna Byte[], coAepxamnn cmmbob bi KDhmkoaa, b msccmb 
TMna Char[], 3tot MeTOA hactmhho KOMneHCMpyeT OTcyTCTBMe bo3moxhoctm CHMTaTb 
MaccMB npocTO 6/iokom naMSTn npoM3BonbHoro TMna. 

flaa HaAexHoro KonnpoBaHnn Ha6opa aaeMeHTOB m3 oahoto MaccMBa b APyron nc- 
noab 3 yMTe MeTOA ConstrainedCopy K/iacca System.Array. Oh rapaHTnpyeT, hto b c/iynae 
HeyAanHoro KonupoBaHnn 6yAeT BbiAaHO ncicniOHeHne, ho AaHHbie b ueneBOM MaccMBe 
ocTaHyTcn HenoBpexAeHHbiMM. 3to no3BonneT Mcno/ib 30 BaTb MeTOA ConstrainedCopy 
b 06/iacTM orpaHMneHHoro Bbino/iHeHna (Constrained Execution Region, CER). rapaHTnn, 
KOTopwe oh AaeT, oSycnoBneHbi TpeSoBaHneM, htoSw Tnn aaeMeHTOB mcxoahoto MaccMBa 
coBnaAaa c TMnoM eneMeHTOB u,eneBoro nan 6bm npoM 3 BOAHbiM ot Hero. KpoMe toto, 
MeTOA He noAAepxMBaeTynaKOBKy, pacnaKOBKy mtim HMCxoAsiuee npnBeACHne. 


Ea 30 BbiM K/iacc System.Array 

PaccMOTpiiM ocTbMH.Tonuc ncpc.vioni k) ii MaccnBa: 

FileStream[] fsArray; 

06 r bHBJieHne nepeMeHHoii MaccnBa 110 / 1 , 0611 in,vr o6pa30M 11 ]) 11 no/rrr i k aiiTOMaxH'ie- 
CKOMy co3AaHHio THna FileStream[ ] rjir AOMeHa npHJioKeHHii. Tun FileStream[] 
HBjiHeTCH npoH3BOAHbiM ot System.Array h cooTBeTCTBeHHO iiacac/iycT orry/pi Bee 
mcto/u,i h CBoiicTBa. /Bin hx Bbi30Ba cjiyacuT ncpe.vicmiaa fsArray. 3 to ynpomaeT pa- 
6 oTy c MaccuBaMH, iio/u, b KJiacce System.Array ecTb mikokcctho nojie3Hbix mctoaob 
h cboitctb, b tom Aiicjie Clone, CopyTo, GetLength, GetLongLength, GetLowerBound, 
GetUpperBound,Length hR ank. 

Kiiacc System.Array co/tepscHT Taioicc crairi'icciaic moto/i,i,i ,vih pa6oTbi c Maccu- 
BaMH, b tom AHCJie AsReadOnly, BinarySearch, Clear, ConstrainedCopy, ConvertAll, 
Copy,Exists,Find, FindAll, Findlndex, FindLast, FindLastlndex,ForEach,IndexOf, 
LastlndexOf, Resize, Reverse, Sort h TrueForAll. B KanecTBe napaMeTpa ohii npn- 
HHMaiOT ccbuiKy Ha MaccHB. y KatKAom H3 3 thx MeTOAOB cymecTByeT mhoxcctbo nepe- 
rpyaceHHbix liepcufi. Bojiee toto, pjin miioitix h3 hhx umoiotcm o 6 o 6 ihoiiiii.io neperpy- 
>koii 111 , 1 c Bepcioi, oocciic'iniiaiomrio KOHTpojib in 1 ion bo ispe.viM komiiii.imiuih h BbicoKyio 
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npOII3BOflHTejIbHOCTb. H HaCTOHTejIbHO pCKOMCII/l.yiO CaMOCTOHTejIbHO IIO'imaTP) O HIIX 
B /lOKYMCIITaHHW Ha SDK. 


PeajiM3ai4nq MHTepc|)eMCOB (Enumerable, 
■Collection u IList 

MHome MeTOAbi pa6oTaiOT c kojijickiihhmh, nocKOJibKy ohii o6bHBjieHM c TaKHMH 
napaMeTpaMii, KaK iiHTepijieHCbi IEnumerable, ICollection h IList. Hm moacho 
IICpC/UUiaTb H MaCCHBbI, TaK KaK 3TH TpH Heo6o6meHHbIX HIITC|)())Ciica peajIH30BaHbI 
b KJiacce System .Array, /[aimaa pea. : iii;saip,iia ooyc.ioii.ic'ipa tc.vi, tpo 3th nm cp())ciicP)i 
HHTepnpeTHpyiOT jno6ofi .oacmciit KaK 3K3eMnjiap System.Object. O/pjiaKo xoTejiocb 
6 bi TaKAce, 'noni>i KViacc System.Array peajiH30Bbreaji o6o6meHHbie .aiaiiiiia. ieinbp sthx 
iiii'[cp())eiicoii, ooeciic'iiiiiaa ./lytiiinii KOHTpoiib thhob bo ispe.YiM komiiip. im 11,1111 h noBbi- 
HieHHyiO npOH3BOAHTeAbHOCTb. 

KoYian/pa pa3pa6oT i mKOB CLR pemiiJia, m to He ctoiit ocymecTBAHTb pea.i 11 . 3 aipn 10 
HHTepcjjeHCOB IEnumerable<T>, ICollection<T> 11 IList<T> KJiaccoMSystem.Array, 
TaK KaK B 3TOM CAV'iaC B03HHKai0T l[|)o6.ie.\ll,l C MHOTOMepHblMH MaCCHBaMH, a TaKACe 
c MaccHBaMH, b KOTopbix HyMepaiiim He iia'ipiiiaei’oi c iiwim. He/pi) oiipiype.ieiiiie stiix 
niiTepijieiicois b yKa3aHHOM KJiacce oana'iaei’ iieo6xo/pii.\iocTP> iio/Liep'/KKn MaccimoB 
Bcex Ti-moB. Bmccto stoto pa.'spaooT'iii kh nornjiH Ha xiiTpocTb: up pi coa./pa i 1 n 11 0 , 1110 - 
MepHoro Maccima c iia'iimapoineiioi c iiwim iiii/peKcaippieii CLR airi’OMa'iii'iccKn pea- 
Aii3yeT HHTep<j)eHCbi IEnumerable<T>, ICollection<T> h IList<T> (3Aecb T — Tim 
ajieivieHTOB MaccHBa), a TaKAce Tpii iiHTepijieHca aaa Bcex 6a30Bbix TimoB Maccima 
npH yCJIOBIIH, HTO 3TII Timbl >111.1 II IOTOI CCblAOHHblMH. CllTyaHH 10 P1.I.I locippppycT 
c. : ie;pyioiii,aa iicpapxiia. 

object 

Array (Heo6o6meHHbie IEnumerable, ICollection, IList) 

Object[] (IEnumerable, ICollection, IList of Object) 

String[] (IEnumerable, ICollection, IList of String) 

Stream[] (IEnumerable, ICollection, IList of Stream) 

FileStream[] (IEnumerable, ICollection, IList of FileStream) 

(apyrne MaccuiBbi ccbmoaHbix TiinoB) 


IlpiiMep: 

FileStream[] fsArray; 

B 3tom c.iyiae npii cos./paiiii n Tima FileStream[] CLR airpoMa'm'ieciai pea.i 11 - 
3 yeT b HeM iiHTeptjieHCbi IEnumerable<FileStream>, ICollection<FileStream> 
h IList<FileStream>. Bonee toto, Tim FileStream[ ] 6yA,eT peajiH30BbmaTb hh- 
Tepijieiicbi 6a30Bbix KjiaccoB IEnumerable<Stream>, IEnumerable<Object>, 
ICollection<Stream>, ICollection<Object>, IList<Stream> hIL ist<Object>. 
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TaK KaK Bee sth iiirrcp4)ciicp,i pcaaiiayoTcn cpe/joft CLR amoMa'i HMCCioi, iiepe.vieimaH 
fsArray Moaccx npiiMeHHTbcsi bo Bcex cayianx iiciio.ii)30isaiiiiM sthx iiiiTcpijieiicois. 
Hanpimep, ee Moamo nepe/i,aBaTb b mcto/em c TaKHMH iipoTO'nupa.viii: 

void Ml(IList<FileStream> fsList) { ... } 
void M2(ICollection<Stream> sCollection) { ... } 
void M3(IEnumerable<0bject> oEnumerable) { ... } 

06paTHTe BHiiMaraie, hto eoni Maccim co/i,epaciiT sjieMCHTbi aHammoro Tima, KJiacc, 
KOTopoMy oh npima/yieacnT, He 6y/pcT peajni30BbmaTb iiiiTeppjpeiicbi 6a30Bbix KJiaccoB 
ajiCMein a. Hanpimep: 

DateTime[] dtArray; // MaccuiB 3 /igmghtob 3HaHHMoro Tima 

B a3hhom cjiyiae Tim DateTime[] 6y/peT peajiii30BbmaTb TOJibKO iiinep())ciici,i 
IEnumerable<DateTime>, ICollection<DateTime> hIL ist<DateTime>; Bepcim sthx 
HHTepcJieiicoB, o6mne ajih KJiaccoB System.ValueType iijiii System.Object, peajiii30BaHbi 
He 6ypyr. A sto 3HamiT, hto nepeMeHHyio dtArray Hejib3H nepe/i,aTb noKa3aHHOMy paHee 
viCTO/py M3 b lai'pecTisc apiyMema. Beyp, MacciiBbi aiia'iiiMbix h ccbuiomibix thhob pac- 
nojiaraiOTCH b naMHTii no-pa3HOMy (06 stom paccica3biBajiocb b na'iaaie /paiiiioii rjiaBbi). 


nepeflana m eo3BpaT MaccuBOB 

I Icpc/piiiaM MacciiB b mcto/i, b ica'iecme api'y.vicma, bm Ha caMOM /peae iiepe/pacTC ccbuiKy 
Ha Hero. A 3HaHHT, mcto/i, MoaceT Mo/ptKfttinHpoBaTb saeMeHTbi Maccima. Htoto MoacHO 
ii36eacaTb, ipepe/pais b ica'PCCTise api'y.vicma Koniiio Maccima. M.vicitic b isit/py, mo victo/p 
Array.Copy isi,iiio.iiimci noBepxHOCTHoe (shallow) KomipoBaHiie, h ec/ra 3/ieMeHTbi 
Maccima othochtch k ccbi.ioniio.viy THny, b hobom Maccime oicaacyTcii ccbijiKH Hacyme- 
CTByiomiie o6beKTbi. 

Appa./po pit 1 p ppa, 0T/pe.n>pii>ie mcto/im B03Bpain,ai0T ccbuiKy Ha MacciiB. Ecjih victo/p 
co.i/iacT h iiHim,iiajiii3iipyeT MacciiB, B03BpameHiie Taicoii ccbijiKH He Bbi3bmaeT npo- 
6.,ac.vi; ecjra ace bm xothtc, hto6m .vie ao/p B03Bpama/i ccbuiKy Ha BHyTpeHHiiii Maccim, 
accoH,iiiipoBaHHbiii c iio.'icm, to ciianajia pemiiTe, BnpaBe jih is ia:ila naiioii l;p>i nporpaMMa 
imeTb AOCTyn k oaoviy Maccimy. Kaic npaBimo, /pe.aaaa> 3Toro He ctoht. I lo.3 PO.viy jiynne 
nycTb vicao/p co.a/pac a Maccim, Bbi30BeT .vicao/p Array. Copy, a 3aTeM BepHeT ccbuiKy Ha 
HOBbiii Maccim. Eiu,e pa3 HanoMHio, hto /paiiiiiaii vie ao/p i!i,iiio. iimei’ noBepxHOCTHoe 
KomipoBaHiie ncxo/piiom Maccima. 

Pe3yjibTaT0M Bbi30Ba vicao/pa, B03Bpamaiomero ccbuiKy Ha Maccim, He co/pep/icaaipiiii 
ajieMeHTOB, aii. iaeica jiii 6 o .iiia'ieiiite null, a 1160 ccbuiKa Ha Maccim c iiy.ieiibi.vi hhcjiom 
ajieMeHTOB. B Taicoii ciiayaapnn Microsoft HacTOHTe/ibHO peicoMeii/pyc a BTopoii BapiiaHT, 
nocKoabKy no/i,o6HaH peajiii3arpira ynpomaeT koa. K npimepy, AaHHbiii kop, Bbino/maeTCH 
npaBiiJibHO /paace npii OTcyTCTBiiii aaeMCHTOB, no/uieacanpiix o6pa6oTKe: 

// npmvpep npocTOro ann noHUMaHkia KOfla 

Appointmentf] appointments = GetAppointmentsForToday(); 

npodonoKenue # 
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for (Int32 a = 0; a < appointments.Length; a++) { 

} 

CjieAyiomiiH ([ipai'Mcm ico/pa Taioicc KoppeKTHO m.mo. maeTCM npii OTcyTCTBini aiie- 
MeHTOB, ho oh yace cjioacHee: 

// npuMep 6o/iee cao>KHoro KOfla 

Appointment[] appointments = GetAppointmentsForToday(); 
if (appointments != null) { 

for (Int32 a = 0, a < appointments.Length; a++) { 

// Bbino/iHaeM aeiicTBHfl c aaeMeHTOM appointments[a] 

} 

} 

Ecjih bm niiuieTe cboh .viCTO/pia TaK, hto6m ohii bmccto null B03Bpamajm Maccimbi 
c HyjieBbiM hhcjiom ojicMciiToii, no. ib.'ioiiaTCJia.vi 6y/pcT npome pa6oTaTb c hhmh. To ace 
othochtch k iio.imm. Ecjih y Baniero THna ecTb none, hbjih loiueeca ccbuiKofi Ha Maccim, 
to b Hero cjic/pycT noMenpaTb ccbuiKy Ha MaccriB, /paacc ecmi b MaccriBe iict hii o/pnom 
ajiCMema. 


MaccuBbi c HeHy/iesoM HUKHeii rpaHnuePi 

KaK yace ynoMHHajiocb, MaccHBbi c i[Ciiy. : ieiioii HiiacHeH rpaHHpeii Bnoime nonycTHMbi. 
Co3naBaTb hx MoacHO npn iiomoiuii cTaTHnecicoro mcto/ui Createlnstance Tima Array. 
CymecTByeT HecKOJibKO neperpyaceHHbix BepciiH 3Toro .viera/pa, no3BOJifllomux aa/paTi, 
Tim ajieivreHTOB, pa3MepHOCTb, HiiacHioio rpamirpy Maccima, a TaKace kojuihcctbo ajieMCH- 
tob b KaacnoM H3MepeHHH. M cto/p BbmejiaeT naMHTb, 3anncbiBaeT 3a/p,aHHbie napaMeTpbi 
b cjiyaceOiiyio o6aacTb bia/pcjieimom 6jioica h B03BpamaeT ccbimcy Ha Maccim. Ilpn Ha- 
jihhhh /pisyx h 6o.;icc H3MepeHiifi ccbuiKy, B03BpairpeHHyio mcto/pom Createlnstance, 
MoacHO npHBecTH k Timy nepeMCHHOii ElementType [ ] (3/i,ecb ElementType — i-pmji Tima), 
hto6m ynpocTHTb nocTyn k ajieMenraM MacciiBa. J\jm nocTyna k ajieMCHTaM OAHOMepHbix 
MacciiBOB nojib3yHTecb MCTO/pa.vi h GetValue h SetValue Kiiacca Array. 

PaccMOTpHM nporpecc /pimaxi ip'pcckoio coa/paiimi /pisyx.viepiiom Maccima 3i la/pci p ip ip 
rana System.Decimal. IlepBoe H3Mepemie cocTaBHT roAbi c 2005 no 2009 bkjhohh- 
TC. : iP)iio, a BTopoe — KBapTajmi c 1 no 4 mc.iio'iiiTejibiPO. Bee .':)jie.viemi,i o6pa6aTbmaiOTCH 
b rpiiKJie. ITponiicaB b ico/pc rpapinipbi Maccima b hbhom isipac, mm nojiynHira 6bi Bbmrpbim 
B npOH3BOAHTeabHOCTH, HO BMCCTO 3TOTO HOC I lO.'l l)3.yCMCM MCTO/PPPM ii Get Loi/ve r Bound 
h GetUpperBound Kiiacca System. Array: 

using System; 

public static class DynamicArrays { 
public static void MainQ { 

// Tpe6yeTcn flByxMepHbiii MaccuB [2005.. 2009] [1. .4] 

Int32[] lowerBounds = { 2005, 1 }; 
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Int32[] lengths = { 5, 4 }; 

Decimal^] quarterlyRevenue = (Decimal^]) 

Array.CreateInstance(typeof(Decimal), lengths, lowerBounds); 

Console.WriteLine("{0,4} {1,9} {2,9} {3,9} {4,9}", 

"Year", "Ql", "Q2", "Q3", "Q4"); 

Int32 firstYear = quarterlyRevenue.GetLowerBound(0); 

Int32 lastYear = quarterlyRevenue.GetUpperBound(0); 

Int32 firstQuarter = quarterlyRevenue.GetLowerBound(l); 

Int32 lastQuarter = quarterlyRevenue.GetUpperBound(l); 

for (Int32 year = firstYear; year <= lastYear; year++) { 

Console.Write(year + " "); 
for (Int32 quarter = firstQuarter; 
quarter <= lastQuarter; quarter++) { 

Console.Write("{0,9:C} ", quarterlyRevenue[year, quarter]); 

} 

Console.WriteLine(); 

} 

} 

} 


I Iocjie KOMiin. iMii.ilii h BbinojiHeram 3 Toro Kona iiooy'tae.Yt: 


Year 

Ql 

Q2 

Q3 

Q4 

2005 

$0.00 

$0.00 

$0.00 

$0.00 

2006 

$0.00 

$0.00 

$0.00 

$0.00 

2007 

$0.00 

$0.00 

$0.00 

$0.00 

2008 

$0.00 

$0.00 

$0.00 

$0.00 

2009 

$0.00 

$0.00 

$0.00 

$0.00 


BHyTpeHHqq pea/in3aui/m MaccueoB 

B CLR noflflepacHBaiOTCJi Macci-iBbi /myx thiiob: 

□ Oa,HOMepHbie MacciiBbi c HyjieBbiM iia'ia.ibiiiii.\i mi/ic kcom. I I nor/yi hx iiaabiisaiOT 
SZ-MaccueaMU (ot aHrjmiicKoro single-dimensional, zero-based), hjih eexmopaMU. 

□ OyiiOMcpiiKic h MHoroMepHbie MacciiBbi c iieiiaiiCCTiibi.M HanajibHbiM iiii/i,ckco.\i. 

PaccMOTpiiM hx Ha npimepe cjicnyioinem Kona (pcay.'itviaa ero m.iiio. iiieiiiiM npn- 
boahtch b KOMMeHTapunx): 
using System; 

public sealed class Program { 
public static void Main() { 

Array a; 

// Co3flaHne oflHOMepHoro MaccuBa c Hy/ieBbiM 
// HaMa/lbHblM HHfleKCOM M 6e3 3/ieMeHTOB 

npodojiMenue & 
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a = new String[0R 

Console.WriteLine(a.GetTypeQ); // "System.String[]" 

// Co3flaHne oflHOMepHoro MaccuBa c Hy/ieBbiM 
// Hana/ibHbiM hhaskcom w 6e3 3/ieMeHTOB 
a = Array.CreateInstance(typeof(String), 
new Int32[] { 0 }, new Int32[] { 0 }); 

Console.WriteLine(a.GetTypeQ); // "System.String[]" 

// Co3flaHne oflHOMepHoro MaccuBa c HananbHbiM mhaskcom 1 w 6e3 3/ieMeHTOB 
a = Array.CreateInstance(typeof(String), 
new Int32[] { 0 }, new Int32[] { 1 }); 

Console.WriteLine(a.GetType()); // "System.String[*]" <-- BHHMAHME! 

Console. WriteLineQ; 

// Co3flaHne AByxMepHoro MaccuBa c Hy/ieBbiM 
// HaMa/lbHblM HHfleKCOM W 6e3 3/ieMeHTOB 
a = new String[0, 0]; 

Console.WriteLine(a.GetTypeQ); // "System.String[, ]" 

// Co3flaHne AByxMepHoro MaccuBa c HyAeBbiM 
// HaMa/lbHblM HHfleKCOM W 6e3 3/ieMeHTOB 
a = Array.CreateInstance(typeof(String), 
new Int32[] { 8, 0 }, new Int32[] { 0, 0 }); 

Console.WriteLine(a.GetTypeQ); // "System.String[, ]" 

// Co3flaHne AByxMepHoro MaccuBa c HananbHbiM mhaskcom 1 w 6e3 aneMeHTOB 
a = Array.CreateInstance(typeof(String), 

new Int32[] { 0, 0 }, new Int32[] { 1, 1 }); 

Console.WriteLine(a.GetTypeQ); // "System.String[, ]" 

} 


Phaom c KaacnoH iiHCTpyKiiiieH Console .WriteLine b Bime KOMMeHTapiiH noKa- 
3aH pe3yjibTaT ^chctbhm. /Jjih o/iHOMepHbix MacciiBOB c HyneBofi mi'/Kiicii rpaiimicH 
3 to System. String[ ], ecjm ace iiii.teiccaHiia iia'iniiacica c e/immiibi, bmbo/ihtch yace 
System.String[*]. 3HaK * CBiineTejibCTByeT o tom, hto CLR 3HaeT o HeHyjieBofi 
HiiacHeii rpaHime. TaK KaK b C# o6bHBHTb nepeMeHHyio THna String[ * ] HeB03M0acH0, 
ciiHTaKci-icaToro M3i>iica 3anpemaeT o6pameHiie k o/nio.vtepiibiM MacciiBaM c iieiiy.icboii 
HiiacHen rpannncit BnponeM, o6ohth sto oi ])aiin' ici ine MoacHO c noMonibio mcto/iob 
G etValue h SetValue Kjiacca Array, ho /to iio.tii ii rc.r i>i rr>io 3aTpaTbi Ha iibi.ioii Mcro/ia 
CHiiacaiOT acjicjjeKTHBHOCTb pa6oTbi npOrpaMMbl. 

MHOrOMepHbIX MaCCIIBOB, He3aBHCHMO OT HIiaCHCH rpaHHUbT, OTo6paacaeTCfl OflHH 
h tot ace THn: System. String[ , ]. Bo ispc.vui isbino. inemiM CLR paccMaTpimaeT hx KaK 
MacciiBbi c HeHyjieBOH HiiacHeii rpammeH. Jloni'ino 6buio 6bi npe/inojioacHTb, 'no hmh 
TH na 6yneT npe/iCTaBjieHO KaK System.String[*, *], ho b CLR /yin MHoroMepHbix 
MacciiBOB He iicii().ii,3yeiCM 3 hhk *. Be/ii> nna'ie oh bhbo/ihjich 6bi bo bccx cjiynanx, 
C03AaBaa nyTaHHiiy. 
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/lociyii k a.'iCMcma.vi OAiio.viepnoi o MaccHBa c iivacbo ii iiii>kiich rpammcM ocy- 
mecTBjiaeTCH HeMHoro 6biCTpee, mom AOCTyn k .'(.'le.vicmaM MHoroMepHbix MaccHBOB 
hah MacciiBOB c noilyjiCMioii ii H/Kiicii rpaiiHuew. EcTb HecKOJibKO npiiHHH TaKOMy no- 
BeACHiiio. Bo-nepBbix, ciicuna. ibiibic KOMaHAbi ;i,. : i a pa6oTbi c OAHOMepHbiMii Macci-iBaMi-i 
c HyjieBofi HiiacHeH rpamincit (newarr, ldelem, ldelema, ldlen h stelem) iio3bojihiot 
JIT-KOMnHjiHTopy reHepupoBaTb onTHMH3HpoBaHHbiii koa. IIpn 3tom iipc/pio.iaracT- 
cm, tio nepBbifi hiiackc paBeH iiyno, to ecTb npn aoctviic k aacMem aM OTcyTCTByeT 
ncooxo/iiiMOCTb isbi'inc.ia i b cMemeHHe. KpoMe Toro, b o6iu,eM cjiyiac komiiiijihtop 
yMeeT BbiHOCHTb koa npoBepKH i pamni, 3a 11 pcaca ia nincia. K npimepy, paccMOTpHM 

CAeAyromHfi koa: 

using System; 

public static class Program { 
public static void MainQ { 

Int32[] a = new Int32[5]j 

for(Int32 index = 0; index < a.Length; index++) { 

// KaKine-TO fleficTBun c a/ieMeHTOM a[index] 

} 

} 

} 

06paTHTe BHHMaHHe Ha bm3ob CBoficTBa Length b iiponepo'moM BbipaaceHim nincia 
for. OaKTiraecKii npn 3tom isbiabiisacTO-i mctoa, ho JIT-KOMniuraTop «3HaeT», tio Length 
HBJiaeTCH cbohctbom Knacca Ar ray, noaTOMy co3AaeT koa, b kotopom mctoa Bbi3biBaeTca 
Bcero oahh pa3, a noAyieHHbiH pe3yAKraT coxpaHaeTCH b npoMeacyTOHHOH nepeMeHHofi. 
Hmchho ee .sna'icime npoBepaeTCH Ha KaacAofi nTcpan,iin iiiiKAa. B pcay.iia a'ic TaKofi 
koa pa6oTaeT omoiii, 6bicTpo. HeKOTopbie paapaooTmi kh HeAooiieHiiBaioT bo3moachocth 
JIT-KOMmiAHTopa h niirnyT «yMiibiit koa», iibnaaci, homomi, ero pa6oTe. Oahako TaKnc 
nonbiTKH npaKTHHecKii BcerAa npiiBOAHT k cinraccmiio npoH3BOAHTeAbHOCTH, a Taioicc 
ACAaiOT roTOByio nporpaMMy hchohhthoh h HeyAo6Hofi aah pcAaKTiipoBaHiiH. IlosTOMy 
nycTb CBOHCTBO Length a 1 , 131.1 liacrca amoMaTn'iccioi. 

KpoMe toto, JIT-KOMniiAHTop «3HaeT», tio hiik i o6pamaeTCH k 3Ae.vtema.vi MacciiBa 
c 1 ly.TOiioii hhaotch rpaHimeH, yKa3biBaa Length -1. IIoaTOMy oh b npoiiecce BbinojiHe- 
hhh reHepupyeT koa, npoisepa ioiuhii, bcc ah OAC.vteinbi iiaxo/yiCM b rpaHimaxMacciiBa. 
A hmchho, npoBepaeTCH ycAOBiie: 

(0 >= a.GetLowerBound(0)) && ((Length - 1) <= a.GetUpperBound(0)) 

IlpoBepKa cicyiiiec'i iLTMCTCM ao namuia miKVia. B cjiyiac 11 ().to>kii[C‘.ti>ii oro pe3yAb- 
TaTaKOMraiAHTop Heco3AaeT b TeAe iiiiKAa koaa, npoBepniomero, He BbimeA ah hhackc 
3AeMeHTa 3a rpaHimbi Aiiana30Ha. Hmchho 3 a cict otoio ooeciic'iiibacTca BbicoKaa 
npOII3BOAHTeAbHOCTb AOCTyna K MaCCHBy. 

K coacaAeHiiio, oopamenne k .3AC.viem avt mhotomcphoto MacciiBa hah MacciiBa c He- 
HyACBOil HHJKHCit l |)OI I IIII ICli npOIICXOAHT HaMHOTO MCAACHHCH. BeAb B 3THX C.iyiaHX KOA 
npoBepKii HHAeKca hc bhhochtch 3a npeACAbi iiiiKAa h npoBepKa ocyiiicc'rii. : iMC'i CM Ha 
KaacAoii HTepapHH. KpoMe Toro, KOMmiAHTop Ao6aBAaeT koa, BbraiiTaiomHH H3 TeKymero 
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imACKca im/K'moio rpannuy MaccHBa. 3to Tai&icc .aaMCAAiiCT pa6oTy nporpaMMbi ;i,a>KC 
b cjiynae MHoroMepHbix MacciiBOB c HyjieBoii HiiacHefi rpannucii. Ecjih bm ccppicano 03a- 
6oAeHbI ll|)o6./IC.\10ii npOH3BO/I,HTejIbHOCTH, HMeeT CMbICJI HCn0JIb30BaTb HeperyjIHpHbie 
MaCCIIBbl (MaCCIIBbl MaCCHBOB). 

KpoMe Toro, b C# h CLR bo.3mo/KCii aoctvii k ajiCMcm a.vi MaccHBa npvi noMomii 
He6e3onacHoro (HeBepinjHmiipyeMoro) ao/ia. B stom c.i viae npopeAypa npoBepKH 
HHAeKCOB MaccHBa npocTO oTK'. iio'iacTca. /[aimaa Texmiica npiiMemiMa TOJibKO k Mac- 
ci-iBaM rana SByte, Byte, Intl6, UIntl6, Int32, UInt32, Int64, UInt64, Char, Single, 
Double, Decimal, Boolean, a TaKace k MaccuBaM nepenncAHMoro THna hjih CTpyKTypbi 
3HanHMoro Tuna c iio./immii o/uiom H3 BbimeyKa3aHHbix Timor. 

3Ty MO 111 IIV l() B03M03CH0CTb CJICAVCT HCn0JIb30BaTb Kpafme 0CT0P05KH0, TaK KaK 
OHa aacT npHMOH AOCTyn k iia.MHTti. IIpH stom BbixoA 3 a rpannubi MaccHBa He conpoBO- 
acaaeTca iiomtiemiCM iicK.iio'iemm; bmccto stoto nponcxoAHT noispoKAemie iia.via'ni, 
Hapyrnemie6e3onacHOCTH Timor h,CK opeeBcero, b CHCTCMbi6e3onacHOCTHnporpaMMbi 
noHBjnieTCH aecjaeKT. IIoaTOMy c6opice, coaepacameii He6e3onacnbiii koa, cjicavct o6e- 
criCHHTb nojrnoe AOBepne hjih ace npcAOCTais inr pa3peineHiie Security Permission, 
bkjhohhb cbohctbo Skip Verification. 

CaeAyiomHii koa AeMOHCTpnpyeT Tpn BapnaHTa AOCTyna k AByxMepHOMy Maccimy, 
BKJHonan 6e3onacHbiH AOCTyn, AOCTyn acpea iiepcry. : m|)iibiii MacciiB h He6e3onacHbiii 
AOCTyn: 

using System; 

using System.Diagnostics; 

public static class Program { 

private const Int32 c_numElements = 10000; 

public static void Main() { 

// 06bflB/ieHne AByxMepHoro MaccuBa 

Int32[,] a2Dim = new Int32[c_numElements, c_numElements]; 

// 06bflB/ieHne Hepery/iapHOro AByxMepHOro MaccuiBa (BeKTop BexTOpoB) 

Int32[][] aDagged = new Int32[c_numElements][]; 
for (Int32 x = 0; x < c_numElements; x++) 
a3agged[x] = new Int32[c_numElements]; 

// 1: 06pameHne k aiieMeHTaM CTaHflapTHbiM, 6e3onacHbiM cnoco6oM 
Safe2DimArrayAccess(a2Dim); 

// 2: 06pameHne k aneNieHTaM c ncno/ib30BaHneM Hepery/iapHoro MaccuBa 
Safe3aggedArrayAccess(aDagged); 

// 3; 06pameHne k aneNieHTaM He6e3onacHbiM mbtoaom 
U nsafe2DimArrayAccess(a2Dim); 

} 


private static Int32 Safe2DimArrayAccess(Int32[,] a) { 
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Int32 sum = 

for (Int32 x = 0; x < c_numElements; x++) { 

for (Int32 y = 0; y < c_numElements; y++) { 

sum += a[Xj y]; 

} 

} 

return sum; 

} 

private static Int32 SafeDaggedArrayAccess(Int32[][] a) { 

Int32 sum = 0; 

for (Int32 x = 0; x < c_numElements; x++) { 

for (Int32 y = 0; y < c_numElements; y++) { 

sum += a[x][y]; 

} 

} 

return sum; 

} 

private static unsafe Int32 Unsafe2DimArrayAccess(Int32[,] a) { 
Int32 sum = 0; 
fixed (Int32* pi = a) { 

for (Int32 x = 0; x < c_numElements; x++) { 

Int32 baseOfDim = x * c_numElements; 
for (Int32 y = 0; y < c_numElements; y++) { 
sum += pi[baseOfDim + y]; 

} 

} 

} 

return sum; 

} 

} 


MeTOfl Unsafe2DimArrayAccess HMeeT MO/uicjuiKaTop unsafe, KOTopwii hco6xoahm 
/VIA HHCTpyKPHH fixed H3bIKa C#. IIpn BbI30Be KOMmiJIHTOpa CJIC/iyCT yCTaHOBIITb 
nepeKJiiOHaTejib /unsafe hjih tjiJiaacoK Allow Unsafe Code Ha BKJiaAKe Build OKHa cbohctb 
npoeKTa b nporpaMMe Microsoft Visual Studio. 

CymecTByiOT cmyauuu, b kotophx «He6e3onacHbiH» AOCTyn OKaaiiiisacTca onTH- 
MajibHbiM, ho y Hero ecTb Tpn cepbe3Hbix iic/tociaTKa: 

□ koa o6parueHiiH k aneMCHTaM MacciiBa \iei ice uiiTa6ejieH h 6ojiee cjioaceH b HanHcaHHH 
H3-3a iipucyTCTBu h HHCTpyKpHH fixed h isbi'iucjicmiM a/tpecoii naMHTu; 

□ omuOKa b pac'ierax moscct npriBecTH k nepe 3 amiCH naMjmi, He ii|)inia;u : ie/Kaiucii 
MaccriBy, b peay. ibTaTC B 03 MoacHbi pa 3 pyuieHiie ieimhth, HapymeHiie 6 e 3 onacHOCTH 
THnoB h noTeHunajibHbie dpernri b cucTeMe 6 e 3 onacHOCTH; 

□ H3-3a BbicoKoii BepoHTHOCTii npodjieM CLR 3anpemaeT padoTy He6e3onacHoro 
Ko/ia b cpe/iax c noHiiaceHHbiM ypoBHeM 6e3onacHOCTH (Taicrix, KaK Microsoft 
Silverlight). 
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He6e3onacHbm floCTyn k MaccueaM 
m MaccHBbi cJjMKCMpOBaHHoro pa3Mepa 

He6e3onacHMH nocryn k MacciiBy HBJiaeTca Kpaime MomHbiM cpencTBOM, Tax KaK iimchho 
TaKoii AOCTyn naeT B03M0acH0CTb pa6oTaTb: 

□ c ajieMeHTaMii ynpaBjiaeMoro Maccirea, pacnojioaceHHMMii b kvic (KaK noKa3aHO 
b npe/i,biAymeM pa3Aejie); 

□ c ajieMeHTaMii Maccirea, pacnojiosceHHMMii b HeynpaBjiaeMOH Kyne (npiiMep 
SecureString H3 rjiaBbi 14 /iCMoiiCTpupycx He6e3onacHbiii mcto/p, nocTyna k Mac¬ 
ciiBy, B03BpamaeM0My mctoaom SecureStringToCoTaskMemUnicode KJiacca System. 
Runtime.InteropServices.Marshal); 

□ c ajieMeHTaMii Maccirea, pacnojioaceHHbiMii b ctckc noTOKa. 

lie./1II npOII3BO/I,HTejIbHOCTb J(J\'A BaC K|)l1TU'll[a, ynpaBJIHCMblfi MaCCHB MO/KI [() BMeCTO 
Kyan pa3MecTHTb b CTeKe noTOKa. /lyia 3Toro BaM iioxpeSycTca iniCTpyKHiia stackalloc 
a.3i>iKa C# (ee npnnnim neftcTBHa HanoMireaeT <|:)viikhiiio alloca aabiica C). OHano3BO- 
.laei coa/tfiisaTb o/i,iio\tepiii)ie Maccirebi a.ic.vicmoi! ./iiia'iu.viom THna c HyjieBOii 11n> kiic i! 
rpaHiincii. Ilpii 3tom .siiaaiiMbiii thii He nojiaceHconepacaTbHHKaKHX rlo./reii ccbi.ioanom 
Tima. IIo cyTH, bbi BbinejiaeTe 6jiok naMHTii, c kotophm mojkho pa6oTaTb npii noMomii hc- 
6e3onacHbix yKa3aTejiefi, noaTOMy aipec 3Toro 6yc|)epa Hejib3H nepenaBaTb 6ojibimiHCTBy 
FCL-MeTOAOB. Bpa/tc./ieimaa b CTeKe iia.viaxb (MacciiB) ainoMa'i uaecKii ociio6oac;i,ac'[ca 
iioc.ie aaisepmeiina .\ie'PO/i,a. Hmcipiio 3a caci atom h AOCxuiaeTca Bbiiirpbim b npoii3BO- 
AHTejibHOCTH. npH stom jinx KOMniuraTopa C# AOJiaceH 6biTb 3anaH napaMeTp /unsafe. 

MeTOA StackallocDemo neMOHCTpiipyeT npirnep iicnojib30BaHHH HHCTpyKpuH 
stackalloc: 

using System; 

public static class Program { 
public static void MainQ { 

StackallocDemo(); 

InlineArrayDemo(); 

} 

private static void StackallocDemo() { 
unsafe { 

const Int32 width = 20; 

Char* pc = stackalloc Char[width]; // B CTeKe BbiAe^neTca 

// naMATb nofl MaccuB 

String s = "Jeffrey Richter"; // 15 cmmboaob 

for (Int32 index = 0; index < width; index++) { 
pcfwidth - index - 1] = 

(index < s.Length) ? s[index] : 

} 
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// C/ieflyiomafl MHCTpyKLtna bwboaht Ha axpaH ".rethciR yerffeJ 

Console.WriteLine(new String(pc, 0, width)); 

} 

} 

private static void InlineArrayDemo() { 
unsafe { 

CharArray ca; // naMflTb noA mbcchb BbiAenneTCfl b CTeKe 
Int32 widthlnBytes = sizeof(CharArray); 

Int32 width = widthlnBytes / 2; 

String s = "Jeffrey Richter"; // 15 cmmboaob 

for (Int32 index = 0; index < width; index++) { 
ca.Characters[width - index - 1] = 

(index < s.Length) ? s[index] : 

} 

// CAeAyKinas MHCTpyKLpMH bnboaht Ha axpaH ".rethciR yerffeJ 

Console.WriteLine(new String(ca.Characters, 0, width)); 

} 

} 

} 

internal unsafe struct CharArray { 

// 3tot MaccHB BCTpaMBaeTCa B CTpyKTypy 
public fixed Char Characters[20]; 

} 


TaK KaK MaccHBbi othochtch k ccbuiOHHbiM ranaM, none MaccHBa, onpeneneHHoe 
b CTpyKType, conepacHT yicaaaTe.iP) hjih ccbijiKy Ha stot MacciiB; npn stom caM oh pac- 
nonaraeTCH BHe naMHTH CTpyKTypbi. Biipo'ieti, cymccmycT B03M0acH0CTb BCTpoHTb 
MacciiB i[(‘iiocpc/i,CTiscimo b CTpyKTypy. Bbi sto BH/ienH b noKa3aHHOM none Ha iipii.vicpc 
CTpyKTypbi CharArray. IIpii stom nonacHbi coonionaTPiCa cne/p,yioiniie ycnoBira: 

□ Tim nojiaceH 6biTb CTpyKTypofi (aiia'PiiM p>im thhom), BCTpaHBaTb MacciiBbi b KJiacc 
(ccPii.TO'iiiiiiii ran) i[C./ip>3m; 

□ none hjih CTpyKTypa, b KOTopofi oho onpeneneHO, nonacHO 6biTb noMeneHO moah- 
cjiiiKaTopoM unsafe; 

□ noire MacciiBa non ace ip 6biTb iiomcpciio mo/i,ii<)) iiKa'iopovi fixed; 

□ MacciiB AOJiaceH 6biTb o.fiio.viepiiiJM h c HyjieBOii ip pi>kipc ii rpanimcii; 

□ 3, : ie.viem i)i MacciiBa MoryT pi|)iti la/p/POKapij. Tonwco k TimaM: Boolean, Char, SByte, 
Byte, Int32, UInt32, Int64, UInt64, Single h Double. 

BcTpoeHHbie MacciiBbi o6bihho npiiMeHHioTCH b ciieHapiinx, pa6oTaioiii,Hx c He- 
6e3onacHbiM koaom, b kotopom HeynpaBjineMaH CTpyKTypa /laiiin.ix TaKace coAepacHT 
BCTpoeHHbiiiMacciiB. BnponeM, hiikto He3anpemaeTHcnojib30BaTb hxhb .tpyiTixcny- 
naax, Hanpimep, KaK noKa3aHO paHee b MeTOAe InlineArrayDemo, KOTopbiii no-CBoeMy 
pernaeT Ty ace 3aAany, hto h mctoa StackallocDemo. 
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B 3toh ruaBe paccKa3biBaeTca o ni>[ 1 taii no nojie3HOM MexaHH3Me, KOTopbrii hc- 
nojib3yeTCH yace MHoro jieT h Ha3biBaeTca cfiymain hmh o6paTHoro Bbi30Ba. B Microsoft 
.NET Framework stot Mexamr3M no/mepacHBaeTca npn noMomn denezamoe (delegates). 
B otjihhhc ot apyrux njiaTcj)opM, Hanpimep HeynpaBJiaeMoro H3biKa C++, aeaeraTbi 
odjia/iaiOT 6ojiee mripoKofi 4)yHKu,noHajibHOCTbio. HanpriMep, ohh odecnenriBaiOT 
6e3onacHOCTb tmtiob npn u i>i 11o. r11 01 1it n oSpa/moro Bbi30Ba (cnocodcTBya pemeHiiio 
OflHori m 3 BaacHeiimHx aa/iyi't CLR). KpoMe Toro, ohm oocciic'iiiiiaioT B03M0acH0CTb no- 
c. : re/3)BaTC. ii)i[or'o Bbi30Ba HecKOJibKHx MeTOAOB, a raiOKC Bbi30Ba KaK CTaTimccioix, TaK 
H ;:)K3CMII. ; IM|)I[I.IX MeTOflOB. 


3HaKOMCTBO c Ae/ieraTaivm 

OyHKM,HH qsort iiciio.maiomeii cpe/i,bi C nojiynaeT yKasaicvib Ha (jiymmmo odpaTHoro 
BbI30Ba COpTMpOBKII .'VIC.VICIITOB MaCCHBOB. B Windows MexaHH3M odpaTHOrO Bbl- 
30Ba Hcnojib3yeTca okohhmmh npou,e/i,ypaMH, npon,e/i,ypaMM nepexBaTa, acriHxpoHHbiM 
Bbi30B0M Ii|)0ncvtyp h ap. B .NET Framework MeTOAbi o6pa:moro Bbi30Ba raiOKC hmciot 
MH oroHHcaeHHbie npHMeHeHHH. K npHMepy, MoacHO 3aperiiCTpnpoBaTb TaKoii Mera/i, /uih 
nojiyHeHHH pa3JiimHbix viicao-vuieiiiiii: o Heo6pa6oTaHHbix ncK.iio'iemiMx, H3MeHeHHH 
COCTOHHIIH OKOH, BBIOOpC nyHKTOB MeHIO, H.J.VieiieimMX cjjaHJIOBOH CHCTeMbI H 3aBepme- 
hhh acriHxpoHHbix onepapHH. 

B HeynpaBJiaeMOM m 3 i»ikc C/C++ aapcc (JjyHKijHH — He donee mcm aapcc b naMHTH, 
He iiecymnii /pjiio.minc./ibiioii iii[())opMannn. B iic.vi He co/i,cp>KHTC>i 111[<))opj.viai lh a hii 
o KOjnraecTBe oauyi.ae.Mbix (jiyiiKHneii napaMeTpoB, hh 06 hx THne, hh o THne B03Bpa- 
rttaeMoro (jiymauieii .sna'ieinia, hh o npaBHjiax Bbi30Ba. /IpyrnMH caoBaMH, cjyviiKmiii 
odpaTHoro Bbi30Ba C/C++ He ooccnc'imsaiOT 6e3onacHOCTb thhob (xoth hx ii OTjirraaeT 
BbICOKaH CKOpOCTb BbinOJIHeHim). 

B .NET Framework (JjymutHH o6paTHoro Bbi30Ba mpaiOT He MeHee Baaoryio pojib, neM 
npn i[eyiipaii./iMCMOM nporpaMMiipoBaHiiH /lyia Windows. O.yiiaKO aaimaa njiaTcjjopMa 
npeAOCTaBjuieT b pacnopaaceHire pa3pa6oTHHKa dejiezamoe — MexammM, 6e3onacHbiii no 
OTHomeHiiio k TiinaM. PaccMOTpriM npimep ofnaiii. iemia, co.3/iaHH>T h iiciio.iij.soiiamia 
AejieraTOB: 
using System; 

using System.Windows.Forms; 
using System.10; 


// OSbAB^eHne ae/ieraTa; 3K3eMn/iflp ccbmaeTCS Ha MeTOfl 
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// c napaMeTpoM Tuna Int32, B03BpamaiomnM 3HaneHne void 
internal delegate void Feedback(Int32 value); 

public sealed class Program { 
public static void Main() { 

StaticDelegateDemo(); 

InstanceDelegateDemo(); 

ChainDelegateDemol(new Program()); 

ChainDelegateDemo2(new Program()); 

} 

private static void StaticDelegateDemo() { 

Console.WriteLine("- Static Delegate Demo -"); 

Counter(l, 3, null); 

Counter(lj 3, new Feedback(Program.FeedbackToConsole)); 

Counter(lj 3, new Feedback(FeedbackToMsgBox)); // npetjjmcc "Program." 

// He o6fi3aTeneH 

Console.WriteLine(); 

} 

private static void InstanceDelegateDemo() { 

Console.WriteLine("- Instance Delegate Demo -"); 

Program p = new ProgramQ; 

Counter(lj 3, new Feedback(p.FeedbackToFile)); 

Console. WriteLineQ; 

} 

private static void ChainDelegateDemol(Program p) { 

Console.WriteLine("-Chain Delegate Demo 1-"); 

Feedback fbl = new Feedback(FeedbackToConsole); 

Feedback fb2 = new Feedback(FeedbackToMsgBox); 

Feedback fb3 = new Feedback(p.FeedbackToFile); 

Feedback fbchain = null; 

fbchain = (Feedback) Delegate.Combine(fbChain., fbl); 
fbchain = (Feedback) Delegate.Combine(fbChain., fb2); 
fbchain = (Feedback) Delegate.Combine(fbChain., fb3); 

Counter(lj 2, fbchain); 

Console. WriteLineQ; 
fbchain = (Feedback) 

Delegate.Remove(fbChainj new Feedback(FeedbackToMsgBox)); 

Counter(lj 2, fbchain); 

} 

private static void ChainDelegateDemo2(Program p) { 

Console.WriteLine("- Chain Delegate Demo 2 -"); 

Feedback fbl = new Feedback(FeedbackToConsole); 

Feedback fb2 = new Feedback(FeedbackToMsgBox); 

Feedback fb3 = new Feedback(p.FeedbackToFile); 

Feedback fbchain = null; 

npodojincenue & 











436 QiaBa 17 . fle/ieraibi 


fbchain += fbl; 
fbchain += fb2; 
fbchain += fb3; 

Counter(l, 2, fbchain); 

Console. WriteLineQ; 

fbchain -= new Feedback(FeedbackToMsgBox); 

Counter(l, 2, fbchain); 

} 

private static void Counter(Int32 from, Int32 to. Feedback fb) { 
for (Int32 val = from; val <= to; val++) { 

// Ec/in yKa3aHbi MeTOflbi o6paTHoro Bbi30Ba, Bbi3biBaeM nx 
if (fb != null) 
fb(val); 

} 

} 

private static void FeedbackToConsole(Int32 value) { 

Console.WriteLine("Item=" + value); 

} 

private static void FeedbackToMsgBox(Int32 value) { 

MessageBox.Show("Item=" + value); 

} 

private void FeedbackToFile(Int32 value) { 

using (StreamWriter sw = new StreamWriter("Status", true)) { 
sw.WriteLine("Item=" + value); 

} 

} 

PaccMOTpiiM 3tot koa 6ojiee noApo6HO. IIpeacAe Bcero ciieAyeT o6paTHTb BHiiMaHiie 
Hao6i>HBJieHiie BHyTpeHHero AeaeraTa Feedback. Oh 3a,a,aeT curaaTypy MeroAao6paT- 
Horo Bbi30Ba. ^aHHbiii AeaeraT onpeACJiaeT MeTOA, npumiMaiomiiH oahh napaMeTp Tuna 
Int32 h lioaiipamaiomuii anauemie void. Oh HanoMimaeT kviioucboc cjiobo typedef H3 
C/C++, KOTopoe npeAOCTaBjiaeT anpec cfiyiiKUHH. 

Kjiacc Program onpeAeiweT 3aicpbiTbiH CTaTHHecKHH mctoa Counter. Oh nepe6npaeT 
u,ejibie HHCJia b AnaiiaaoiK', aa/iamiOM apryMeHTaMH from h to. Taiotce oh npiiHiuviaeT 
napaMeTp fb, KOTopbiii HBJiaeTCH ccbijiKoii Ha AeaeraT Feedback. Mctoa Counter nepe- 
6npaeT uiic. ; ia b iiiiKJie h p,jia KaacAoro 113 hiix npn ycjioiiiiu, uto iiepeMcmiaa f b He 
paBHa null, BbinojiHueT m^toa o6paTHoro Bbi30Ba (onpeAejieHHbifi nepeMeHHOH fb). 
IIpH 3 tom mctoav o6paTHoro Bbi30Ba iicpc/iacTca 3 [ ra'ici i nc o6pa6aTbiBaeMoro .3, : ie.vicma 
h ero HOMep. Pea.;m.3anua aaimom MCTO/ia mo/icct o6pa6aTbiBaTb ojic.vtci rr ia TaK, KaK 
CHHTaeT HyaCHbIM. 
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06paTHblM Bbl30B CTaTMHeCKMX MeTOAOB 

Tenepb, Koiyia mh pa3o6pajni npiiHitiin pa6oTbi Mero/ia Counter, paccMOTpiiM npoiteAypy 
HCn0JIb30BaHHH ACACiaTOB AAH BbI30Ba CTaTHHeCKHX MeTOAOB. J\jin npHMepa B03bMeM 

mctoa StaticDelegateDemo H3 npeACTaBJieHHoro b npeAbmymeM pa3Aejie KOAa. 

MeTOA StaticDelegateDemo Bbi3biBaeT mcto/i Counter, iicpe/unias-i b TpeTbeM na- 
paMeTpe f b .snauciuTe null. B pe3yjibTaTe npn o6pa6oTKe 3Ae.vtem ob He aa/tei-icTisyeTCM 
MCTOA 06 paTH 0 r 0 BbI30Ba. 

IIpn BTopoM Bbi30Be MCTOAa Counter mcto/iom StaticDelegateDemo TpcibCMy na- 
paMeTpy nepe^aeTCH TOJibKO hto C03AaHHbiii AeJieraT Feedback. 3tot AeaeraT cuyacHT 
OOO./IO'IKOii J{J\A Apyroro MeTOAa, I103B0AH A BbmOJIHHTb o6paTHbIH BbI30B IIOC./ICAliem 
KOCBeHHO, Mope;:) ooo./io'ikv. B paccMaTpuBaeMOM npuMepe u.vui c rai uuecKoio MeTOAa 
Program. FeedbackToConsole nepeAaeTCH KOHCTpyKTopy Feedback, yKa3biBaa, hto 
hmchho aah Hero Tpe6yeTCH C03AaTb o6ojiOHKy. Bo3BpameHHaH onepaTopoM new ccbuiKa 
nepeAaeTCH TpeTbCMy napaMeTpy MeTOAa Counter, KOTopbifi b npoiiecce BbinojmeHiiH 
6yAeT Bbi3biBaTb ciai irfecKTiii mctoa FeedbackToConsole. nocjieAHHH ate npocTO bh- 
boaht Ha KOHCOJib CTpoKy c Ha3BaHHeM o6pa6aTbiBaeMoro .ajie.Ytcina. 

nPMMEHAHME 

MeTOA FeedbackToConsole onpeAe/ieH BTnne Program KaK3aKpbiTbin, ho npn 3tom mo- 
xeT 6biTb Bbi3B3H MeTOAOM Counter. TaK Kax 06a MeTOAa onpeAeaeHbi b npeAenax oahoto 
Tuna, npob/ieivi c 6e3onacHOCTbio He B03HHKaeT. Flo Aaxe ecru 6bi mctoa Counter 6bm 
onpeAe/ieH b APyroM Tune, 3to He CKa3a/iocb 6bi Ha paboTe KOAe. flpyrnMn cnoBaMi/i, 
ec/in koa oahoto Tuna Bbi3biBaeT nocpeACTBOM AeaeraTa 3aKpbiTbin H/ieH APyroro Tuna, 
npob/ieM c be3onacHOCTbio nan ypoBHeM AOCTyna He B03HnKaeT, ecan AeaeraT co3AaH 
b KOAe, HMeioiAeM HyxHbin ypoBeHb AOCTyna. 

TpeTHii bm30b MeTOAa Counter BHyTpn MeTOAa StaticDelegateDemo oTjiirtaeTCH 
ot BToporo TeM, tio acaciat Feedback hbjihctch o 6 ojiohkoh aah ciai HnecKoro mctoaa 
Program.FeedbackToMsgBox. Hmchho mctoa FeedbackToMsgBox co3AaeT CTpoKy, 
yKa3biBaiOHtyio Ha o6pa6aTbiBaeMbifi :);icmci[t, KOTopaa 3aTeM bmboahtch b okhc b bhac 
coo6uteHHH. 

B atom npuMepe iiii'ito He HapymaeT 6 e 3 onacHOCTb TunoB. K npimepy, npn C03- 
AaHHH ACjiera'ra Feedback KOMnmiHTop y 6 e>i<AacTCM b tom, hto ciirHaTypbi mctoaob 
F eedbackToConsole h FeedbackToMsgBox Tuna Program cobmccthmm c curaaTypoH 
AC. : iera:ra. 3to oananacT, tio 06a MeTOAa 6yAyT npiiHHMaTb oahh h tot ace apryMeHT 
(Tuna Int32) h lioanpamaTb .sna'temie oahoto ii toto ace Tuna (void). OAuaKo nonpo- 
6 yeM onpeACAHTb mctoa FeedbackToConsole bot TaK: 
private static Boolean FeedbackToConsole(String value) { 

} 

B atom cayiae KOMnmiHTop BbiAacT coo6meHiie 06 ouiH6Ke (crinia'rypa MC'iOAa 
FeedbackToConsole hc cooTBeTCTByeT Tuny AeaeraTa): 

error CS0123: No overload for ’FeedbackToConsole’ matches delegate ’Feedback’ 
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KaK C#, TaK h CLR no/taepaciiBaiOT KOBapnaHTHOCTb h KOHTpaBapiiaHTHOCTb ccbuion- 
Hbix TiinoB npii npiiBH3Ke MeTO/i,a k /le/ieraTy. Koeapuanmnocmb (covariance) 03HanaeT, 
hto mcto/i, mo'/KCt B03BpaTHTb ran, npoH3BOflHbiH ot Tima, B03BpamaeMoro ae/ieraTOM. 
KoHmpaeapummmcmb (contra-variance) 03HanaeT, hto mcto/i, MoaceT npimiiMaTb na- 
paMeTp, KOTopbiii hh.ihctch 6a30BbiM ana Tnna napaMeTpa /ic/ierara. HanpriMep: 

delegate Object MyCallback(FileStream s); 

Oiipe/ienim /icjierar TaKi-iM o6pa30M, Moamo no/iymiTb 3K3e.vm.mp otoi o acnera'ia, 
CBH3aHHbiH c mcto/iom, npoTOTHn KOToporo m>i ma/urr npuMepHO TaK: 

String SomeMethod(Stream s); 

3/iecb ran 3HaneHiiH, B03Bpart[aeMoro mctoaom SomeMethod (ran String), HBJiaeTCH 
npori3BO/i,HbiM ot rana, noaispamae.vioio acjieraiOM (Object); Taiaia KOBapnaHTHOCTb 
pa3pemeHa. Tim napaMeTpa MeTO/i,a SomeMethod (Tim Stream) nBJineTCH 6a30BbiM 
KJiaccoM nan Tima napaMeTpa neaerara (FileStream); TaKan KOHTpaBapiiaHTHOCTb 
Toace pa3pemeHa. 

06paTHTC BHIIMaHIie, HTO KOBapiiaHTHOCTb H KOHTpaBapiiaHTHOCTb nO/taepaCIIBaiOTCH 
■[■<).ti.ko ,yia ccbi. io'iiibix TimoB, ho hc/ t : m ananiiMbix TimoB uan aua'iemm void. K npii- 
Mepy, CBH3aTb caeayiomiiii mcto/i, c neneraTOM MyCallback HeB03MoacHo: 

Int32 SomeOtherMethod(Stream s); 

l lecMOipa Ha to tio Tim 3HaneHim, B03BpamaeMoro mcto/iom SomeOtherMethod 
(to ecTb Int32), annae'icn npoii3BO/i,HbiM ot rnna .siia'iemin, B03BpamaeMoro mcto/iom 
MyCallback (to ecTb Object), TaKan cjiopMa KOBapiiaHTHOcra HeB03MoacHa, noTOMy hto 
Int32 — 3to aiia'iiiMbiii Tin. 3na'iii.\ibic THnbi h void He MoryT Hcnojib30BaTbCH KOBa- 
piiaHTHO h KOHTpaBapriaHTHO, noTOMy hto hx CTpyKTypa naMHTii mchhctch, b to bpcmh 
K aK /pin ccbi. io'iiibix TimoB CTpyKTypoii iiaviani b . iiooom c/iynae ocaac'icn yKaaaTeab. 
K C'lacTbio, npii nonbiTKe Bbino/iHiiTb 3anpemeHHbie nciicmna KOMmianTop B03BpamaeT 
coo 6 memie 06 omn 6 Ke. 


06paTHblM Bbl30B 3K3eMn/iqpHblX MeTOflOB 

Mbi paccMorpejin npon,e/i,ypy Bbi30Ba npii noMomii /icaeraTOi! CTaTHnecKiix mcto/iob, 
HO OHII IIO.'iliO.TMIOT BbI3bIBaTb TaKaCe OICiC.Yt11.1M))lI bIC MeTOAbl 3a/i,aHHoro o6beKTa. Pac- 
CMOTpiiM Mexami3M 3Toro Bbi30Ba Ha npimepe mcto/ui InstanceDelegateDemo H3 no- 
Ka3aHHoro paHee Kona. 

06paTiiTe BHiiMaHiie, hto o6neKT p Tima Program co3/iaeTCH BHyTpii MeTona 
InstanceDelegateDemo. IIpii stom y Hero OTcyTCTByioT oicsevniaapubie iio.t a h cboh- 
CTBa, nocKoabKy oh CKOHCTpyiipoBaH c aeMOHCTpaniiOHHbiMii nejiHMii. Koraa npii Bbi30Be 
MeTO/i,a Counter coa/iacrcn none ran Feedback, ero KOHCTpyKTopy iiepc/iac'icn o6neKT 
p. FeedbackToFile. B peayn biarc acjierar iipenpamacTcn b ooonoaKv /pin ccbi. iini Ha 
Memp, FeedbackToFile, KOTopbiii nunnc'icn He CTaranecKiiM, a .3icac.Mri, iai])11 i>im mcto- 
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AOM. Kor,a,a mcto/i, Counter o6pamaeTCH k Mero/iy o6paTHoro Bbi30Ba, KOTopbifi 3a/i,aH 
apryMeHTOM fb, Bbi3biBaeTca i<3C.\t ri .1 m|> 1113 ii mcto/i FeedbackToFile, a a/ipec TOJibKO 
hto coa/iaimoro o6beKTa p nepenaeTCH OTO.viy MeTOAy b ica'iecnsc HeaBHoro apryMeHTa 

this. 

Mctoa FeedbackToFile OTjniHaeTCH otmctoaob FeedbackToConsole h FeedbackTo- 
MsgBox TeM, '{to OTKpbiBaeT (jiaii.T h AonncbiBaeT b ero icon on CTpoKy (co3/i,aHHbiH hm 
<|) aii.T Status iiaxo/priCM b namce AppBase npn.TOKcnna). 

KaK BHAHTe, /{C.Teraxbi MoryT cjiyacHTb o6ojiohkoh KaK /p/rai ciaTunccicux, TaK h ,yn>i 
3K3eMnjuipHbix mcto/iois. B 1 iocjie/ 1,1 ic.vi c.Tyiac /{CJierax /{o.t'/icoii 3HaTb, KaKoii oicicm- 
njiap o6beKTa 6ya,eT o6pa6aTbiBaTb Bbi3biBaeMbiii hm Mera/i,. Co3/i,aBaji o6ojionKy ana 
3K30MnjiHpHoro MeTO/ia, bh npe/i,ocTaBJiHeTe KOAy BHyTpn o6beKTa nocryn k pa3JiiiHHbiM 
HjieHaM oicac.vm.Tnpa o6beKTa. 3 to o.siia'iacr iia. iii'inc y o6beKTa coctohhiih, KOTopoe 
MO/KCT HCn0JIb30BaTbCH BO ISpCMM ISI.IIIO. IIICmia MCTO/ta o6paTHOrO BbI30Ba. 


Tohkoctm ncnojib 30 Bam/m A^-neraTOB 

Ha nepBbiii n:irvrai/i, pa6oTaTb c /{CJieraiaMii jierKO. Ohii oii|)c;{C.tmiotcti npn noMomu 
KJnoneBoro cjiOBa C# delegate, onepaTop new coa/iaer OKae.Yiii.Tnpbi /{cacraTOii, a ana 
06paTH0r0 BbI30Ba CJiyaCHT V/KC 3HaKOMbIH CHHTaKCHC. B IIOC.TC/{IICM C.TyiaC BMeCTO 
HMeHH MCTO/ia yKaabiiiacTCTi ccbi.TaioiiiaacH Ha /le.TcraT nepeMeHHaa. 

Ha caMOM aejie bcc o6ctoiit hcckojibko cuoacHee, hcm neMOHCTpupyioT npiiBeaeHHbie 
npHMepbi. nojib30BaTejiH npocTO He oco3HaiOT iiccn cjio»chocth npoiiecca o.iaro/iapn 
pa6oTe KOMnHjiHTopoB h CLR. 0,1,1 iaico b otom pa.3AC.Te paccMaTpiiBaioTCJi Bee tohko- 
cth peajiH3au,iiH /icacraTOis, TaK KaK 3 to iiomo>icct HaM nona i b iipnitunri hx pa6oTbi 
h iiayiiiT bca npHMeHHTb hx ;)()k))CKttiiiiio h pau,HOHajibHO. Taioicc 6y;iyT paccMOTpeHbi 
HeKOTOpbie ;|OII().TIII1TC.Tblll)IC B03M0ACH0CTH /IC.TCraTOIS. 

BiiiiMaTC.;u,iio nocMOTpHTe Ha c.Te/iyiomvTO CTpoKy: 

internal delegate void Feedback(Int32 value); 

OHa aacTaii.TMCT komiiit.thtop co37iaxb nojiHoe oiipe/ic.TCinio Kjiacca, KOTopoe bbi- 
tjihaht npiiMepHO TaK: 

internal class Feedback : System.MulticastDelegate { 

// KOHCTpyKTOp 

public Feedback(Object object, IntPtr method); 

// MeTOfl, npOTOTnn KOToporo 3ap,an B mcxoahom TeKCTe 
public virtual void Invoke(Int32 value); 

// MeTOflbi, o6ecneHHBaiomne aoiHxpoHHbiii o6paTHbiii bn3ob 
public virtual IAsyncResult BeginInvoke(Int32 value, 

AsyncCallback callback, Object object); 
public virtual void EndInvoke(IAsyncResult result); 

} 
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K./iacc, onpe/teaeimbiii komiihjijitopom, coaepacuT aeibipe MeTO/ta: KOHCTpyKTop, 
a TaKate MeTOAbi Invoke, Beginlnvoke h Endlnvoke. B stoh rjiaBbi mm b ochobhom 6y- 
fleMpaccMaTpiiBaTb KOHCTpyKTop n mctoa Invoke. MeTOAbi Beginlnvoke ri Endlnvoke 
othochtch k moaca h acHHxpoHHoro nporpaMMiipoBamiH .NET Framework, KOTopaa 
cciinac CMirracroi ycTapeBmeii. Orra 6buia 3aMeHeHa aciiHxpoHHbiMii oneparrimMir, 
KOTopbie paccMaTpriBaroTca b i.iaise 27. 

Hccae/iOBaB riToroByio c6opKy npn noMomu yTHAHTbi ILDasm.exe, moacho y6e- 
AHTbca, mio KOMirruiaTop AericTBHTeAbtro aBTOMamaecKii crenepiipoisa.;i stot K./iacc 
(puc 17.1). 



Puc. 17.1. CreHepnpoBaHHbie xoMnnamopoM MeTaAaHHbie Aeaeraia 


B atom npHMepe komiihahtop onpeAC./m./i K./iacc Feedback, npoH3BOAHbifi ot Tima 
System.MulticastDelegate H3 6h6ahotckh K.iaccois Framework Class Fibrary (Bee 
Timbi Acvicraxoii mimmiotcm noTOMKaMii MulticastDelegate). 


BHMMAHME 

Kaacc System.MulticastDelegate aBaaeTcn npou3BOAHbiM ot xaacca System.Delegate, 
KOTopbiti, b cbohd onepeAb, HacaeAyeTOT icnacca System.Object. flBa xaacca AeaeraTOB 
noaBnancb ucTopusecxu, b to BpeMn xax b FCL npeAnoaaraaca Toabxo oauh. BaM cae- 
AyoT noMHMTb 06 obonx Kaaccax, Tax xaxAaxe ecan BbibpaTb b xanecTBe 6a30Boro xaacc 
MulticastDelegate, Bee paBHO nHorAa npnxoAUTca paboTaTb c AeaeraTaMn, ncnoab3yio- 
laumi/i MeTOAbi xaacca Delegate. CxaxeM, hmchho 3TOMy xaaccy npuHaAaexaT CTaTune- 
cxne MeTOAbi Combine n Remove (otom, 3aMeM ohh HyxHbi, Mbi noroBopnM aym no3xe). 
CnrHaiypbi 3thx mctoaob yKa3biBaiOT, hto ohh npnHnMaiOT napaMeTpbi xaacca Delegate. 
Tax xaxTnn Bainero Aeaeraia aBaaeica npon3BOAHbiM ot xaacca MulticastDelegate, Aaa 
xoToporo 6a30BbiM aBaaeTca xaacc Delegate, MeTOAaM moxho nepeAaBaTb 3X3eMnaapbi 
Tuna AeaeraTa. 


3to 3aKpbiTbiH K./iacc, TaK KaK AeAeraT oObaii.iacTCM b hcxoahom koac c .vio/i,n<j)ii- 
KaTopoM internal. Ecah obbHBiiTb ero c MOAncjrriKaTopoM public, creHepupoBaHHbifi 
KOMiriiAHTopoM K./iacc Feedback 6vact OTKpbiTbiM. C.iCAycT noMHiiTb, mto Acvicrai bi 
mO/Kiio onpeAeAHTb KaK BHyTpir K./iacca (ii. io>KCiiiii)ic b Apyroii K./iacc), TaK n b r.iooa.ib- 
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Hofi o6jiaCTH BHAHMOCTH. Ilo CyTH, TaK KaK AejieraTbl HBJIHIOTCH KJiaCCaMH, HX M05KH0 
oiipc;i,c. : iiiTP) b jiio6om MecTe, i/pc mo>kct 6biTb oiipc/pc. : icii KJiacc. 

JIio6bie THnbi /pcjicraTOii — sto eotomkh KJiacca MulticastDelegate, ot KOToporo 
ohh nac.'ic/pyicri Bee nojia, CBoftcTBa n mctoam. Tpn caMbix BaacHbix no./m oniicaiibi 
b Ta6a. 17.1. 


Ta6/iMua 17.1. BaxHeMwue 3aKpbiTbie nona K/iacca MulticastDelegate 


none 

Tun 

OnucaHMe 

_target 

System.Object 

Ecah AeaeraT hbahctch o 6 oaoukoh cTaTimecKoro 
MeTOAa, 3 to noae coAepxiiT 3HaueHiie null. Ecah Ae- 
AeraT hbahctch o 6 oaoukoh 3K3eMnAsrpHoro MeTOAa, 
noAe ccbiAaeTCH Ha o 6 t>ckt, c kotophm 6yAeT paboTaTB 
MeTOA obpaTHoro BM30Ba. HpyrHMii cAOBaMii, noAe 
yKa3biBaeT Ha 3HaueHiie, KOTopoe CAeAyeT nepeAaTb 
napaMeTpy this 3K3eMnAnpHoro MeTOAa 

_methodPtr 

System.IntPtr 

BHyTpeHHee rpeAonucAeHHoe 3HaneHiie, ncnoAb3yeMoe 
CLR aah HAeHTucjMiKaipHH MeTOAa obpaTHoro Bbi30Ba 

_invocationList 

System.Object 

3to noAe obbimro HMeeT 3HaneHne null. Oho moxct 
ccbiAaTbca Ha MacciiB AeAeraTOB npn nocTpoeHini 113 

HHX ipenOUKH (06 3TOM MbI noroBopHM uyTb no3*e) 


06paTHTe BHiiMaHiie, tio KOHCTpyKTop bccx /pcjicra'iois npiiHimaeT /pea napaMeTpa: 
ccbuiKy Ha oD'PjCkt ii i pe.aoe a nc./io, ccbuiaioiLpeecji Ha mctoa o6paTHoro Bbi30Ba. Ho b tckctc 
hcxoahoto Ko/pa 'iy;pa nepe/paiOTCH Taiaie .iiia'ieiiiia, KaK Program. FeedbackToConsole 
haii p. FeedbackToFile. BepoHTHO, Becb Bam onbiT nporpaMMupoBaraiH noACKa3biBaeT, 
hto 3tot koa KOMmiJiiipoBaTbCH He 6yAeT! 

O/piiaia) kom 11 ipjiMTop 3HaeT o tom, 'no co.'ypacTCM /peyieiax, h, npoaHajiH3iipoBaB koa, 
oiipc/peaHCT oo'bCKT h MeTOA, Ha KOTopbie mm ccbiaaeMCH. CcbiAKa Ha ootjCict iiepcAacTcai 
b napaMeTpe object KOHCTpyKTopa. CneipiiajibHoe 3HaneHiie IntPtr (iiojiytacMoe H3 
MapKepoB MeTaAaHHbix MethodDef hah MemberRef), HACHTHcjumupyiomee mctoa, nepe- 
AaeTca b napaMeTpe method. B CAyuae CTaTimecKiix mctoaob napaMeTp object nepeAaeT 
ana'toiiiie null. BHyTpn KOHCTpyKTopa aiia'peiiiia sthx /pipyx apryMeHTOB coxpaii fitch b 
3aKpbiTbix noAHx _target h _methodPtr cooTBeTCTBeHHO. KpoMe toto, KOHCTpyKTop 
npucBaiiBaeT .iiia'ieuue null 110.110 _invocationList. O iiaaiia'icuiiii stoto i i 0.1 a mm 
noApo6HO noroBopHM b pa3Aeae, nocBjmpeHHOM iienouKaM AeaeraTOB. 

TaKHM o6pa30M, ak>6oh AeaeraT — sto bccto AHnib o6epTKa aah MeTOAa h o6pa6aTbi- 
BaeMoro sthm mctoaom o6beKTa. 11 o.sio.viy b c;ie/pyioiniix CTpoaicax KOAa nepeMeHHbie 
fbStatic h f blnstance ccbiaaiOTCH Ha Alia pa3Hbix o6beKTa Feedback, hhiiu,iicPah3h- 
poBaHHbix, KaK noKa3aHO Ha pnc. 17.2: 

Feedback fbStatic = new Feedback(Program.FeedbackToConsole); 

Feedback fblnstance = new Feedback(new Program().FeedbackToFile); 
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Pmc. 17.2. BepxHHH nepeMeHHan ccbmaeTca Ha Aeneraia CTaTunecKoro MeTOAa, 
hmxhhh — Ha Ae/ieraia 3K3eMnjinpHoro MeTOAa 


Tenepb, Kor^a bm no3HaKOMHJincb c npoiieccoM coaiauna /tcjicraioii h hx BHyTpeH- 
Heii CTpyKTypoii, noroBopuM o mcto/pix o6paTHoro Bbi30Ba. PaccMOTpHM eme pa3 koa 
M eTOAa Counter: 

private static void Counter(Int32 from, Int32 to. Feedback fb) { 
for (Int32 val = from; val <= to; val++) { 

// Ec/in yKa3aHbi weTOflbi o6paTHoro Bbi30Ba, BbBbiBaeM mx 
if (fb != null) 
fb(val); 

} 

} 

06paTHTe BHHMaHi-ie Ha CTpoKy noA KOMMeHTapiiCM. HiicipyKHiiM if cuana/ia npo- 
BepaeT, He coAepaaiT ah iiepe.vieimas-i f b ana'icmiM null. Ecah npoBepKa npoHAeHa, o6pa- 
maeMCH k MeTOAy o6paTHoro Bbi30Ba. TaKaa npoBepKa Heo6xoAHMa noTOMy, hto f b — sto 
Bcero AHHib iiepe.vicmiaH, cxbi.iaiomaacM Ha acaciat Feedback; OHa moacct hmctb, b tom 
HiiCAe, 3i (anemic null. MoaceT noKa3aTbca, hto nponcxoAHT bh30b (Jiymcmin f b, KOTopofi 
nepeAaeTCH oahh napaMeTp (val). Ho y Hac iict (])\tiichiih c TaKHM HMeHeM. H komhhahtop 
reHepupyeT koa Bbi30Ba MeTOAa Invoke /tc./icraia, TaK KaK oh 3HaeT, tio uepcMemiax f b 
ccbiAaeTca Ha o6beKT At'-icraia. /(pyriiMii CAOBaMH, npn o6HapyaceHini CTpoKii 
fb(val); 

KOMniiAHTop reHepupyeT TaKoii ace koa, KaK h aas-i ctpokh: 
fb.Invoke(val); 

BocnoAb30BaBHiHCb yTHAHTofi ILDasm.exe aha ncc;ic/i,oiiaiiiiM koaa MeTOAa Counter, 
MoacHO ySeAHTbca, 'no Ko.vimi. iM'iop reHepupyeT koa, Bbi3biisaioniHH mctoa Invoke, 
/lance noKa3aH IL-koa MeTOAa Counter. KoMaHAa b CTpoKe I L_0009 mb. imctcm bm30bom 
M eTOAa Invoke o6beKTa Feedback. 

.method private hidebysig static void Counter(int32 from, 

int32 ’to', 

class Feedback fb) cil managed 

{ 

// Code size 23 (0x17) 

.maxstack 2 

.locals init (int32 V_0) 
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IL_0000: 
IL_0001: 
IL_0002: 
IL_0004: 
IL_0005: 
IL_0007: 
IL_0008: 
IL_0009: 
IL_00@e: 
IL_000f: 
IL_0010: 
IL_0011: 
IL_0012: 
IL_0013: 
IL_0014: 
IL_0016: 
} // end 


ldarg.0 
stloc.0 
br.s IL_0012 
ldarg.2 

brfalse.s IL_000e 

ldarg.2 

ldloc.0 

callvirt instance void Feedback::Invoke(int32) 
ldloc.0 
ldc.i4.1 
add 

stloc.0 
ldloc.0 
ldarg.l 
ble.s IL_0004 
ret 

of method Program::Counter 


B npiiHLpme MeTOA Counter mo/kho ii 3 MCHHTb, bkjiiohiib b Hero hbhmh bh 30 b Invoke: 

private static void Counter(Int32 from, Int32 to. Feedback fb) { 
for (Int32 val = from; val <= to; val++) { 

// EC/1M yKa3aHbl MeTOflbl 06 paTH 0 r 0 BbBOBa, BbBbIBaeM MX 
if (fb != null) 
fb.Invoke(val); 

} 

} 


I la/ieiocb, bh noMHHTe, tio KOMmuiHTop onpc/ie/mcT mcto/i Invoke npn onpe/ic/ie- 
Hiiii Kjiacca Feedback. Bbi3biBan otot mcto/i, oh ncnojib3yeT 3aKpbiTbie iio.tm _target 
h _methodPtr /pin Bbi30Ba acenaeMoro MeTo^a Ha 3anaHHOM o6beKTe. 06paTHTe BHinvia- 
Hiie, 'no curaaTypa MCio/ia Invoke coiina/iaer c cnmaTypoii /ic/icniTa, i:e;u> h /ic/icntT 
Feedback, h mcto/i. Invoke npiiHiuviaiOT o/iuii napaMeTp THna Int32 h B03Bpamai0T 
;iini'ioii itc void. 


06paTHbm Bbl30B HeCKOJIbKMX MeTOAOB 
(AenoHKii AO-noraTOB) 

/Je/ieraTbi nojie3Hbi caMii no ce6e, ho ein,e 6o/iee no/ie3HbiMii hx Ae/iaeT MexaHii3M 
HCiio'ick'. IJenouKou (chaining) iia/sbiiiacTCH ko/ltcktiiim /ic/ieraTOii, /laiomaa botmo/K- 

HOCTb BbI3bIBaTb BCe MCTO/Ibl, IipC/ICTa b.TCIII[ bib 3THMH /IC.TCFa'ia.M II. M'lOObl nOHHTb, 

KaK pa6oTaeT ncuo'iica, BepHHTecb k i/o/iy b liana./ ic oto ii i.iam>i h naii/iinc TaM mcto/i 
ChainDelegateDemol. B otom mctoac noc/ie iiHCTpyKiimi Console .WriteLine co3Aa- 
iotch Tpn Ae/ieraTa, Ha KOTopbie ccbi/iaiOTCH nepeMCHHbie f bl, f b2 h f b3 cootbctctbchho 
( pHc. 17.3). 
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Pmc. 17.3. Hana/ibHoe cocTOHHi/ie AeaeraTOB, Ha KOTopbie ccbmatOTca 
nepeMeHHbie fbl, fb2 u fb3 


Ccbi./iOMiiaM iiepeMeimaxi Ha AC.xerax Feedback, KOTopaa Ha3biBaexca fbChain, aojdk- 
Ha ccbi./iaTbCM Ha penoaicy, iijih Ha6op fleneraxoB, c. : iy>Kamnx ooo./ioxKa.YiH yyia mcto/ioh 
o6paTHoro Bbi30Ba. Himniia./maaniiM nepeivreHHOHf bChain .xiiaxcimeM null yKa3biBaeT 
Ha OTcyTCTBMe mcxoaob o6paTHoro Bbi30Ba. OTKpbiTbifi CTaTHHecKHH mcxoa Combine 
KJiacca Delegate Aooaixxaex b nenoaKy ACJieraxon: 

fbchain = (Feedback) Delegate.CombineCfbChain, fbl); 

Ilpii BbinojiHeHiiii 3 toh CTpoKH MeTop, Combine bhaht, hto mm nbiTaeMca o6beAHHHTb 
.iiiaaeiiiie null c nepeMeHHofi fbl. B HTore oh B03BpamaeT .iiianeime b nepeMeHHyio 
fbl, a 3aTeM 3acxaBjiaex nepeMeHHyio fbChain cocaaTbca Ha ac./ieraxa, Ha KOToporo yace 
ccbuiaeTca nepeMeHHaa fbl. 3xa cxeMa AC.Yioiicxpnpycxca Ha puc. 17.4. 



Pmc. 17.4. CocTonHi/ie AeaeratOB nocne AobaBJieHMa b penoHKy HOBoro HiieHa 
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HTo6bI Ao6aBIITb B HCIIO'IKy CIUC 0,111010 >10-1011113, CHOBa BOCnOAb3yeMCH MCTO/AJM 

Combine: 

fbchain = (Feedback) Delegate.CombineCfbChain, fb2); 

M ctoa Combine biiaiit, ato nepe.vieimaM fbChain yace ccbuiaeTca HaAC.'ioraia, noaxo- 
My oh co 3 AaeT hoboto AeaeraTa, KOTopwii npiiCBaiiBaeT cboiim 3 aKpbiTbiM nojiHM _target 
h _methodPtr HCKOTopbie .'iiianeniiM. B aamiOM cjiyaac ohh He BaacHbi, ho Baaoio, ato 
none _invocationList iiHimna J1113 npyeTCH ccbuiKoii Ha MacciiB AeaeraTOB. IlepBOMy 
ajiCMCiny MacciiBa (c hiiackcom 0 ) npiiCBaiiBaeTCH ccbuiKaHa Acaciai, cayacamHii 060- 
aoakoii MCTO/ta FeedbackToConsole (iimchho Ha otot AC-ierai ccbi./iaeiCM iiepeMciniaa 
fbchain). BTopoMy oacmciitv MacciiBa (c iiiiackcom 1) r i|)iicnauTnaeaoi ccbuiKa Ha ,tc- 
Acrax, cayacamHH o6ojioakoh mctoah FeedbackToMsgBox (Ha stot AC-ierax ccbuiaercH 
nepeMeimaM f b2). HanocjieAOK iiepeMCimoii fbchain iipiiOBaiiiiacTCs-i ccbuiKa Ha BHOBb 
coa/uu111bi ft ACjieraT (puc. 17 . 5 ). 



Puc. 17.5. fleaeratbi noc/ie BCtaBicn b penoHKy Btoporo nneFia 


/lym Aooab./iemia b penoAKy TpeTbero AC./ieraxa CHOBa Bbi3biBaeTCH mctoa Combine: 
fbchain = (Feedback) Delegate.Combine(fbChainj fb3); 

H CHOBa, iiii;pi, tio iiepe.vieimaM fbchain yace ccia./iacxcM Ha ACJicraxa, mctoa co 3- 
Aacx o'lepe/pioi o AeaeraTa, KaK noKa3aHO Ha puc. 17.6. Kaic h b ii pe/iF jI/iv mux ctiyias-ix, 
HOBbifi AeaeraT npiiCBaiiBaeT iia'ia.ibm.ie aiiancHHM cboiim 3aKpbiTbiM iio.ihm _target 
n_methodPtn, b to upcMM KaK 11 o.ie _invocationList iiiiiiiiiia/manpycroi ccbuiKoft Ha 
MacciiB ACJicraxoii. IlepBOMy h BTopoMy .3. : ic.viema.vi MacciiBa (c nn/iCKca.vm 0 11 1) npn- 
CBaiiBaiOTCH ccbuiKH Ha Te ace ACAcraxbi, Ha KOTopbie ccbi.ia./ica r 1 picyiiji/iy 1 r lii il AC-ierax. 
TpeTiiii o.icmcht MacciiBa (c iiiiackcom 2) ciaiioiiincM ccbiAKoft Ha ACAcraxa, cayacamero 
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060J10HK011 MeTO,a,a FeedbackToFile (hmchho Ha 3 Toro Ae/ieraTa ccbuiaeTca nepeMeHHaa 
fb3). HaKOHeu,, nepeMeHHofi f bChain npiiCBanBaeTCH ccbuiKa Ha BHOBb co 3 AaHHoro 
flejieraTa. I Ipn otom paHee coa/iai 111 i>i ft AeaeraT h MacciiB, Ha KOTopbiii ccbuiaeTca ero 
no.ie _invocationList, Tenepb noAAeacaT o6pa6oTKe MexaHH 3 MOM y6opicii Mycopa. 



Pmc. 17.6. OKOHHaTe/ibHbiFi BUfl u,enoHKi/i fle/ieraTOB 


Ilocjie isbiiio. iiK'iuiH KO/ta, cocAaionuTo penonicy, nepeMeHHaa f bChain nepeAaeTCH 
MeTOfly Counter: 

Counter(lj 2, fbChain); 

MeTOA Counter coAepacHT koa HeaBHoro Bbi30Ba MeTOAa Invoke rjih Ae/ieraTa 
Feedback. Bnponc.vt, 06 atom mh yace roisopu./m. Kor;i,a mctoa Invoke Bbi3biBaeTca ana 
AOJieraTa, ccbi./iaiomeroca Ha nepeMCHHyio fbChain, 3tot AejieraT ooimpyauinaeT, tio 
snancHHC nojia _invocationList otjihhho ot null. 3to npiiBOAHT k Bbino/meHmo 
miK. ia, iiepe6iipaiomem Bee oae.Mcmbi MaccuBa, Bbi3biBaa ana hhx mcto/i,, o6o/iohkoh 
KOToporo c/iyacHT yKa3aHHbifi AeaeraT. B HarneM npimepe MeTOAbi lua.sbiiiaiOTCs-i b cae- 
Ayiomeft noc/ieAOBaTejibHOCTH: FeedbackToConsole, FeedbackToMsgBox h, HaKOHeu,, 
FeedbackToFile. 

PeaAH3au,HH MeTOAa Invoke K/iacca Feedback iii.iicimaut npHMepHO TaK (b i icch/lo- 
KOAe): 
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public void Invoke(Int32 value) { 

Delegate[] delegateSet = _invocationList as Delegate^; 
if (delegateSet != null) { 

// 3tot MaccuB yKa3biBaeT Ha aeneraTbij KOTopbie c/ieayeT BbBBaTb 
foreach (Feedback d in delegateSet) 
d(value); // BbBOB Ka*Aoro AeneraTa 
} else { 

// 3tot Ae^eraT onpeAenaeT ucnoAb3yeMbm MeTOA o6paTHoro BbBOBa. 

// 3tot MeTOA Bbi3biBaeTCB aaa yKa3aHHoro o6beKTa. 

_methodPtr.Invoke(_target, value); 

// CTpoKa Bbime - MMUTaukia peaAbHoro koas. 

// TOj HTO npOHCXOAHT B A^UCTBHTeAbHOCTH j He BbipaxaeTCH CpeACTBaMH C#. 

} 

} 


Jinx y,ia. : iciniM ACAcraroB H3 hciioukh iipii.vieimeTCA crai ii'icciaiii mctoa Remove 
o6beicra Delegate. 3Ta npoiieAypa AeMOHCTpHpyeTCA b KOHiie KOAa MeTOAa Chain- 
DelegateDemol: 

fbchain = (Feedback) Delegate.Remove( 

fbchain, new Feedback(FeedbackToMsgBox)); 

Mctoa Remove CKaHiipyeT MacciiB AeAeraTOB (c KOHiia h ao aacha c HyAeBbiM whack - 
com), ynpaBAHeMbm AeAeraTOM, Ha KOTopbifi cci>i.;iacTCti nepBbiii napaMeTp (b HarneM 
npiiMepe 3 to fbChain). Oh witict AeAeraT, noAH _target h _methodPtr KOToporo coBna- 
AaiOT c cooTBeTCTByiomHMii noAHMH BToporo apryMeHTa (b HameM npimepe sto hobwh 
A eAeraT Feedback), lip ft oonapyiKcmi n coBnaACHiia, ecAH b MaccuBe ocTaAOCb 6oAee 
oahoto sjiCMCina, coa/tacTO-i hobmh AeAeraT — coa/tacTCM MacciiB _invocationList, 
KOTOpblH IIHIIH,IiaAH3HpyeTCH CCblAKOH Ha BCe 3.TCMein i)[ HCXOAHOrO MaCCHBa 3a hc- 
KATOACHiieM vAaAHCMoi'o, — nocAe aero B03BpamaeTCJi ccbiAKa Ha HOBoro ACAeraTa. flpiT 
yAaAeHHTi nocACAHero .sjie.viema hciio'ikii mctoa Remove B03BpamaeT .auanemie null. 
CAeAyeT noMHHTb, ato mctoa Remove 3a oahh pa3 yAaAneT Aurnb oahoto AeAeraTa, a He 
Bee SAeMeHTbi c yKa3AHHbiMii 3HaAeHiiHMii noAefi _target h _methodPtn. 

PaHee MbiTaKAce paccMaTpiiBaAii AeAeraT Feedback, B03BpamaK>miiii 3HaAemie Tima 
void. OAHaKO stot AeAeraT moacho 6biAO onpeAeAHTb h TaK: 

public delegate Int32 Feedback(Int32 value); 

B 3tom CAynae hccbaokoa MeTOAa Invoke BbirAHAeA 6bi CAeAyiomiiM o 6 pa 30 M: 

public Int32 Invoke(Int32 value) { 

Int32 result; 

Delegate[] delegateSet = _invocationList as Delegate[]; 
if (delegateSet != null) { 

// MaccuB yKa3biBaeT Ha AeiieraTbi, KOTopbie Hy>KHO BbBBaTb 
foreach (Feedback d in delegateSet) 
result = d(value); // BbBOB AeneraTa 
} else { 

// 3tot AeAeraT onpeAenaeT ncnonb3yeMbiM mctoa o6paTHoro BbBOBa. 

// 3tot MeTOA BbBbiBaeTca aaa yKa3aHHoro o6beKTa. 
result = _methodPtr.Invoke(_target, value); 


npodojiwemie & 
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// CTpoKa Bbime - nMHTapua pea/ibHoro KOfla. 

// TOj HTO npOMCXOflUT B fleilCTBMTe/IbHOCTM , He BbipaxaeTCH CpeflCTBaMH C#. 

} 

return result; 

} 

IIo .viepc Bbi30Ba OTnejibHbix neneraTOB B03BpamaeMoe aiia'ieiiiie coxpaHHCTCH b nepe- 
MeHHOH result. I loc/ie aaisepiPieiiitH i pip ic/ia b stoh nepeMeHHofi 0Ka3i>pisacTCH toamco 
peay/iinax Bbi30Ba rioc./re/ureio ACJieiaxa (ii|)C/i,bi;i,yiune B03BpaiuaeMbie ana'pemia ot- 
6 pacbiBaioTCJi); hmchho sto 3HaHeraie B03BpamaeTCH Kony, Bbi3BaBuieMy mctoa Invoke. 

l 1 oAAep>KKa uenoneK fle/ieraTOB b C# 

nTo6bi ynpocTHTb sa/ui'iy pa3pa6oTHHKOB, KOMmiAHTop C# aiiTO.viaxii'tecKii iipcAOCxaii- 
jiaeT neperpyaceHHbie Bepcim onepaTopoB += h -= aah 3K3eMnjiapoB neneraTOB. 3 th 
onepaTopw Bbi3biBaiOT mctoam Delegate. Combine ii Delegate. Remove cooTBeTCTBCHHO. 
Ohii ynpomaiOT nocTpoemie neiioucK AC/iei/noii. B peavAivpaxc komiiix imhii n viexo/ion 
ChainDelegateDemol h ChainDelegateDemo2 (cm. npimep b Hanane raaBbi) noAynaeTCH 
HueHTHHHbiH IL-code. IvuiiicnseimaM pa3Him,a b tom, hto 6 AaroAapa onepaTopaM += 
h -= hcxoahmh koa MeTOAa ChainDelegateDemo2 noAynaeTCH npome. 

/(ah AOKa3aTejibCTBa iiachthhhocth creHepupyHTe IL-koa o6oiix mctoaob h it.3Vhhtc 
ero npn noMomu yTHAHTbi ILDasm.exe. Bbi y6c/i,iiTCCi>, xro komiiii. : imxo|) C# achctbh- 
TexibHO 3aMeHaeT Bee onepaTopbi += h -= Bbi30BaMH ciax h'pcckhx mctoaob Combine 
h Remove THna Delegate cootbctctbchho. 


flonojiHMTe/ibHbie cpeflCTBa ynpas/ieHun 
uenoHKaMM fleneraTOB 

HTaK, Bbi ilaynujiiTCb coa/umaxP) iutiomioi acjicititoh h Bbi3biBaTb Bee hx KOMnoHeHTbi. 
nocjieAHHH B03M05KH0CTb pea/i H.aycxcH 6AaroAapH ppajPHHHio b m cxo ac Invoke KOAa, 
npocMaTpiiBaiomero bcc 3. : ic.vicm P)P MacciiBa ac/ici/itoh. H xoth stoto npocToro a.im- 
piiTMa xBaTaeT aah 6o. pp>ppihi pcx iia ciieHapneB, y Hero ecTb pha orpaHiraeHHH. Knpimepy, 
coxpaHaeTca TOAbKO nocAeAHee H3 ,3 1pxixpop i ptip , iso3»is|)ainae.viP)ix MeTOAaMii odpaTHoro 
Bbi30Ba. I lo.iy'Pii i b bcc 0CTa.Ti>iii>ieaipa'teima iie.n>aa. H sto He c/p,pxipcpuoiiiioc oipaiiiiuc- 
Hiie. CKa'/Ke.vi, b CHTyan.HH, KorAa oaiih h 3 ACAeiaxois b hciiomkc ciaiPoiiiixcM iipii'uiipoii 
HCKAIOHeHHH HAH 6AOKIipyeTCH Ha 0'PCIII> AOArOC BpeMH, BbinOAHeHIie nciioaifll OCTaHaB- 
AHBaeTCH. nOHHTHO, HTO AaHHblH 3ArOpHTM He OTAHHaeTCH liaAOKIIOCTblO. 

B KaneCTBe aAbTepHaTIIBbl MOACHO B0Cn0Ab30BaTbCH 3K3eMnAHpHbIM MeTOAOM 
GetlnvocationList KAacca MulticastDelegate. 3 tot mctoa no3BOAHeT b hbhom bhac 
B bi3BaTb aio6oh h 3 AC/ici/iTOi! b iienoHice: 

public abstract class MulticastDelegate : Delegate { 

// Co 3 flaeT MaccHBj Ka>KAbiii aaeMeHT KOToporo ccbi/iaeTca 
// Ha ae/ieraTa b LpenosKe 

public sealed override Delegate[] GetInvocationList(); 

} 
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MeTOA GetlnvocationList pa6oTaeT c ofiteicraMii KjiaccoB, npoii3BOAHbix ot 
M ulticastDelegate. Oh iso/sispamacT MaccuB ccbuioK, Kaac^aH H3 kotophx yKa3biBaeT 
Ha KaKOH-TO nejieraT b hcho'ikc. IIo cym, stot mcto/i coa/iaca MaccuB h hiihi i,iia;i 11311- 
pyeT ero .'). : iCMCim,i ccbuiKaMH Ha cooTBeTCTByiomHe AeneraTbi; b Komie isoiiispamacTCM 
ccbuiKaHa3 tot MacciiB. Ecji 11110./ic_invocationList co/|cp>KHT null, B03BpamaeMbifi 
MaccuB 6 v;ict conepacaTb Bcero 0,1,1111 .sjicmciit, ccbi.iaioimiiicoi Ha CAiiiiCTiscimom acjic- 
raTa b hciiouicc — 3K3e.vm.mp caMoro /icjieraTa. 

I Iannearb ajiropiiTM, b hbhom ish;ic Bbi3biBaiomHH KaacAbiH a./ic.vicm MacciiBa, He- 
cjio'/K'iio: 

using System; 

using System.Reflection; 

using System.Text; 

// OnpeAenemne KOMnoHeHTa Light 
internal sealed class Light { 

// MeTOA B03BpamaeT cocTonmne o6beKTa Light 
public String SwitchPosition() { 
return "The light is off"; 

} 

} 

// OnpeAenemne KOMnoHeHTa Fan 
internal sealed class Fan { 

// MeTOA B03BpamaeT cocTonmne o6beKTa Fan 
public String SpeedQ { 

throw new InvalidOperationException("The fan broke due to overheating"); 

} 

} 

// OnpeAenemne KOMnoHeHTa Speaker 
internal sealed class Speaker { 

// MeTOA B03BpamaeT cocTonmne o6beKTa Speaker 
public String VolumeQ { 

return "The volume is loud"; 

} 

} 

public sealed class Program { 

// OnpeAenemne AeneraTOB, no3Bonmomnx 3anpawnBaTb cocTOnmne KOMnoHeHTOB 
private delegate String GetStatus(); 

public static void Main() { 

// 06bflBnemne nyCTOii Lienomcn AeneraTOB 
GetStatus getStatus = null; 

// Co3AaHne Tpex KOMnoHeHTOB in Ao6aBneHine b penOMKy 
// MeTOAOB npoBepKM inx coctoahub 

getStatus += new GetStatus(new Light().SwitchPosition); 
getStatus += new GetStatus(new Fan().Speed); 


npodojiwemie & 
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getStatus += new GetStatus(new Speaker().Volume); 

// CBOflHblii OTMeT O COCTOflHMM TpeX KOMnOHeHTOB 

Console.WriteLine(GetComponentStatusReport(getStatus)); 

} 

// MeTOfl 3anpawnBaeT cocTOAHine KOMnOHeHTOB n B03BpamaeT MHfjjopMaunuo 
private static String GetComponentStatusReport(GetStatus status) { 

// Ec/im penoHKa nycTa, Hkinero AenaTb He Hy>KHO 
if (status == null) return null; 

// nocTpoeHkte OTneTa o coctorhmh 
S tringBuilder report = new StringBuilderQ; 

// Co3flaHne MaccMBa H3 fle/ieraTOB penoHKH 

Delegate[] arrayOfDelegates = status.GetInvocationList(); 

// UHK/iHHecKaa o 6 pa 6 oTKa Ae/ieraTOB MaccMBa 
foreach (GetStatus getStatus in arrayOfDelegates) { 

try { 

// no/iyneHMe ctpokm coctohhhb KOMnoHeHTa m Ao 6 aB/ieHne ee b OTneT 
report.AppendFormat(, getStatus(), Environment.NewLine) 

} 

catch (InvalidOperationException e) { 

// B OTneTe reHepwpyeTca 3anncb 06 ouin 6 i<e Ana stoto KOMnoHeHTa 
Object component = getStatus.Target; 
report.AppendFormat( 

"Failed to get status from {1}{2}{0} Error: {3}{0}{0}", 
Environment.NewLine, 

((component == null) ? "" : component.GetTypeQ + "."), 
getStatus.Method.Name, 
e.Message); 

} 

} 

// Bo3BpameHne cboahoto OTaeTa Bbi3biBaiomeMy KOAy 
return report.ToStringO; 

} 

} 


Pcav.T btaT isi.mo.TiieiiiiM ototo KO/ta m.ir,TH/i,iiT TaK: 
The light is off 

Failed to get status from Fan.Speed 

Error: The fan broke due to overheating 


The volume is loud 
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06o6uieHHbie Ae/ieraTbi 

Miioi'o jieT ilaaaA, Kor/i,a cpc/i,a .NET Framework toai>ko mnmiajia pa3pa6aTbiBaTbCH, 
b Microsoft bbcah noHHTiie AejieraTOB. IIo Mepe Ao6aBAemiH b FCL KJiaccoB iiohb. : im. : iiici> 
H HOBbie THnbI ACACFaTOb. Co BpeMCHeM HX HaKOmiJIOCb H3pHAHOe KOJIimeCTBO. TojIbKO 
b 6H6jiHOTeKe MSCorLib.dll hx okoao 50. Bot HeKOTopbie 113 hhx: 

public delegate void TryCode(Object userData); 
public delegate void WaitCallback(Object state); 
public delegate void TimerCallback(Object state); 
public delegate void ContextCallback(Object state); 
public delegate void SendOrPostCallback(Object state); 
public delegate void ParameterizedThreadStart(Object obj); 

Bbi hc 3aMeTHjra oiipcacjieiiiioe cxoactbo b OTo6paHHbix mhoh acacia'iax? Fia caMOM 
Aerie ohh OAiiHaKOBbi: iicpcMemiaM jno6oro H3 3 thx neneraTOB /lo./i>ki 1 a ccbijiaTbca Ha 
MeTO/t, noAynaiomHH Object h B03BpamaiominT void. CooTBeTCTBeHHO Becb 3 tot Ha6op 
neneraTOB He iiyaccn — BnojiHe Moamo oOofiTHCb oahhm. 

TaK KaK coiipcMoimaM Bepcua .NET Framework noAAepacHBaeTo 6 o 6 meHHH, HaM Ha 
caMOM acac HyacHO Bcero a 11111 1 > HecKOAbKO o 6 o 6 meHHbix neaeraTOB (onpeaejieHHbix 
b npocTpaHCTBe 11 .vie 11 System), npe;i,CTaii. ; iHioiuiix mc'io/i,FjI, KOTopbie MoryT npHHHMaTb 
AO 16 apryMCHTOB: 

public delegate void ActionQ; // 3tot fleaeraT He o6o6meHHbiii 

public delegate void Action<T>(T obj); 

public delegate void ActioncTl, T2>(T1 argl, T2 arg2); 

public delegate void ActioncTl, T2, T3>(T1 argl, T2 arg2, T3 arg3); 

public delegate void ActioncTl, ..., T16>(T1 argl, ..., T16 argl6); 

B .NET Framework hmciotch 17 ACJiera'iois Action, ot He 11 .vie 101 mix apryMeHTOB 
BOo6me AO HMeiOHiHX 16 apryMeHTOB. L Ito6|)I BbI3BaTb MeTOA c 6oAbIHHM KOAHHeCTBOM 
apryMeHTOB, iipn/teica onpeACAHTb co6cTBeHHoro AO/ierara, ho sto yace MajiOBepoHTHO. 

KpoMe AeaeraTOB Action b .NET Framework hmcctcm 17 ACAeraiOB Func, KOTopbie 
no3BOJimoT MeTOAy o6paTHoro Bbi30Ba BepHyTb aiia'iemie: 

public delegate TResult Func<TResult>(); 

public delegate TResult Func<T, TResult>(T arg); 

public delegate TResult Func-cTl, T2, TResult>(Tl argl, T2 arg2); 

public delegate TResult Func-cTl, T2, T3, TResult>(Tl argl, T2 ang2, T3 arg3); 

public delegate TResult Func-cTl,..., T16, TResult>(Tl argl, ..., T16 argl6); 

Bmccto onpcAC.TcmiM co6cTBeHHbix THnoB AC-Tcraioii peKOMeHAyeTCH no Mepe bo 3- 
MoacHOCTH Hcnojib30BaTb o6o6memu>ix AC.TcraTOii; BeAb sto yMeHbmaeT koaiihcctbo 
TH noB b CHCTeMe h yiipomacT koa. Oahako, ecAn HyacHO nepeAaTb apryvtem no ccbuiKe, 
nc 110 .Tb. 3 yM K.TioTCbbie c.TOiia nef haii out, MoaceT noTpe6oBaTbCH onpeAeAemie co6- 
CTBeHHoro AeaeraTa: 
delegate void Bar(ref Int32 z); 
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AHajioniHHO HyacHO neiicTBOBaTb b CHTyaiiiinx, Korna Tpe6yeTCH nepenaTb neneraTy 
nepeMeHHoe hhcjio napaMeTpoB npn noMomu k. iici'icboio cnoBa params, ecjra bm xoth- 
Te aa/uiTb .sna'tcmta no yMOJi'iaimio /l./im apryMeHTOB neneraTa hjih earn noTpeSyeTGH 
ycTaHOBHTb o r|)ai i n' km [ m' /yin apryMeHTa-Tnna. 

I Ipii pa6oTe c flejieraTaMii, Hcnojib3yiomHMH o6o6meHHbie apryMCHTbi n B03Bpamaio- 
uihmh 3HaneHiiH, He cnenyeT 3a6biBaTb npo KOBapnaHTHOCTb n KompaBapiiaHTHOCTb, TaK 
KaK 3 to paciniipneT o6nacTb iipii.vteiieinta neneraTOB. /loiiojimrre.tbiiaM n11()pop.via1 1,11 a 
no 3 toh TeMe iipiibcneita b rnaBe 12. 


YnpOLUeHHblM CUHTaKCHC 
pa6oTbi c fle/ieraTaMM 

MHome nporpaMMHCTbi He jho6ht neneraTOB ii3-3a cnoacHoro ciiHTaKcnca. K iipii.vicpy, 
paccMOTpi-iM CTpoKy: 

buttonl.Click += new EventHandler(buttonl_Click); 

3;i,cci) buttonl_Click — mctoh, KOTopbifi BbirjiHflHT npnMepHO TaK: 

void buttonl_Click(Object sender, EventArgs e) { 

// flePicTBun nocne me/iHKa Ha KHonKe... 

} 

I lepnaa CTpoKa Kona KaK 6bi peoiCTpnpyeT anpec mcto/ui buttonl_Click b KHomce, 
hto6m npii ihcjimkc Ha Hell Bbi3biBancH mctoh. IIporpaMMHCTaM oobi'mo KaaceTca He- 
pa3yMHbiM co3naBaTb neneraT EventHandlen Bcero numb n jih toto, hto6m yKa3aTb Ha 
anpec .vtCTona buttonl_Click. Ohiihko nat 111 i>i it neaeraT iiv/Ken c.pene CLR, TaK KaK oh 
cuyacHT o6epTKofi, i a|)am np\Tomeii 6e3onacHOCTb thhob npn Bbi30Be .vtCTona. 06epT- 
Ka Tatoice nonnepacriBaeT bm30b 3icac m i i .1 h]) 11 t>t x mctohob ii coa/yu 1 tie net ton etc. Teivi He 
MeHee nporpaMMHCTbi He xotht BHiiKaTb bo Bee 3 th hc'itui 11 h tipc/i.iio'uiii 6bi a.aimcaTb 
koh cjienyiomHM o6pa30M: 
buttonl.Click += buttonl_Click; 

K ctacTtao, komiiitthtop C# nonnepacHBaeT ynpomeHHbiii ciiHTaKCHC npn pa6oTe 
c nejieraTaMii. Onnatco nepen TeM KaK nepefiTH k paccMOTpemno cooTBeTCTByiomiix bo3- 
MOJKHOCTefi, cnenyeT 3aMeTHTb, hto sto — He 6onee neM ynpomeHHbie nyra co3naHiiH IL- 
Kona, tico6xo/i,it.\tom CLR hjih HopMajibHoii pa6oTbi c neneraTaMH. KpoMe Toro, cnenyeT 
ynHTbiBaTb, 'n o omicaHiie ynpomeHHoro ciiHTaKcrica pa6oTbi c neneraTaMH othochtch 

HCKJHOHHTejIbHO K C#; HPyrHMH KOMnilJIHTOpaMH OH MOHCCT H He nOHUepHCHBaTbCH. 

YnpomeHne 1: He co3AaeM o6i>eKT nenerara 

KaK Bbi v>kc BiinejiH, C# no 3 BOjiHeT yKa 3 biBaTb iimh .viCTona o 6 paTHoro Bbi 30 Ba 6 e 3 
C 03 /i,aHHH neneraTa, cnyacamero huh Hero o 6 epTKOH. Bot eme ohhh npriMep: 
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internal sealed class AClass { 

public static void CallbackWithoutNewingADelegateObject() { 

ThreadPool.QueueUserWorkltem(SomeAsyncTask, 5); 

} 

private static void SomeAsyncTask(Object o) { 

Console.WriteLine(o); 

} 

} 

CTaTiraecKiiii mctoa QueueUserWorkltem Kjiacca ThreadPool oacHnaeT ccbuiKy Ha 
neneraTa WaitCallback, KOTopbiii, b cboio onepeAb, ccbuiaeTca Ha mctoa SomeAsyncTask. 

TaK KaK KOMnHJIHTOp B COCTOHHIIH /[Ora/UlTbCM, '[TO HMeHHO IIMCCTCTI B ISH/1V, MO/KIIO 
onycTHTb CTpoKii, OTHOomineca k co3naHiiio neiieraTa WaitCallback, HTodbi ynpocTHTb 
HTeHiie h nomiMaime Kona. B npouecce komhhjihphh IL-koa, reHepnpyiomHii hoboto 
neneraTa WaitCallback, co3AaeTcn aino.viaTHMCCKii, a aaniicb mb. imctcti Bcero numb 
ynpOHieHHOH (jlOpMOH CHHTaKCHCa. 

YnpomeHiie 2: He onpeAeJineM mctoa o6paTHoro Bbi3oea 

B npiiBeneHHOM cjiparMeHTe Kona mctoa o6paTHoro Bbi30Ba SomeAsyncTask nepenaeTCH 
MeTOAy QueueUserWorkltem Kjiacca ThreadPool. C# no3BOJineT noACTaBHTb peajni3aiuno 
MeTOAA o6paTHoro Bbi30Ba HenocpeACTBeHHO b koa, a He b OTAenbHbiii mctoa. CKaaccM, 
Ham koa moacho 3aniicaTb TaK: 

internal sealed class AClass { 

public static void CallbackWithoutNewingADelegateObject() { 

ThreadPool.QueueUserWorkItem( obj => Console.WriteLine(obj ), 5); 

} 

} 

06paTiiTe BHHMaHHe, mto nepBbiii «apryMeHT» mctoa3 QueueUserWorkltem (oh 
B blAeAeH nOJiyAttipHMM ll[|)H(j)TO\l) l[|)C/lCTaii.TMCT Co6ofl KOAa! CPopMajIbHO 

b C# oh Ha3biBaeTCH jituvidda-eupaMenueM (lambda expression) h pacno3HaeTcn no 
Hajnruino onepaTopa =>. JIti m 6/ ia - i j i > r ]) ;o>f£ c h 11 a ncnojib3yiOTCH b Tex MecTax, rAe KOMmi- 
ahtop o>i(H/iacT npiicyTCTBHHACAerara. Ooiiapy/Kim nuMbAa-Bbipaacemie, komiiittmtop 
aBTOMaTiraecKii onpeAeAneT b k.tticcc hobmh 3aKpbiTbiii mctoa (b HaineM npiiMepe — 
AClass). 3tot mctoa naabmacTOi cihohumhou (pymyueu (anonymous function), TaK KaK 
Bbi odbiuHO He 3HaeTe ero hmchh, KOTopoe ainoMa'i u'iccKu cos./uictoi KOMim./nnopoM. 
BnpoueM, hiikto He MemaeT nccae/ioisTn’i) iio.TyMemibiii koa npn noMomii yTiiAiiTbi 
ILDasm.exe. Hmchho OHa noMornay3HaTb iioctc KOMnununHu HamicaHHoro (jipar.vieina 
KOAa, uto MeTOAy 6 buio npiiCBoeHO iimh <CallbackWithoutNewingADelegateObject 

>b_0, a raioice, mto mctoa npnmiMaeT Bcero oahh apryMeHT Tima Object, B 03 Bpam,aH 

aaia'ioiiue Tima void. 

Ko.Yiim.THTop m.ioupacT aah MeTOAa hmh, Hammaiomeecji c ciiMBona <, noTOMy m io 
b C# HACHTHcjiiiKaTopbi He MoryT coAepacaTb 3 tot chmboji. TaKoii noAXOA rapanrapyeT, 
mto nporpaMMHCT He cmotkct c./ry 'iaii 110 BbidpaTb aah KaKoro-midyAb 113 cbohx mctoaob 
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HMH, COmia/l,ai()IUCC C aBTOMaTHHeCKH C03AaHHbIM KOM 11 HJIflTOpOM . ITpi-I 3TOM, eCJIH b C# 
H/i:eHTH(J)HKaTopbi He MoryT coAepacaTb ciiMBOJia <, b CLR sto pa3pemeHO. HecMOTpa 
Ha B03M05KH0CTb o6pameHHA k Mcro/iy 'icpea MexaHH3M OTpa>i<eima nyTeM ilepc/ta'in 
ero iiMemi b vmj\c ctpokh, cjie/tyeT noMHHTb, 'no KOMnujuiTop MoaceT no-pa3HOMy re- 
HepupoBaTb 3 to iMa npn KaacAOM Cjie/iyiome.vi npoxo/tc. 

YTHJiHTa ILDasm.exe iiooho.tmct Taioi<c 3aMeTHTb, 'no KOMnujiHTop C# npiiMeHHeT 
k MeToay aTpn6yT System. Runtime. CompilerServices. CompilerGeneratedAttribute. 

3tO AaeT IIHCTpyMCHTaM H yTIIJIIITaM B03M0»CH0CTb nOHHTb, HTO MCTOA C03/I,aH aBTOMaTII- 
'lecKii, a He HamicaH nporpaMMHCTOM. B stot creHepHpoBaHHbiii KOMmuiirropoM mcto/i, 
h iiOMcmacTCM koa, iiaxo/omiuiicM cnpaBa ot onepaTopa =>. 

nPMMEMAHME 

npn HanncaHnn naivibAa-BbipaxeHnn HeB 03 M 0 >KH 0 npnMei-mTb k creHepnpoBaHHOMy 
K 0 Mnn/i 3 T 0 p 0 M MeTOAy nojib 30 BaTe/ibCKne aTpnGyTbi n/w MOAncpnKaTopbi (HanpnMep, 
unsafe). BnponeM, o 6 bNHO sto He aBJineica npoGneivion, Tax xax co 3 AaHHbie KOMnnnsTO- 
poM aHOHHMHbie MeTOAbi BcerAa 3 aKpbiTbi. Ka>KAbin Taxon MeTOAnB/iaeTcn CTaTHHecKnM 
nan HecTamHecKHM b 3 aBncnMOcm ot Toro, 6 yAeT an oh nMeTb AOdyn k KaKnM-an 6 o 
3 K 3 eMnaapHbiM HaeHaM. CooTBeTCTBeHHO, npnivieHHTb k stum MeTOAaM MOAn(£>nKaTopbi 
public, protected, internal, virtual, sealed, override nan abstract npodo Heipebyeica. 


HamicaHHbiH koa KOMnHJiHTop C# nepemicbiBaeT iipri.Yiepiio takhm o6pa30M (kom- 
MeHTaprai nc Tarmreiinr mhoio): 

internal sealed class AClass { 

// 3to 3aKpbuoe none co3aaHO aan lownpoBaHns ae/ieraTa 
// npenMymecTBO: CallbackWithoutNewingADelegateObject He 6yaeT 
// co3flaBaTb HOBbin o6teKT npn Ka*aoM BbBOBe 

// HeaocTaTKn: lownpoBaHHbie o6beKTbi HeaocTynHbi aan c6opmnKa Mycopa 
[CompilerGenerated] 

private static WaitCallback <>9_CachedAnonymousMethodDelegatel; 

public static void CallbackWithoutNewingADelegateObject() { 

if (<>9_CachedAnonymousMethodDelegatel == null) { 

// npn nepBOM Bbi30Be fleaeraT co3aaeTcn n KsmnpyeTca 

<>9_CachedAnonymousMethodDelegatel = 

new WaitCallback(<CallbackWithoutNewingADelegateObject>b_0); 

} 

ThreadPool.QueueUserWorkItem(<>9_CachedAnonymousMethodDelegatel, 5); 

} 

[CompilerGenerated] 

private static void <CallbackWithoutNewingADelegateObject>b_0( 

Object obj) { 

Console.WriteLine(obj); 

} 

} 


JI a .vio/ta- is bipa>K(T i nc aojijkho cooTBeTCTBOBaTb curaaType Acucrara WaitCallback: 
liOsupaiuaTb void h npiiHiiMaTb napaMeTp Tima Object. Bnpo'ie.vt, h y Kaaax h.viji napa- 
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MeTpa, npocTO noMecTHB nepeMeHHyio obj cjieBa ot onepaTopa =>. PacnoAoaceHHbrii 
cnpaBa ot 9toto onepaTopa mctoa Console .WriteLine AeHCTBHTeAbHO B03BpamaeT 
void. Ecjih 6bi pacii().TO/Keimoe cnpaBa Bbipaacemie He B03Bpamajio void, creHepupo- 
BaHHbiii KOMnujiHTopoM koa npocTO npoiimopupoBaji 6bi B03BpameHHoe 3HaneHHe, BCAb 
b npoTHBHOM CAynae He yAaAOCb 6bi co6jhocth Tpe6oBaHim AejieraTa WaitCallback. 

TaKace cjieayeT otmcthtb, hto aHOHiiMHaa cf)yHKuiiH noMenaeTCH KaK private; b HTore 
AOCTyn k MeTOAy ocTaeTCH toamco y KOAa, onpeAejieHHoro BHyTpn 3 toto ace THna (xoth 
OT paacemie no3BOAHT y3HaTb o cyiHCcnsoisaiinn mcto/ui)- 06paTHTe BHHMaHHe, tio 
aHOHHMHblH MeTOA OlipCACAOII KaK CTaTHHeCKHH. 3tO CBH3aHO C OTCyTCTBHeM y koah 
AOCT yna k KaKHM-jin6o njieHaM 3K3eMnAHpa (BeAb mctoa CallbackWithoutNewingADe 
legateObject caM no ce6e CTaTHnecKiiii). BnponeM, koa MoaceT oopamaTbCM k ak>6mm 
oiipcACJieiiiibiM b K./iacce ciai ii'iccKTiM noAHM hah MeTOAaM. I laiipn.vicp: 

internal sealed class AClass { 

private static String sm_name; // CTaTHnecicoe none 

public static void CallbackWithoutNewingADelegateObject() { 

ThreadPool.QueueUserWorkItem( 

// Koa o6paTHoro Bbi30Ba MOxeT o6pamaTbcn k CTaTunecKnM nneHaM 
obj =>Console.Writel_ine(sm_name+ " + obj), 

5 ); 

} 

} 

He 6yAb mctoa CallbackWithoutNewingADelegateObject CTaTHnecKHM, koa aHO- 
HiiMHoro MeTOAa Mor 6bi coAepacaTb ccbiAKH Ha 'uienn 3ic«a\m.Tapa. Ho Aaace npn ot- 
CyTCTBHH TaKHX CCblAOK KOMmiAHTOp liCC paBHO IXTICpiipyCT CTaTHHeCKHH aHOHHMHblH 
MeTOA, TaK KaK oh ::)<)x))eKTnis[iec OKatavniAapnoio MeTOAa, noTOMy [ no eMy He HyaceH 
AonoAHHTeAbHbiii napaMeTp this. Ecah ace b KOAe aHOHHMHoro MeTOAa iiaAiiuecmyiOT 
CCblAKII Ha HACHbl 3K3CMnAHpa, KOMnHAHTOp C03AaeT HeCTaTHHeCKHIi aHOHHMHblH MeTOA: 

internal sealed class AClass { 

private String m_name; // none 3K3eMnnnpa 

// MeTOA 3K3eMnnapa 

public void CallbackWithoutNewingADelegateObject() { 

ThreadPool.QueueUserWorkItem( 

// Koa o6paTHOro Bbi30Ba MOxeT ccbmaTbca Ha HneHbi 3K3eMnnfipa 
obj => Console.WriteLine(m_name+ " + obj), 

5 ); 

} 

} 

H.viena apry.vtem ob, KOTopbie CAeAyeT nepeAaTb AHM6Aa-BbipaaceHiiio, yKa3biBaioTCH 
CAeBa ot onepaTopa = >. npn stom CAeAyeT npiiAepacHBaTbCH npaBHA, KOTopbie mm pac- 
CMOTpiiM Ha npiiMepax: 

// Ecah AeneraT He C0Aep>KHT apryMeHTOB, ncnonb3ynTe Kpyrnbie cko6km 
Func<String> f = () => "left"; 

// fl/ia AeneraTOB c oahmm m 6onee apryMeHTaian 

npodojincenue & 
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// MO>KHO B ABHOM BMfle yKa3aTb TMnbl 

Func<Int32, String> f2 = (Int32 n) = > n.ToStringO; 

Func<Int32j Int32, String> f3 = 

(Int32 r\l, Int32 n2) => (nl + n2) .ToStringO; 

// KOMnM/lATOp MOJKGT CaMOCTOATe/lbHO Onpefle/lHTb TMnbl fl/lA flG^eraTOB 

// c oflHMM n 6o/iee apryMeHTaMw 

Func<Int32, String> f4 = (n) => n.ToStringO; 

Func<Int32j Int32, String> f5 = (nl, n2) => (nl + n2) .ToStringQ; 

// Ecam apryMeHT y fle/ieraTa Bcero oamh, Kpyrmie cko6km moxho onyCTMTb 
Func<Int32j String> f6 = n => n.ToStringO; 

// fl/iA apryMeHTOB ref/out Hy>KHO b abhom BUfle yKa3biBaTb nef/out n Tun 
Ban b = (out Int32 n) => n = 5; 

npennojioacuM, hto b iioc.tc;i,iicm cjiynae neneraT Bar onpenejieH cnenyiomiiM 06- 
pa30M: 

delegate void Ban(out Int32 z); 

Teno aHOHiiMHOH ())yniai,iiii 3anncbiBaeTCH cnpaBa ot onepaTopa =>. Oho o6hhho 
ii|xvict;ih.tmctco6oh npocToe iijih cuoacHoeBbipaacemie, B03Bpamaiomee i ickoc ;sna i ieime. 
B paccMOTpeHHOM npHMepe 3 to 6hjio junv^na-Bbipaacemie, iioisispaiuaiomee ctpokh bccm 
nepeMCHHbiMneneraTa Func. Maine Bcero Tejio aHOHiiMHOii e))y11 k i ut n coctoht 113 o/oioii 
HHCTpyKUHH. K npiiMepy, Bbi3BaHHOMy MeTOny ThreadPool.QueueUserWorkltem 6buio 
iiepe/iano jih, vi6/ia-BbipaaceHne, hto npiiBeno k Bbi30By .vicro/ia Console.WriteLine 
(B03Bpamaiomero 3iia i icTinc Tima void). 

I lTo6bI BCTaBHTb B TejIO ())VHKl 1,1111 HCCKOJIbKO IIHCTpyKH,HH, .iaiC. IlO'lll'I C HX B (jlliryp- 
Hbie cko 6 kii. Ecjih neneraT o>i<n/i,acT iio. iyim b B03BpamaeMoe aiia'iemie, He 3a6ya,bTe 
HHCTpyKiimo return, KaK noKa3aHO b cjienyiomeM npiiMepe: 

Func<Int32j Int32, String> f7 = (nl, n2) => { 

Int32 sum = nl + n2; return sum.ToStringO; }; 


BHMMAHME 

Xoth oto h He KaxeTcn oneBHAHbiM, ocHOBHaa BbiroAa ot Hcnonb30BaHHn jiaMdAa- 
BbipaxeHnFi coctoht b tom, hto ohh CHnxaiOTypoBeHb HeonpeAO/ieHHOCTH Bamero koab. 
OSbHHO npnxoAHTC3 nncaTb OTAenbHbiH MeTOA, npHCBaHBaTb eMy hma h nepeAaBaTb 
3 to hmh MeTOAy, b kotopom TpedyeTca AeneraT. 1/lMeHHO mmf no3BO/iaeT ccbmaTbca Ha 
cfiparMeHT koab. M ec/in ccbmKa Ha oahh h tot xe cJsparMeHT Tpe6yeTca b pa3/iHHHbix 
MecTax nporpaMMbi, co3AaHne MeTOAa — 3 to caMoe npaBHJibHoe peLuenne. Ecjih xe 
o6pauieHne k cfiparMeHTy koa 3 npeAnonaraeTca Bcero oaho, Ha noMOuib npnxoAHT 
A3M6Aa-BbipaxeHH3. 1/lMeHHO ohh no3BO/iaiOT BCTpanBaTb <J)parMeHTbi koab b HyxHoe 
MeCTO, H36aBTI33 OT Heo6xOAHMOCTM HX HMeHOBaHHH H nOBblLiian TeM CaMbIM npOAyKTHB- 
HOCTb pa6oTbi nporpaMMHCTa. 
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nPMMEHAHME 

MexaHM3M aHOHMMHbix MeTOAOB BnepBbie noRBM/ica b C# 2.0. PIoaoOho jirmOab- 
Bbipa>KeHl/l^M (nOHBMBLUMMCR B C# 3.0), aHOHUMHbie MeTOAbl OnMCbIBaiOT CMHTaXCMC 
C03AaHua aHOHUMHbix (JjyHKUMM. PexoMeHAyeTca ncnorib30BaTb /iRMOAa-BbipaxeHMH 
BMeCTO aHOHMMHbix MeTOAOB, T3K K3K MX CMHTaKCMC 60 /iee KOMnaKTeH, HTO ynpOLAaeT 
HTeHMe KOAa. Pa3yMeeTCR, xoMnn/iHTop ao cmx nop noAAep>KMBaeTaHOHMMHbie cJ)yHxu,nM, 
Tax HTO Heo6xOAMMOCTM BHOCMTb MCnpaBJieHMH B KOA, HanMCaHHbIM Ha C# 2.0, HeT. TeM 
He MeHee b 3tom xHMre paccMaTpMBaeTca ranbxo CMHTaKCMC /iHM6Aa-Bbipa>xeHMM. 


YnpoiueHiie 3: He co3AaeM o6epTKy ajisi jiOKa/ibHbix 
nepeMeHHbix pj\9\ nepeAanu hx MeTOAy o6paTHoro Bbi30Ba 

Bw yace bhacjih, tio koa o6paTHoro Bbi30Ba MoaceT ccbuiaTbca Ha Apyrne 'uiciibi Kjiacca. 
Ho HHorAa 6biBaeT HyacHO o6paTHTbCH H3 otolo KOAa k jioicajibHOMy napaMeTpy hjih 
nepeMeHHofi miyipii oiipcACvmc.viom MeTOAa. Bot HHTepecHbifi npimep: 

internal sealed class AClass { 

public static void UsingLocalVariablesInTheCallbackCode(Int32 numToDo) { 

// /loxanbHbie nepeMeHHbie 

Int32[] squares = new Int32[numToDo]; 

AutoResetEvent done = new AutoResetEvent(false); 

// Bbino/iHeHne 3aflan b apyrnx nOTOxax 

for (Int32 n = 0; n < squares.Length; n++) { 

ThreadPool.QueueUserWorkItem( 
obj = > { 

Int32 num = (Int32) obj; 

// 06nhho pemeHne stom 3aflasn Tpe6yeT 6o/ibiue BpeMeHM 
squares[num] = num * num; 

// Ec/in 3 to nocneAHRa sa^ana, npoflO/DKaeM Bbino/iHRTb r/iaBHbiii nOTOx 
if (Interlocked.Decrement(ref numToDo) == 0) 
done.Set(); 

h 

n); 

} 

// OxnflaeM 3aBepuieHnn ocTa/ibHbix noTOxoB 
done.WaitOne(); 

// BblBOfl pe3y/lbTaT0B 

for (Int32 n = 0; n < squares.Length; n++) 

Console.WriteLine("Index {0}, Square={l}"j n, squares[n]); 

} 


3tot npimep ACMOHCTpupyeT, iiacKo. iiiico jierKO b C# pcaanavTOTOi .3a;tan h, chii- 
TaBIHHeCH AOC'iaTOHIIO CJIOaCHbIMH. B lipC/tC'iaiLTCIIIIOM 3A,eCb M CTO AC OlipCAC.TCII C/1,1111- 
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CTBeHHbifi napaMeTp numToDo h /(Be jioKajibHbie nepeMeHHbie squares h done. CcbuiKH 
Ha 3 th nepeMeHHbie npucyTCTByiOT b Tejie ./i a m6as- is bipaaceH h a. 

A Tenepb iipcvtCTaniiM, tio koa h3 ./hi moah- is bipaacei iuh noMemeH b or/i.e./ibiibiii Me- 
toa (KaK Toro Tpe6yeT CLR). KaraiM o6pa30M nepe/uri b xy/i,a 3na’icmiM nepeMeHHbix? 
JXjih aToro iioipeoyciCM iiciio.vioiaie/iiiiiijiii KJiacc, oiipeAC./mioiiinii none /uih KaacAoro 
3HaHeHiiH, KOTopoe TpcoycTca nepc/i,aTi) b koa o6paTHoro Bbi30Ba. KpoMe Toro, stot koa 
CA eAyeTonpeAeAHTb bo BcnoMoraTeAbHOM ic. iacceKaK 3K3eMnjiapHbffl mctoa. TorAaMe- 
toa UsingLocalVariablesInTheCallbackCode co3AacT 3K3eMnjiHp BcnoMoraTejibHoro 
Knacca, npiiCBOHT iio./him ./ma'icmiH . loicajibiibix nepeMeHHbix h, HaKOHCir, C03AacT oobeicr 
AC/ieraxa, ciiM./samibiii c BcnoMoraTeAbHbiM KnaccoM h aKse.Mii.iMpiibi.Yt mctoaom. 

nPMMEHAHME 

Korfla aaMbAa-BbipaxeHne 3acTaB/iaeT KOMnn/iaTop reHepnpoBaib K/iacc c npeBpameH- 
HbiMn b norm napaMeTpaMn/aoKaabHbiMn nepeMem-ibiMn, yBe/innnBaeTca BpeMa xh3hh 
obteKTa, Ha KOTopbin ccbi/iaiOTcn 3th nepeMeHHbie. ObbiHHO napaMeipbi/aoKa/ibHbie 
nepeMeHHbie yH nHTOxaiOTca nocne 3aBepi±ieHna MeTOAa, b kotopom ohh ncnoab3yiOTca. 
B AaHHOM xe cnynae ohh ocTaiOTca, noKa He 6yAeT yHHHTOxeH obteKT, coAepxaiAHn 
noae. B 6oabmnHCTBe npnaoxeHnPi 3to He nMeeT ocoboro 3HaHeHna, TeM He MeHee 3tot 
cJ)aKT caeAyeT 3Haib. 


3to HyAHaa a npeBaTaa omn6KaMii pa6oTa, h pa3yMeeTca, KOMminaTop nynme Bbinon- 
hht ee 3a Bac. npHBeAeHHbiii koa oh nepemimeT npHMepHO TaK (KOMMeHTapim moh): 
internal sealed class AClass { 

public static void UsingLocalVariablesInTheCallbackCode(Int32 numToDo) { 

// IlOKaabHbie nepeMeHHbie 
WaitCallback callbackl = null; 

// Co3flaHne 3K3eMnnfipa BcnoMoraTenbHoro Knacca 

<>c_DisplayClass2 classl = new <>c_DisplayClass2(); 

// HHnunann3aLiMfl nonePi BcnoMoraTenbHoro Knacca 
classl.numToDo = numToDo; 
classl.squares = new Int32[classl.numToDo]; 
classl.done = new AutoResetEvent(false); 

// BbinonHeHkie 3aaan b apymx nOTOKax 
for (Int32 n = 0; n < classl.squares.Length; n++) { 
if (callbackl == null) { 

// HoBbiil aeneraT npnBfl3biBaeTca k o6beKTy BcnoMoraTenbHoro Knacca 
// w ero aHOHHMHOMy 3K3eMnnapHOMy MeToay 
callbackl = new WaitCallback( 

classl.<UsingLocalVariablesInTheCallbackCode>b_0); 

} 

Thread Pool . QueuellserWor kit em( callbackl, n); 

} 
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// 0>KMflaHMe 3aBepmeHna ocTanbHbix noTOKOB 

classi.done.WaitOne(); 

// BbIBOfl pe3y/1bTaT0B 

for (Int32 n = 0; n < classl.squares.Length; n++) 

Console.WriteLine("Index {0}, Square={l}" J n, classl.squares[n]); 

} 

// BcnoMoraTe/ibHOMy K/iaccy npucBanBaeTca Heo6biHHoe mmb, HTo6bi 
// M36e>KaTb koh())/imktob n npeflOTBpaTMTb aocTyn m 3 xnacca AClass 
[CompilerGenerated] 

private sealed class <>c_DisplayClass2 : Object { 

// B KOfle o6paTHoro BbBOBa ana Ka*flOM noKanbHofi nepeMeHHOM 

// Mcnonb3yeTca OflHO OTKpbiToe none 

public Int32[] squares; 

public Int32 numToDo; 

public AutoResetEvent done; 

// OTxpbiTbiM KOHCTpyKTop 6e3 napaMeTpoB 
public <>c_DisplayClass2 { } 

// OTKpbITbIM 3K3eMnnfipHblM MeTOfl C KOflOM 06 paTH 0 r 0 Bbl30Ba 

public void <UsingLocalVariablesInTheCallbackCode>b_0(Object obj) { 

Int32 num = (Int32) obj; 
squares[num] = num * num; 

if (Interlocked.Decrement(ref numToDo) == 0) 
done.SetQ; 

} 

} 


BHMMAHME 

Be3 coMHeHnq, y aiodoro nporpaMMMCTa B03Hi/iKaeT co6aa3H ncno/ib30Baib aaivi6Aa- 
BbipaxeHMfl TaM, rAe 3 to yiviecTHO v\ He yMecTHO. /Ihhho h npiiBbiK k hum He cpa3y. BeAb 
koa, KOTopbiM Bbi nmiieTe BHyipti MeTOAa, Ha caMOM Aeae 3T0My MeTOAy He npMHaAaexm, 
hto 3aTpyAHneT otnaAKy m nomaroBoe BbinoaHeHi/ie. Xoth h 6bm OTKpoBeHHO nopaxceH 
TeM, HTO OTTiaAHHK Visual Studio n03B0aaa BblllOaHHTb TIHM6Aa-Bbipa>KeHM0 B MOeM HC- 
xoahom koas b noujaroBOM pexcmvie. 

S ycTaHOBHn aab ce6a npaBi/i/io: ecarn b MeTOAe odpaTHoro Bbi30Ba npeAnoaaraeica 6oaee 
Tpex dpoK koas, He i/icnoab30BaTb aaivi6Aa-Bbipax<eHMfl. BMecTO 3toto a nmiiy mctoa 
BpyHHyK) ia npncBanBaio eMy mmh. Bnponeivi, ripn pa3yMHOM noAxoAe aaividAa-BbipaxceHMH 
cnocodHbi cepbe3H0 noBbicmb npoAyKTMBHOCTb pa6o™ nporpaMMHCTa m ynpocTHTb noA- 
Aepxxy KOAa. B caeAyroiAeM npHMepe KOAaaaivi6Aa-Bbipax<eHHH CMOTpaTca eciecTBeHHO, 
h 6e3 hmix HanticaHMe, HTeHixe h peAaKTMpoBaHMe koab 6bmo 6bi HaMHoro caox<Hee: 

// Co3flaHMe m MHMpMa/iM3ai4Mfl MaccMBa String 

String[] names = { "Jeff", "Kristin"., "Aidan", "Grant" }; 

// M3BaeHeHne MMeH co ctpohhom 6yxBOM 'a' 

Char charToFind = 'a'; 

npodojiMenue & 
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names = Array.FindAll(names, name => name.IndexOf(charToFind) >= 0); 

// npeo6pa30BaHne Bcex cumbo/iob ctpokh b BepxHnii perncTp 
names = Array.ConvertAll(names, name => name.ToUpper()); 

// BbIBOfl pe3y/1bTaT0B 

Array.ForEach(names, Console.WriteLine); 


Ae-neraTbi n OTpa>Kei-me 

Bee noKa3aHHbie b stoh r. rauc npHMepw iiciio.iKsonamia neneraTOB Tpe6oBajm, hto 6 h 
paapaooT'm i< 3apaHee 3iia./i npoTOTHn mcto/pi o6paTHoro Bbi30Ba. CKaaceM, ecjm nepe- 
.vieimaH fb ccbuiaeTca Ha neneraTa Feedback (cm. ./inrnim nepBoro npimepa b stoh 
rjiaBe), koa o6pameHHH k neneraTy Mor 6bi BbirjiHueTb npimepHO TaK: 

fb(item); // napaMeTp item onpeae/ieH KaK Int32 

KaK BHUHTe, paapaooT'f n k nonaceH 3HaTb kojimhcctbo h a n 1 1 napaMeTpoB mcto/ui o 6 - 
paTHoro Bbi30Ba. K otacTbio, 3Ta iii[())()p.\iaii,iia iiotih Bcerna /tocTyima pa3pa6oTHHKy, 
TaK hto HaraicaTb noAo6HbiH 3TOMy koh — He npo6neMa. 

BnpoHeM, b OT/iejibHbix penKiix cmyamiax Ha momciit komiiii.ihi[iiii stii cnc/i,eima ot- 
cyTCTByiOT. B raaBe 11 npn o6cynyi,eHiiii Tima EventSet npHBOflHjicH cooTBCTCTByiomiiH 
npiiMep co cjiOBapeM, xpaHamiiM Ha6op pa3Hbix TimoB neneraTOB. /Ijih Bbi30Ba co6bmiH 
bo BpeMH BbinojiHCHiiH npoH3BO/iHjicH noiicK h bm 30 b neneraTa ii3 cnoBapH. 0,i,ilaico npn 
3 T 0 M 6bIJI0 HeB03M05KH0 y3HaTb BO BpeMH KOM1111.1 M 11,11 II, KaKOH HCJIdaT 6y/FCa BbI3BaH 
h KaKiie napaMeTpbi cjienyeT nepenaTb ero MCTo;i,y o6paTHoro Bbi30Ba. 

K cnacTbio, b Kjiacce System.Reflection.Methodlnfo iiMeeTCH mctoh Create- 
Delegate, ho3bojihioiii;hh coa/ianaTb h Bbi3biBaTb neneraTbi ;ia>KC npii OTcyTCTBiin 
CBeneHHH O HIIX Ha MO.VICl FI' KOMniUIHLUIII. BOT KaK BbirjIHAHT 11C]3Cl ]) V>KC1111 I>IC BepCHII 
3T0T0 MCTO/l,a: 

public abstract class Methodlnfo : MethodBase { 

// Co3aaHne aeaeraTa, c/iyxamero o6epTKoii CTaTwaecKoro MeToaa. 
public virtual Delegate CreateDelegate(Type delegateType); 

// Co3aaHne ae/ieraTa, c/iyxamero o6epTKoii 3K3eMn/iFipHoro MeTO/ia; 

// target ccbmaeTCfi Ha apryMeHT ’this’, 
public virtual Delegate CreateDelegate(Type delegateType, Object target); 

} 

Ilocjie toto KaK neneraT 6 ya,eT co3AaH, ero mohcho Bbi3BaTb mctoaom Dynamiclnvoke 
KJiacca Delegate, KOTopbiii ni>riviFi/in r npiiMepHO TaK: 

public abstract class Delegate { 

// Bbi30B fle^eraTa c nepenaHeii napaMeTpoB 

public Object DynamicInvoke(params Objectf] args); 

} 



fle/ieraTbi u OTpaxeHne 461 


IIpii iicnojib30BaHnii API OTpaacemra (cm. rjiaisy 23) iico6xo,'i,it.\io ciia'ia/ia iiojiyiirn, 
o6i>eKT Methodlnfo ana MeTona, /yia KOToporo TpeSyeTca co3,a,aTb neneraTa. 3aTeM bh- 
30b MCio/ui CreateDelegate coa/paer hobmh o6t>ckt Tima, npoii3BO/i,Horo ot Delegate 
h onpeAejiaeMoro nepBbiM napaMeTpoM delegateType. Ecjih nejieraT iipc/pcTaiuMCT 
3K3eMnjiapHbiii mctoh, TaKace cjienyeT nepenaTb CreateDelegate napaMeTp target, 
o6o3Haaaiomiifi o6beKT, KOTopbifi hojdkch nepenaBaTbca 3K3eMnjuipHOMy MeTOny KaK 
napaMeTp this. 

MeTOA Dynamiclnvoke KJiacca System. Delegate no3BOJiaeT 3aneiicTBOBaTb mctoa 
o6paTHoro Bbi30Ba neneraTa, nepenaBaa Ha6op napaMeTpoB, onpenejiaeMbix bo Bpe- 
mh ismio. iiiomni. IIpii Bbi30Be .viCTO/pa Dynamiclnvoke npoBepaeTca coBMecTHMOCTb 
iiqxyamibix napaMeTpoB c napaMeTpaMH, oacnnaeMbiMH mcto/pom o6paTHoro Bbi30Ba. 
Ecjih napaMeTpbi coBMecTHMbi, isi.nio. iiiae'iCH o6paTHbiii bm30b; b npoTHBHOM cjiynae 
reHepiipyeTca ncK. iio'iemic ArgumentExceptlon. /[aimiiiii mcto/p B03BpamaeT o6beKT, 

KOTOpblH 6bIJI B03BpameH MCTO/POM 06 paTH 0 r 0 BbI30Ba. 

PaccMOTpHM npimep npiiMeHemiH mcto/pob CreateDelegate h Dynamiclnvoke: 

using System; 

using System.Reflection; 

using System.10; 

// HecKO^bKO pa3Hbix onpefleyieHWM ae/ieraTOB 

internal delegate Object TwoInt32s(Int32 nl, Int32 n2); 

internal delegate Object OneString(String si); 


public static class DelegateReflection { 
public static void Main(String[] args) { 
if (args.Length < 2) { 

String usage = 

@"Usage:" + 

"{0} delType methodName [Argl] [Arg2]" + 

"{0} where delType must be TwoInt32s or OneString" + 

"{0} if delType is TwoInt32s, methodName must be Add or Subtract" + 

"{0} if delType is OneString, methodName must be NumChars or Reverse" 

+ 

"{ 0 }" + 

"{0}Examples:" + 

"{0} TwoInt32s Add 123 321" + 

"{0} TwoInt32s Subtract 123 321" + 

"{0} OneString NumChars V'Hello there\"" + 

"{0} OneString Reverse V'Hello thereY'"; 

Console.WriteLine(usage, Environment.NewLine); 
return; 


// npeo6pa30BaHne apryMeHTa delType b Tun fleneraTa 
Type delType = Type.GetType(args[0]); 
if (delType == null) { 

Console.WriteLine("Invalid delType argument: " + args[0]); 

npodojincenue & 
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return; 

} 

Delegate d; 
try { 

// npeo6pa30BaHine apryMeHTa Argl b mbtoa 
M ethodlnfo mi = 

typeof(DelegateReflection).GetTypeInfo().GetDeclaredMethod(args[1]) 

// Co3flaHne fle^eraTa, cnywamero o6epTKoii CTaTunecKoro MeTOfla 
d = mi.CreateDelegate(delType); 

} 

catch (ArgumentException) { 

Console.WriteLine("Invalid methodName argument: " + args[l]); 
return; 

} 

// Co3flaHne MaccuBa, coaepxamero apryMeHTbi, 

// nepeaaBaeMbie MeToay sepe3 ae/ieraT 

Object[] callbackArgs = new Object[args.Length 2]; 

if (d.GetTypeQ == typeof(TwoInt32s)) { 
try { 

// npeo6pa30BaHne apryMeHTOB Tuna String b Tun Int32 
for (Int32 a = 2; a < args.Length; a++) 

callbackArgs[a 2] = Int32.Parse(args[a]); 

} 

catch (FormatException) { 

Console.WriteLine("Parameters must be integers."); 
return; 

} 

} 

if (d.GetTypeQ == typeof(OneString)) { 

// npocToe KonupoBaHne apryMeHTa Tuna String 

Array.Copy(args, 2, callbackArgs, callbackArgs.Length); 

} 

try { 

// Bbi30B fleneraTa m bnboa pe3y/ibTaTa 

Object result = d.DynamicInvoke(callbackArgs); 

Console.WriteLine("Result = " + result); 

} 

catch (TargetParameterCountException) { 

Console.WriteLine("Incorrect number of parameters specified."); 

} 


// MeTOfl o6paTHoro BbBOBa, npnHMMaioinnki flBa apryMeHTa Tuna Int32 
private static Object Add(Int32 nl, Int32 n2) { 
return nl + n2; 

} 
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// MeTOfl o6paTHoro Bbi30Ba , npnHHMawmHM flBa apryMeHTa Tuna Int32 
private static Object Subtract(Int32 nl, Int32 n2) { 
return nl n2; 

} 

// MeTOfl o6paTHoro Bbi30Ba j npHHHMatomnin oahh apryMeHT Tuna String 
private static Object NumChars(String si) { 
return si.Length; 

} 

// MeTOfl o6paTHOro BbBOBa., npHHHMatomnin oahh apryMeHT Tuna String 
private static Object Reverse(String si) { 
return new String(sl.Reverse().ToArray()); 

} 



jiaea 18. HacTpai/maeMbie 
aTpwSyTbi 


B 3toh rjiaBe onucbiBaeTca o/um H3 caMbix HOBaTopcKiix MexaHH3MOB Microsoft .NET 
Framework — MexaramM nacmpaueaeMbixampu6ymoe (custom attributes). Hmchho Ha- 
CTpaimaeMbie aTpubyTbi no3BOJiaiOT CHabscaTb koaobmc KOHCTpyKumi AeioiapaTHBHbiMH 
aHHOTaUIIHMII, liaUCJUIM KOA OCo6bIMII B03M05KH0CTHMH. HaCTpailBaeMbie aTpubyTbl 
AaiOT B03M05KH0CTb oauaTb m i(})op\iami 10, npriMeHiiMyio npaKTiiuecKii k .11060it 3anncn 
Ta6juiubi MeTauaHHbix. HHcjaopMauiiK) 06 3thx pacmnpueMbix MeTauaHHbix MoacHO 3anpa- 
mriBaTb bo BpeMHBbinojiHeHimc ueubio /aiiiaMU'iecKoro imieiieimM xo;i,a libiiio. ineiiiiM 
nporpaMMbi. HacTparmaeMbie aTpubyTbi npiiMeHmoTca b pa3nnuHbix TexHononiax .NET 
Framework (Windows Forms, WPF, WCF h t. n.), uto noano.iMcr pa3paboTUHKaM jienco 
BbipaacaTb cboii HaMepeHim b KOAe. TaraiM o6pa30M, yMemie pa6oTaTb c HacTpauBaeMbiMii 
aipiiSyiaMii iico6xo/i,iimo bccm paapaboTuu ica.vi .NET Framework. 


Cct>epa npMMeHeHuq 

HacTpaMBaeMbix aTpn6yTOB 

ATpubyTbi public, private, static u iim noAobHbie npiiMeHmoTCH KaK k ranaM, TaK 
h k ujieHaM TimoB. FIhkto He CTaHeT cnopriTb c tcm, uto aTpubyTbi nojie3Hbi — ho 
K aK HacueT bo3moachoctii 3a/i,aiiiiM cobcnscmibix arpiiSiyTOB? I Ipc/uio.ioaiUM, 11 y >k 110 
He npocTO onpeyejiuTb Tim, ho ii KaKn.vwmbo o6pa30M yKa3aTb Ha B03M05KH0CTb ero 
yaajieHHoro uciio.ibaoiiaima nocpeACTBOM cepHajiH3au;HH. Hjiii, k npriMepy, Ha3HauiiTb 
MeTO/i,y arpubyT, KOTopbiri 03HauaeT, uto .yui m.iiio. iiicima MCToya aoaachm 6biTb nojiy- 
ueHbi HeKOTopbie paapcmemm 6e3onacHOCTH. 

Paay.viecTCM, G03AaBaTb 1 lacipauBae.vibie aTpubyTbi h iipii.vieimTb hx k TiinaM h mcto- 
AaM oueHb yaobHO, o/yiaKO auh 3 toto KOMniuisiTop /(OJiaceH pacno3HaBaTb sth aTpnbyTbi 
h 3aHOCHTb coot ikoct avion mo u 1 i(j)op\iai lii 10 b .viCTa/iam 1 bic. 0iipMbi-pa3paboTUHKii 
rr|)C/i,rro'i htiiiot He nybuiiKOBaTb hgxoahmh koa cboiix KOMniunrropoB, nosTOMy cne- 
UHajiHCTbi Microsoft npe/yioaciuiH ajibrepHaTHBHbiH cnocob paboTbi c HacTpanBaeMbiMH 
aTpubyTaMH, KOTopbie iipcACTaii.uiiOT coboir moiuhhh MexaHH3M, nojie3Hbrii KaK npii 
pa3paboTKe, TaK h npn BbinojmeHiiH npiuioaceHiiH. OnpeAejiHTb h 3aAeHCTBOBaTb Ha- 
CTpariBaeMbie aTpubyTbi mo>kct kto yro/uio, a Bee CFR-coBMecTHMbie KOMnHJiHTopbi 
aoaachm hx pacno3HaBaTb h reHepupoBaTb cooTBeTCTByioruHe MCTa/pumbie. 

CaeAyeT nomiMaTb, uto HaCTpailBaeMbie aTpubyTbi iipeAC'iamm iot coboti Jiimib 
cpeACTBO nepe^aun HeKoti AOim.mmc.ibiioii mi(j)0|)Mauuu. Komiiii./im'ioj) noMemaeT 
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3Ty Hi[())opMaii,ii io b MeTa/i,aHHbie ynpaBjiaeMoro Monyjia. Bojibmaa 'laci b a'lpuSyioii 
AJifl KOMroijiHTopa npocTO He HMeeT .aFianemia; oh oonapyxicmsacT hx b iicxo/iiiom ko/fc 
h coa/tacT /yia hiix cooTiiC'iCTiiviomnc .vieTa/puiiipac. 

Bn6./mo'['ei<a KJiaccoB .NET Framework (FCL) isK. iioaaci onpeacjiemia cotch Ha- 
CTpariBaeMbix aipn6yTOB, KOTopbie bm mo>kctc Hcnojib30BaTb b cbocm ko/fc. Bot He- 
CKOJibKO npriMepoB: 

□ ATpii6yT Dlllmport npii npHMeHeHHH k Mero/Fy imcjiopMHpyeT CFR o tom, hto mcto/f 
pca.'iiiaoBaii b HeynpaBJiaeMOM ko/fc yica3aHHOH I ) LL-6h6. i ho i ck it. 

□ Axpn6yT Serializable npn npHMeHeHHH k Tuny HH(f)opMupycr MexaHH3Mbi ce- 

pHajiH3au,HH o tom, [ ito oifacM i La a|) 11 i.ic 11o.M a nocTyn 111>i cepiiajiH3au,HH h yecc- 

pHajiH3an,HH. 

□ ATpn6yr AssemblyVersion npn iipu.Yienemin k c6opice aa/Facr Bepcnio c6opKii. 

□ A'['pn6yr Flags npn iipii.vienemni k nepenHCJiHMOMy THny npeBpamaeT nepcnicjm- 
Mbiii Tun b Ha6op 6 htobwx (JwiaroB. 

PaCCMOTpHM ICO/F C MH05KCCTB0M npHMCHeHHblX K HCMy aTpn6yT0B. B C# HMCHa Ha- 
CTpariBaeMbix a'lpuoyion iiOMcmaiOTca b KBaapaTHbie cko6kii Henocpe/FCTBeHHO i icpc/F 
HMeHeM KJiacca, o6beKTa h t. n. Fie m<naineci> noHHTb, hto hmchho yc.'iacr ko/f; a Bcero 
jiiimb xony noKa3aTb, KaK Bi.iiviM/yn aTpH6yTbi: 

using System; 

using System.Runtime.InteropServices; 

[StructLayout(LayoutKind.Sequential, CharSet = CharSet.Auto)] 
internal sealed class OSVERSIONINFO { 
public OSVERSIONINFOQ { 

OSVersionlnfoSize = (UInt32) Marshal.SizeOf(this); 

} 

public UInt32 OSVersionlnfoSize = 0; 
public UInt32 MajorVersion = 0; 
public UInt32 MinorVersion = 0; 
public UInt32 BuildNumber = 0; 
public UInt32 Platformld = 0; 

[MarshalAs(FJnmanagedType. ByValTStr, SizeConst = 128)] 
public String CSDVersion = null; 

} 

internal sealed class MyClass { 

[DllImport("Kernel32", CharSet = CharSet.Auto, SetLastError = true)] 
public static extern Boolean GetVersionEx([In, Out] OSVERSIONINFO ver); 

} 

B naHHOM cjiyaae aTpn6yT StructLayout npiiMCHaeTCH k Kjiaccy OSVERSIONINFO, 
aTpn6yT MarshalAs — k noaio CSDVersion, aTpn6yT Dlllmport — k MeToay GetVersionEx, 
aaTpn6yTbi In h Out — k napaMetpy ver Mero/iaGetVersionEx. B KaxuoM H3biiceonpe- 
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aejuieTCH CBoii CHHTaKCHC npiiMeHeHiia HacTpaiiBaeMbix aTpn 6 yTOB. HanpiiMep, b Visual 
Basic .NET bmccto KBa/ipaTHbix cko6ok ncnojib 3 yK>TCH yrjiOBbie (< >). 

CLR II03H0./UICT npiIMeHUTb aTpH6yTbI KO BCeMy, 'ITO MO/ICCT 6bITb l[|)C/[,C'iaii./l(‘l[0 
MeTa/i,aHHbiMii. Name Bcero ohii npiiMCiia iotcm k aaimcaM b cjie/tyioimix Ta6jmu,ax 
onpeAejiemiH: TypeDef (KJiaccbi, CTpyKTypbi, nepeuiicjieHiiH, iiHTepcj)eiicbi h aejieraTbi), 
MethodDef (KOHCTpyKTopw), ParamDef, FieldDef, PropertyDef, EventDef, AssemblyDef 
h ModuleDef. B uacTHOCTH, C# iio.3Bo.mei iipiiMeiian. i iacapaniiae.\ibie aTpH6yTbi TOJib- 
ko k iicxo/iHOMy KO/i,y, onpeAejimomeMy TaKue sjieMeHTbi, KaK c6opKii, MOAyjm, Timbi 
(ic/racc, CTpyKTypa, nepeuiicjieHiie, miTcpcjieiic, /ic.aeraT), iio.ih, MeTOAbi (b tom uucjie 
KOHCTpyKTopbi), napaMeTpbi mctoaob, isoanpainaeMbie 3 naucun>T mcto/iois, CBoiiCTBa, 
co6biTHH, napaMeTpbi o6o6meHHoro Tnna. 

Bbi MOJKeTe aa/pni> iipccj)n kc, yKa3biisaioiniiii, k 'le.viy 6y/U‘T npHMeHeH aipnoyr. 
Bo3MoacHbie BapnaHTbi npecjniKCOB npeflCTaBjieHbi b nOKa3aHHOM /pi.iee (jipaiMCirrc 
KOAa. B11 1)0' le.vi. KaK noiumio H 3 iipe/ibiuyiucm npnMepa, komiiii.tmto|) uacTO cnoco6eH 
onpe/iejiiiTb iiaana'iemu' aTpn6yTa nasce npn OTcyTCTBiin npecjniKca. 06fl3aTejibHbie 
npecjuiKCbi BbmejieHbi nojiyaciipHbiM inpiicjiTOM: 

using System; 

[assembly: SomeAttr] // npiiMeHaeTCfl k c6opKe 

[module: SomeAttr] // npuMeHaeTca k Moayaio 

[type: SomeAttr] // npuMeHaeTcn k Tuny 

internal sealed class SomeType<[typevar: SomeAttr] T> { // npuMeHaeTcn 

// k nepeMeHHOM o6o6meHHoro Tuna 

[field: SomeAttr] // npuMeHaeTcn k noara 

public Int32 SomeField = 0; 

[return: SomeAttr] // npuMeHaeTca k B03BpamaeM0My 3HaaeHmo 

[method: SomeAttr] // npuMeHaeTCS k MeToay 

public Int32 SomeMethod( 

[param: SomeAttr] // npuMeHaeTCfl k napaMeTpy 
Int32 SomeParam) { return SomeParam; } 


[property: SomeAttr] // npniMeHaeTca k cBoncTBy 
public String SomeProp { 

[method: SomeAttr] // npmvieHaeTCfl k MexaHH3My aocTyna get 
get { return null; } 

} 


[event: SomeAttr] // npuMeHaeTca k co6biTwflM 

[field: SomeAttr] // npuMeHaeTca k noaaM, co3flaHHbiM KOMnnafiTopoM 

[method: SomeAttr] // npmvieHaeTCfl k co3flaHHbiM 

// KOMnnaaTopoM MeTOflaM add w remove 
public event EventHandler SomeEvent; 

} 

Tenepb, Kor/i,a bbi 3HaeTe, KaK npiiMCHHTb HacTpaiiBaeMbie aTpn6yTbi, flaBaiiTe pa3- 
6epeMca, uto ohii co6oii npeACTaBJiaioT. HacTpaiiBaeMbiii aTpn6yT — sto bccto Jinnib 
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3K.3C.\iiump Tima. JXj ih cootisctctbii a o6meH3biKOBoii ciicnii(j)iiKamin (CLS) oh aoji- 
aceH npmvro hjih kocbchho Hacjie/tOBaTb ot a6cTpaKTHoro KJiacca System. Attribute. 
B C# ,a,onycTHMbi to.ii>ko CLS-coBMecTHMbie aTpndyTbi. B /i,OKyMeinaii,uu Ha .NET 
Framework SDK Moamo o6HapyacHTb onpe/tejieHiiH cjie/tyiomHx KjiaccoB 113 npe/tbi/ty- 
mero npiiMepa:StructLayoutAttribute, MarshalAsAttribute,DllImportAttribute, 
InAttribute h OutAttribute. Bee ohii Haxo/tHTCH b npocTpaHCTBe hmch System. 
Runtime. InteropServices, npn 9 tom Kjiaccbi aTpn6yTOB MoryT onpe/tejuiTbCJi b jho 6 om 
npocTpaHCTBe iiMeH. Moamo 3aivieTHTb, hto bcc nepenHCJieHHbie Kjiaccbi hbjihiotch npoii3- 
boahmmh ot KJiacca System. Attribute, KaK 11 nojioaceHO CLS-coBMecTHMbiM aTpn6yTaM. 

nPMMEHAHME 

npn onpeAeneHMM aTpuGyra KOMnwiHTop no3BoaaeT onycKaTb cycfxtiHKC Attribute, hto 
ynpomaeT bboa koas n AeaaeT ero 60/iee HUTabe/ibHbiM. 9\ aKTUBHO ncno/ib3yio 3Ty bo 3- 
MOXHOCTb b npnBOAUMbix b KHnre npniviepax — HanpnMep, nnaiy [Dlllmport{...)] BMecTO 
[DlllmportAttribute(...)]. 


KaK yace ynoMHHajiocb, aTpn6yTbi hbjijhotcji it. 3e i m r 11 >11)a m 11 KJiacca. H stot KJiacc 
AOJiaCeH IIMCTb OTKpblTblii KOHCTpyKTOp RJIX C03AaHHH 3K3eMnjIHpOB. A 3HaHHT, CIIHTaKCHC 
npiiMeHeHHH aTpn6yTOB aHajionmeH Bbi30By KOHCTpyKTopa. KpoMe Toro, iicnojib3yeMbiii 
H3biK MoaceT no/ytepacHBaTb cneitiiajibHbiH cuHTaKcuc onpeAejieHim OTKpbiTbix nojieii 
hjih CBoiicTB KJiacca aTpudyTOB. PaccMOTpiiM oto Ha npiiMepe. Bcpiic.vioi k npHiioacemrio, 
b kotopom aTpn6yT Dlllmport ii|)ii.vicnac'[c>i k MCToyy GetVersionEx: 

[DllImport("Kernel32" J CharSet = CharSet.Auto, SetLastError = true)] 

BbirjIHAHT AOBOJIbHO CTpaHHO, HO BpHA JIH Bbl SyACTe KOr/ta-HIlSyAb HCn0JIb30- 
BaTb noyooiibiii cnm aKcnc ajih Bbi30Ba KOHCTpyKTopa. CoraacHO onucaiJino KJiacca 
DllImportAttribute b AOKyMeHTaitmi, ero KOHCTpyKTOp TpeSyeT e/tiiHCTBeHHoro na- 
paMCTpa THna String. B paccMaTpHBaeMOM npHMepe b Kaaecnic napa.vieTpa nepe/taeTCH 
CTpoKa "Kernel32". IlapaMeTpbi KOHCTpyKTopa Ha3biBaiOTCJi no3uu,uoHHbiMU (positional 
parameters); npn iipii.vtencimn aTpn6yTa cjie/tyeT oonsaTC./ibim hx yKa3bmaTb. 

A hto c eme /my-w 1 «napaMeTpaMH»? IIoKa3aHHbiH oco6biii cuHTaKcuc iioaiso.iacr 
3aAaBaTb jnodbie OTKpbiTbie nojin hjih CBoiiCTBa odneKTa DllImportAttribute nocjie ero 
C03/taHHH. B paccMaTpimaeMOM npHMepe npn C03/tarniH 3Toro o6beKTa ero KOHCTpyK- 
Topy nepe/taeTCH CTpoKa "Kernel32", a otkpmtmm 3K3eMnjinpHbiM nojiHM CharSet 
11 SetLastError npucBaimaiOTCH 3HaHeHiin CharSet.Auto 11 true cooTBeTCTBeHHO. 
«IIapaMeTpbi», aa/pnonme nojia hjih CBoiiCTBa, Ha3biBaiOTCJi UMemeaHHUMU (named 
parameters); ohii hbjihiotch Heo6a3aTejibHbiMH. Myib no3ace mm paccMOTpiiM, KaK hhh- 
HiinpoBaTb KOHCTpyHpoBaHiie 3K3eMnjiapa KJiacca DllImportAttribute. 

Cjie/tyeT 3aMeTHTb, hto k o.tiiomv ojie.viCFny MoacHO npiiMeHiiTb HecKOJibKO aTpu- 
6yTOB. CKaaceM, b npHBe/teHHOM b nanajie maBbi cjtpar.viem e icoya k napaMeTpy ver 
MeTO^a GetVersionEx npiiMeHmoTca aTpnoyibi In h Out. yurinc, hto nopayoK cjieao- 
BaHiia aTpiidyTOB b TaKoii ciiTyaitnn He iiMeeT .niaaemia. B C# OT/tejibHbie aTpudyibi 
MoryT 3aKJHOHaTbcn b KBaApaTHbie cko6kh; TaKace B03M0acH0 nepeniicjiCHiie naoopob 
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aTpn6yT0B b othx cko6khx 'icpea 3anHTyio. Ecjih KOHCTpyKTop KJiacca aipuSyTa He 
HMeeT napaMeTpoB, Kpyr/ibie cko6kii mojkho onycTHTb. Hy h, KaK yace ynoMHHa/iocb, 
cy<))())iiKc Attribute Taioice hbjihctch Heo6H3aTejibHbiM. IIoKa3aHHbie /pi/icc CTpoKii 
npuBOAHT k 0 / 1,1 lo.viy h TOMy ace pe3yjibraTy h neMOHCTpupyiOT Bee B03MoacHbie cnoco6bi 
npHMeHeHHH Ha6opa aipuoyi'oii: 

[Serializable][Flags] 

[Serializable, Flags] 

[FlagsAttribute, SerializableAttribute] 

[FlagsAttribute()][Serializable()] 


Onpefle/ieHiie K/iacca aTpn6yTOB 

Bbi yace 3HaeTe, tio jho6oh aTpn6yT npencTaBJiaeT co6oii 3K3eMn/iap K/iacca, npoH3BOA- 
Horo ot System.Attribute, h yMeeTe npiiMeHHTb aTpn6yTbi. I Ipiim/io BpeMH paccMO- 
TpeTb npopecc hx co/i.iaii hh. I Ipe/tCTani/ic, tio bh pa6oTaeTe b Microsoft h iio/iy'iu/m 
::ia/i,aiiue peajni30BaTb no/tnepacKy 6htobmx (JuiaroB b i icpea iicjihm fix Tunax. /[;ia naaa.ia 
HyatHO onpenejuiTb K/iacc FlagsAttribute: 

namespace System { 

public class FlagsAttribute : System.Attribute { 
public FlagsAttribute() { 

} 

} 

} 


06paTHTe BHHMaHHe, tio K/iacc FlagsAttribute ilac/ic/tycT ot K/iacca Attribute; 
hmchho 9to Ac/iacr ero CLS-coBMecTHMbiM. B/tooaiiOK b u mci in KJiacca npHcyTCTByeT 
cy<) k|) u kc Attribute. 3to cooTBeTCTByeT CTan/i,apTy uMeimiiaiiua, xoth ii He hbjihctch 
o6M3aTC./ibiibiM. HaKOHeu,, Bee Hea6cTpaKTHbie aTpii6yTbi aojihchm conepacaTb xoth 6m 
o/i,u ii OTKpbiTbiii KOHCTpyKTop. npocTeHiniiii KOHCTpyKTop FlagsAttribute hc HMeeT 
napaMeTpoB ii He BbinojiHHeT HiiKaKiix achctbiih. 

BHMMAHME 

ATpubyT caeAyeT pacciviaTpuBaTb KaK aornaecKHn KOFueuFiep coctohhufi. l/lHaae roBO- 
pa, xoth aTpubyT n HBaaeTca K/iaccoM, stot xaacc AoaxeH 6biTb xpanHe npocTbiM. Oh 
AoaxeH coflepxaTb Bcero oahh OTKpbiTbin KOHCTpyKTop, npnHniviaiOLUHH o6a3aTeabHyio 
(nan no3nu,noHHyio) nHcJiopMaunio o coctohhhh aTpnbyia. Taxxe Kaacc MOxeT coAep- 
xaTb OTKpbiTbie noaa/CBoncTBa, npnHniviaiOLAne AonoaHnTeabHyio (nan nivieHOBaHHyio) 
nHcJiopMaiinio o coctohhhh aTpnbyTa. B Kaacce He AoaxHO 6biTb OTKpbiTbix mgtoaob, 
cobbiTnn nan APyrnx naeHOB. 

B obiAewi caynae a He OAObpaio ncnoab30BaHne OTKpbiTbix noaen. ATpnbyTOB 3 to Toxe 
KacaeTca. Jlynuie BOcnoab30BaTbca CBondBawin, Tax xax ohh obecneanBaiOT boabiuyio 
rnbKOCTb b cayaaax, xorAa TpebyeTca BHecm H3MeHeHHH b peaan3au,nio xaacca aipn- 
6ytOB. 
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I loAV'iacTCH, tio ;)i(3Cmii;im|')p>i KJiacca FlagsAttribute mojkho iipii.YieiiHTi< k 'te.viy 
yI'o/u io, xoth peajibHO stot appn6yT cjic/pycT npiiMemiTb tojibko k iiepeuHCjiii.Yibi.vi th- 
naM. HeT CMbicjia npiiMemiTb ero k CBoiiCTBy hjih MeTOfly. x lTo6bi yKa 3 aTb KOMmuinTopy 
oo.MacTb aeHCTBHH ;i:ipii6yTa, iipn.viciPiiM k KJiaccy a'i pii6y'ia 3K3eMiuijip KJiacca System. 
AttributeUsageAttribute: 

namespace System { 

[AttributeUsage(AttributeTargets.Enum, Inherited = false)] 
public class FlagsAttribute : System.Attribute { 
public FlagsAttribute() { 

} 

} 

} 


B 3 T 0 H hoboh BepciiH 3iC3CMii.3Mp AttributeUsageAttribute iipu.\ieiiMCTC!-i k aTpii- 
6yTy. B KOHiie koiihoh, aTpn6yTbi — sto Bcero Jiiniib KJiaccbi, a ana'im, k hum, b cboio 
onepenb, mojkho 111)n.vieip u p i> npyrne aTpii6yTbi. A'lpi-ioyi AttributeUsage mimhcto-i 
npocTbiM KJiaccoM, yKa 3 biBaiomHM KOMniijiHTopy oojiac'i P) achctbwt iiac'i paHiiae.viom 
a'lpuSyia. Bee KOMirajiiiTopbi hmciot BCTpoeHHyio no/mepacKy 3 Toro aTpn6yia h npii 
nonbiTKe npiiMemiTb ero k iicyoiiycTHMOMy sjiCMCiny BbmaiOT coo6meHiie 06 onm6Ke. 
B paccMaTpiiBaeMOM npimepe aTpnSyr AttributeUsage yKa 3 bmaeT, hto 3 K 3 C.\iii. ; im|)I)I 
aTpuSyTa Flags pa6oTaiOT TOJibKO c nepemicjiiiMbiMii TnnaMii. 

TaK KaK Bee aTpn6yTbi hbjihiotch mnaMH, noHHTb, KaK ycTpoeH Kjiacc 
AttributeUsageAttribute, necjioacno. Bot picxo/p,ipp>p ii koa atom KJiacca b FCL: 

[Serializable] 

[Attributellsage(AttributeTargets.Class, Inherited=true)] 
public sealed class AttributeUsageAttribute : Attribute { 

internal static AttributeUsageAttribute Default = 
new AttributeUsageAttribute(AttributeTargets.All); 

internal Boolean m_allowMultiple = false; 

internal AttributeTargets m_attributeTarget = AttributeTargets.All; 

internal Boolean m_inherited = true; 

// EflMHCTBeHHbIM OTKpblTblil KOHCTpyKTOp 

public AttributeUsageAttribute(AttributeTargets validOn) { 
m_attributeTarget = validOn; 

} 

internal AttributeUsageAttribute(AttributeTargets validOn, 

Boolean allowMultiple, Boolean inherited) { 
m_attributeTarget = validOn; 
m_allowMultiple = allowMultiple; 
m_inherited = inherited; 

} 

public Boolean AllowMultiple { 
get { return m_allowMultiple; } 
set { m_allowMultiple = value; } 

} 


npodojiMemie & 
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public Boolean Inherited { 
get { return m_inherited; } 
set { m_inherited = value; } 

} 

public AttributeTargets ValidOn { 
get { return m_attributeTarget; } 

} 

} 


KaK BiinHTe, KJiacc AttributeUsageAttribute iiMeeT OTKpbiTbifi KOHCTpyKTop, 
KOTopbifi no3BOJiaeT nepenaBaTb 6HTOBbie cjjjiarn, o6o3Ha T iaiomHe o6jiacTb npiiMeHeHiia 
axpuSyTa. I IcpcmcjiiiMbiii Tim System.AttributeTargets onpenejiaeTCH b FCL Taic: 

[Flags, Serializable] 
public enum AttributeTargets { 

Assembly = 0x0001, 

Module = 0x0002, 

Class = 0x0004, 

Struct = 0x0008, 

Enum = 0x0010, 

Constructor = 0x0020, 

Method = 0x0040, 

Property = 0x0080, 

Field = 0x0100, 

Event = 0x0200, 

Interface = 0x0400, 

Parameter = 0x0800, 

Delegate = 0x1000, 

ReturnValue = 0x2000, 

GenericParameter = 0x4000, 

All = Assembly | Module | Class | Struct | Enum | 

Constructor | Method | Property | Field | Event | 

Interface | Parameter | Delegate | ReturnValue | 

GenericParameter 

} 


y KJiacca AttributeUsageAttribute ecTb /psa /piiio. iiime.ipan.ix OTKpbiTbix cboh- 
CTBa, KOTopbiM npn ripii.vieiiciiiiu aipnoy'ia k KJiaccy MoryT 6biTb npucBoeHbi aiiauemiM 

AllowMultiple hI nherited. 

BojIbinilHCTBO aTpH6yTOB He HMeeT CMbICJia II|)I1MCI[MTP) K OflHOMy .'XICMCIITV OOJICC 
aiiiom pa3a. Hanpimep, BaM mraero He nacT p ioc./ie/i,()na'[ejp p>ipoc iipii.viciiciiiic a'lpiioyia 
Flags hjih Serializable: 

[Flags][Flags] 
internal enum Color { 

Red 

} 

Bojiee Toro, npn nonbiTKe KOMraiJiHiiiin TaKoro Kona noaBiiTca coo6meHiie 06 omn6Ke 
(omn6Ka CS0579: /p,y6jmpoBaHiie aTpnSyTa Flags): 

error CS0579: Duplicate ’Flags’ attribute 
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O/UiaKO ecrb h aTpH6yTbi, MHoroKpaTHoe npHMeHeHHe kotophx onpaBnaHO — b FCL 
3 to KJiacc aTpuSyTOB ConditionalAttribute. J\jm 3 Toro napaMeTpy AllowMultiple 
AOjiacho 6 biTb npucBoeHO 3 nancHHC true. B iipothbhom cjiynae MHoroKpaTHoe npn- 
MeHeHi-ie aTpn6yTa i[cbo 3 mo>kiio. 

Cbohctbo Inherited KJiacca AttnibuteUsageAttnibute yKa3biBaeT, 6y/i,eT jih 
aTpH6yT, II]) IT MO I l>l (‘.M !)l IT K 6 a 30 B 0 My Kjiaccy, npiIMeHJITbCH Ta IOKC K II|) 0 I 13 I! 0 , : UII)IM 
KjiaccaM h nepeonpe/i,ejieHHbiM Mera/iaM. CyTb HacjieAOBaHiiH aTpn6yTa neMOHCTpupyeT 
c./iCAViomnh ko/c 

[AttributeUsage(AttributeTargets.Class | AttributeTargets.Method, 

Inherited=true)] 

internal class TastyAttribute : Attribute { 

} 

[Tasty][Serializable] 
internal class BaseType { 

[Tasty] protected virtual void DoSomething() { } 

} 

internal class DerivedType : BaseType { 
protected override void DoSomething() { } 

} 

B 3tom K'o/tc KJiacc DerivedType h ero mctoa DoSomething cnaO/Keiibi arpiioyTOM 
Tasty, TaK KaK KJiacc TastyAttribute iio.vieaen KaK ilacjic/tyeMbiii. IIpH stom KJiacc 
DerivedType HecepiiajiH3yeMbiii, noTOMy tio KJiacc SerializableAttribute b FCL 
iiomckti KaK HeHacjienyeMbiH aTpu6yT. 

C;ic;i,ycT noMHiiTb, tio b .NET Framework iiar.iCAOisaiinc aTpn6yTOB aoiivcthmo 
TOJI bKO RJ 1 H KJiaCCOB, MCTOAOIS, CBOHCTB, Co6bITHH, nOJieil, B 03 Bpam,aeMbIX 311 M 1 [Cf [ H IT 
h napaMeTpoB. Fie 3 a 6 biBaiiTe 06 stom, npiiCBaiiBan napaMeTpy Inherited 3 iia i iemic 
true. KcTara, npn najuiniin Hacjie/iyeMbix aTpn6yTOB aoiio.tiiiitc.ti>iii>i e .\Kna/i,amibie 
b ynpaBjureMbiii Monyjib ajih npori 3 BOA,Hbix TiinoB He /i,o6ais.TM iotch. Bojiee nonpo6no 
MbI nOrOBOpHM 06 3 TOM UyTb II 03 >KC. 

nPMMEHAHME 

Ec/in npu onpefle/ieHnu cobcTBeHHoro K/iacca aTpnbyroB Bbi 3a6yAeTe npmvieHHTb aTpnbyr 
Attributellsage, KOMnnnmop n CLR 6yAyT paccMaTpnBaTb no/iyHem-ibin pe3yabTaT KaK npn- 
MeHnMbiM k jnobbiM arieMeHTaM, ho TO/ibKO oahh pa3. KpoMeToro, oh 6yAeTHacaeAyeMbiM. 
IdMeHHO T3Kne 3HaHeHMH no yMoanaHmo mvieiOT nona K/iacca AttributellsageAttribute. 


KoHCTpyKTop aTpn6yTa m Ti/mbi AaHHbix 
nOJieM M CBOMCTB 


OnpeAejiaa KJiacc HacTpanBaeMbix aTpHOyioii, moacho yKa3aTb KoHCTpyKTop c napaMe- 
TpaMH, KOTopwe AOJiaceH 3aAaBaTb pa3pa6oT t niK, Hcnojib3yK>miiii 3K3eMnjiap aTpn6yTa. 
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KpoMe Toro, bm mohcctc onpenejniTb HecTaTiraecKiie OTKpbiTbie iio. im h CBoiicTBaCBoero 
Tuna, KOTopbie pa3pa6oTHHK mohcct aa/pinaTb no yKc.aaimio. 

Onpe/iejiaaKOHCTpyKTop ;)K3 Cmii. ; [m|)oi! KJiaccaaTpiioyTOb, a 'raioicc iio.im h CBoficTBa, 
caenyeT orpaininiiTbCH nc6o.Tbiiiii.vi Ha6opoM tiiiiob aainibix. /lonycTiiMbi xiinbi: Bool¬ 
ean, Chan,Byte,SByte,Intl6,UIntl6,Int32, UInt32,Int64, UInt64, Single,Double, 
String, Type, Object n nepenncjiHMbie Tunbi. Mohcho ncnojib30BaTb TaKace OAHOMepHbie 
MaccHBbi 3 thx TunoB c HyjieBoii HiiacHen ipaniinci-i, ho oto He pcKOMCii/tycTOi, TaK KaK 
K./iacc HacTpaiiBaeMbix aTpn6yTOB, KOHCTpyKTop KOToporo yMeeT pa6oTaTb c MacciiBaMii, 
He OTHOCHTCH K CLS-COBMeCTHMbIM. 

IIpHMeHHHaTpH6yT, cjieayeTyKa3biBaTb oii|)C/i,c;iciiiioc npn Kovinujiannn iiociomii- 
Hoe Bbipaaceraie, coiina/i,aioinec c tuiiom, aa/uiim i>im KjiaccoM arrpn6vTa. Kaacnbift pa3, 
Korna KJiacc aTpn6yTa onpenejiHeT napaMeTp, none hjih cbohctbo Tuna Type, cnenyeT 
ncnojib30BaTb onepaTop typeof H3biKa C#, KaK noKa3aHO b cjic/iyiome.vi (Jipar.vicinc 
Kona. A >yiH napaMeTpoB, noaefi h cbohctb Tuna Object MoacHO nepenaBaTb 31 laaici 111 ai 
THna Int32, String h /ipynie nocTOMiiiibi<‘ BbipaaceHim (b tom hi-icjic null). Ecjih no- 
CTOHHHoe BbipaaceHne ii|)iiiia;i,./ic>KHT k siia'iu.viOMy Tuny, 3 tot run ovhct ynaKOBaH npn 
co3/i,aHHH oicscMii.iMpa aTpn6yTa. 

IlpHMep npuMeHeHim aTpn6yTa: 

using System; 

internal enum Color { Red } 

[AttributeUsage(AttributeTargets.All)] 
internal sealed class SomeAttribute : Attribute { 

public SomeAttribute(String name, Object o, Type[] types) { 

// 'name' ccbmaeTca Ha String 

// 'o' ccbmaeTca Ha oahh h 3 nera/ibHbix TunoB (ynaxoBKa npii Heo6xoflHMOCTn) 

// 'types' ccbi/iaeTca Ha oflHOMepHbiPi MacciiB Types 
// c Hy/ieBoil HkDKHeti rpaHimeii 

} 

} 

[Some("leff", Color.Red, new Type[] { typeof(Math), typeof(Console) })] 
internal sealed class SomeType { 

} 

06HapyaciiB HacTpaiiBaeMbiii aTpri6yT, komiih.imtop coa/iaer .oicicm ii.iap KJiacca 
otoi o aTpH6yTa, nepenaBan ero KOHCTpyKTopy Bee yKa3aHHbie napaMeTpbi. SaTC.vi oh 
npucBaiiBaeT .31 latici 1 it ti OTKpbiTbiM iio.tmm ii cbohctb aM, ucno.ibayM hjih ototo ycoBep- 
HieHCTBOBaHHbiH CHHTaKciic KOHCTpyKTopa. H11u iiiiM. i ii.3ii])()imn o6beKT HacTpaiiBaeMoro 
aTpn6yTa, KOMniiaHTop cepHajiii3yeT ero h coxpaHHeT b Ta6jnm,e .YiCTanamibix. 

BHMMAHME 

HacTpauBaeMbiM aTpubyT /lynine Bcero npeACTaB/iMTb ce6e KaK 3K3eMnnnp K/iacca, ce- 
pua/iu30BaHHbiu b QauTOBbiu noTOK, HaxoAMLpuucM b MeTaAaHHbix. B nepuoA Bbino/iHeHiaa 
SauTbi u3 MeTaAaHHbix Aecepua/iu3yiOTcn ahm KOHCTpyupoBaHua 3K3eMn/iHpa KJiacca. 
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Ha caMOM fle/ie KOMnu/iHTop reHepnpyeT MHcJ)opMau,MK), Heo6xoAUMyio A-aa C03AaHnn 
3K3eMnjiqpa K/iacca aTpnbyTOB, u pa3MeiAaei ee b MeiaAaHHbix. Ka;*AbiCi napaMeTp koh- 
CTpyKTopa 3anucbiBaeTCn c OAHoSaCiTHbiM nAeHTn<i>nKaTopoM, 3a KOTopbiM c/ieAyeTero 
3HaneHne. 3aBepiunB «cepua/iM3au,mo» napaMeTpoB, KOMnu/imnp reHepupyei 3FiaHeHun 
Ana KaxAoro yi<a3aHHoro nona n CBOMCTBa, 3anucbiBaa ero mma, 3a kotopum cneAyeT 
OAHo6aCiTHbm MAeHTncJ)MKaTop Tuna n 3HaHeHue. Una MaccnBOB CHaaana yi<a3biBaeTca 
KO/IMHeCTBO 3/ieMeHTOB. 


BbmB/iei-me HacTpausaeMbix aTpn6yTOB 

CaMO no ce6e onpeAeAemie aTpnSyroB Scciio.icaiio. Bm mo/icctc onpeAeAHTb . noooii 
KAacc aTpn6yTa n npHMeHHTb ero b npoii3BOJibHOM MecTe, ho sto npiiBCAeT TOJibKO k no- 
HBjieHHio b Bainefi c6opKe /loiio. iii ii ic. rr>[ir>ix MCTa/puiiibix, HiiKaK He bjiiihh Ha pa6oTy 
npHjioateHHH. 

KaK noKa3aHO b maBe 15, npiiMeHeHiie k nepemiCAHMOMy thhv System. Enum 
aTpuSyra Flags MemieT noBeAemie ero mctoaob ToString h Format. I IpinninoH sto- 
My hb.imctcm npoHCxoAHmaa bo Bpe.viH m.mo.memia npoBepKa, He qwa'a'aw ah arpnSyr 
Flags c nepem-icjiiiMbiM ranoM, c kotophm pa6oTaiOT AaHHbie MeTOAbi. Koa mo/KCt 
aHaAH3npoBaTbCH Ha iia.iiriue aTpnSyroB npn noMomu TexHOJiorim, Ha3biBaeMOH om- 
paMeHueM (reflection). IIoapo6ho OHa paccMaTpHBaeTcn b r./rane 23, 3Aecb ace a TOAbKO 
npoAeMOHCTpupyio ee npiiMeHeHiie. 

Ecah 6bi Bbi 6biAii pa3pa6oTHHKOM H3 Microsoft, KOTopoMy nopyieno peaAH30BaTb 
MeTOA Format Traia Enum, bm 6bi CACAaAH sto npriMepHO TaK: 

public override String ToStringQ { 

// npuMeHaeTCfl am k nepeMMCAMMOMy Tuny 3K3eMnaap Tuna FlagsAttribute? 
if (this.GetType().IsDefined(typeof(FlagsAttribute), false)) { 

// fla; Bbino/iHfleM koa, MHTepnpeTMpyiomMM 3HaaeHMe xax 
// nepeMMCAMMbiPi Tun c 6mtobmmm <j)/iaraMn 

} else { 

// Hey Bbino/iHaeM koa, uHTepnpeTupyiomMM 3HaaeHMe xax 
// 06blMHblM nepeMMCAMMblki Tun 


} 

} 

3tot koa o6pam,aeTCH k MeTOAy IsDefined mna Type, 3acTaBAHH CHCTeMy no- 
CMOTpeTb MeTaAaHHbie 3Toro nepemiCAHMoro Tima h onpeAeAHTb, ciss-iaaii ah c hiim 
3K3eMnAiip KAacca FlagsAttribute. Ecah mctoa IsDefined B03BpamaeT 3HaHeHiie 
true, 3HanHT, 3K3eMnAHp FlagsAttribute CBH3aH c nepemiCAHMbiM TiinoM, h mctoa 
F ormat 6yAeT cnnaTb, hto nepeAaHHoe aiianeime coAepacHT Ha6op 6 htobmx (ji.iaroii. 
B npoTHBHOM cjiyiae nepeAaHHoe .siia'iemie 6yAeT BOcnpiiHiiMaTbcn KaK o6bm m,iii 
nepeHHCAHMblH Tim. 
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To ecTb nocne mijxyc.TemiM co6cTBeHHbix KJiaccoB aTpH6yTOB iiy'/Kiio Taioice Harai- 
caTb koa, npoBepaiomiiH, cymecTByeT jih OKae.vni.TMp KjiaccaaTpn6y'ia (xth yica3aHHbix 
ajieMeHTOB ), h b 3aBHCHMOCTH ot pe3yjibTaTa mciimiothhh nopa/toic libmo.memiM npo- 
rpaMMbi. TojibKO b 3tom cjiyiae iiacTpaiiiiac.vi bin axpufiiyT npimeceT nojib3y! 

ITpoBepi-iTb iiajiii'tiic aTpiioyra b FCL Moamo pa3HbiMH cnoco6aMii. /lya o6beKTOB 
Kjiacca System. Type Moamo ncnojib30BaTb mcto/i, IsDefined, KaK noKa3aHO paHee. Ho 
iiHor/ia Tpe6yeTca npoBepiiTb Hajinmie aTpii6yra He /yia Tima, a /yia c6opKii, MO/tyjiH hjih 
MeTO/i,a. OcTaHOBHMca Ha MCTO/i,ax Kjiacca System.Reflection.CustomAttribute- 
Extensions. Hmciiiio oh mictmctcm 6a30BbiM jyia CLS-coBMecTiiMbixaTpn6yTOB. B stom 
Kjiacce j{J\A iio.iy'ieimM aipiioyi’ois hmciotch TpH CTaTimecKiix mcto/ut: IsDefined, 
GetCustomAttnibutes h GetCustomAttnibute. Kaac/tbiH H3 hiix imeeT HecKOJibKO 
neperpyaceHHbix Bepcirii. K npimepy, o/tHa Bepcua icaac/iym H3 mctoaob pa6oTaeT c 'uie- 
HaMii THna (KJiaccaMH, CTpyKTypaMH, nepenHCJieHHHMH, HHTepcjieHcaMH, /teaeraTaMH, 
KOHCTpyKTOpaMH, MCTO/UIMH, CBOHCTBaMH, IIO.TMMH, Co6bITHHMH H B03BpaiU,aeMbIMH 
THnaMii), napaMeTpaMH h c6opKaMH. Taicace cymecTByiOT Bepcnii, no3BOJiHiomHe npo- 
CMaTpimaTb iiepapxmo HacjieAOBaHiiH h BKJnouaTb b pe3yjibTaT Hacae/tyeMbie aTpn6yTbi. 
KpaTKoe onucaHiie mctoaoh /piiio b Ta6a. 18.1. 


Ta 6 /Hii^a 18 . 1 . MeTOflbi K/iacca System.Reflection.CustomAttributeExtensions, 
onpefle/iaiom,ne HanuHwe b MeTaflaHHbix CLS-coBMecTmvibix 
HacTpaMBaeMbix aipn6yT0B 


MeTOfl 

OnucaHiie 

IsDefined 

Bo3BpamaeT 3HaueHiie true npri HajnroiH xoth 6m oaHoro 3K3eM- 
njrapa yKa3aHHoro Kjiacca, npori3BoaHoro ot Attribute, CBH3aHHoro 
c pejibio. PaboTaeT 6 mctpo, Tax KaK He co3aaeT (He aecepriajui3yeT) 
HiiKaKiix 3K3eMnjiupoB Kjiacca aTpubyTa 

Get Custom Attributes 

Bo3BpamaeT MaccriB, Kaambiii saeMeHT KOToporo HBjmeTCH sk- 
3eMnjiapoM yKa3aHHoro Kjiacca aTpribyra. KaacauiH 3K3eMnjisip 
co3aaeTcu (aecepiiajiH3yeTCH) c iicnojir>30BaHiieM yKa3aHHbix npn 
KOMnHjiHiiira napaMeTpoB, noaeri h cbohctb. Ecjiii pejib He HMeeT 
3K3eMnjiHpoB yKa3aHHoro Kjiacca aTpribyTa, Meroa B03BpamaeT 
nycTyro KOJUieKrtmo. 06 muho MeToa HcnojiB3yeTCH c aTpribyTaMii, 
napaMeTp AllowMultiple kotophx HMeeT 3HaueHiie true, hjih co 
cnricKOM Bcex npiiMeHeHHMx aTpribyTOB 

Get Custom Attribute 

Bo3BpamaeT 3K3eMnjisip yKa3aHHoro Kjiacca aTpribyTa. Kaacar>iii 
3K3eMnjiup co3aaeTCH (aecepriajui3yeTCH) c iicnojiB30BaHHeM 
yKa3aHHBix npri komhhjihiihh napaMeTpoB, nojieii h cbohctb. 

Ecjih ijejib He HMeeT 3K3eMnjiapoB yKa3aHHoro Kjiacca aTpri- 
6yTa, Meroa B03BpamaeT null. Itpii HajiimiiH 6oaee ueM oahoto 
3K3eMnjiHpa reHepiipyeTca HCKJiioueHHe System.Reflection. 
AmbiguousMatchException. 06 muho Meroa paboTaeT c aTpubyTa- 
mh, napaMeTp AllowMultiple kotophx HMeeT 3HaueHiie false 




BbmBJieHMe HacTpanBaeMbix aTpuOyroB 475 


Ecjih i ivi io ycTHHOBHTb TOJibKO caM ([lain 11)) 11 vici km 111 a aTpn6yTa, Hcnojib3yHTe 
mc-toa IsDefined KaK caMbiir 6biCTpbiii H3 nepemicjieHHbix. O/piaico npn npHMeHeHHH 
aipiiSyTa, KaK H3BecTH0, mojkho 3a/taBaTb napaMeTpbi ero KOHCTpyKTopy h npn neo6xo- 
Ahmocth oiipc/yv'iHTb CBOHCTBa h no./iM, a aToro MeTOA IsDefined /yjiaTb He yMeeT. 

/I,jih coa/iaima o6beKTOB aTpn6yT0B Hcnojib3yirre mcto/i GetCustomAttnibutes 
hjih GetCustomAttnibute. 11p h KaaytOM Bbi30Be sthx mctoaois coa/taiorca 3K3eMiuiapbi 
yKa3aHHbix KJiaccoB aTpn6yT0B, h Ha ochobc yKa3aHHbix b iicxoahom icoyc siia'ieimii 
aa/taiOTca nojia h CBoiicTBaKaac/toro oicie.vni./mpa. 3 th MeTO/pa B03BpamaiOT ccbijiKH Ha 
CKOHCTpyupoBaHHbie aicscvviii./iapbi KJiaccoB aipnoyTOii. 

3 th MeTOAbi npocMaTpHBaiOT /tamibie ynpaBjiaeMoro Mo/tyjia h cpaBHHBaiOT CTpo- 
kh b noHCKe yKa 3 aHHoro KJiacca iiac'ipaiiiiac.vioro aipnSyra. 3 th onepaitiiH rpc 6 yiOT 
BpeMeHii, noaTOMy ecjni Bac iio. invci 6 biGTpo,a;eHCTBHe, no/iyMaifre o Komripoisamin 
peay.Tbiai'oii pa 6 oTbi mctoaob. B stom cjiyaae BaM He npM/tCTca Bbi 3 biBaTb hx pa 3 3 a 
pa 30 M, 3 anpamiiBaa o/i,Hy h Ty ace iiHtjiopMaitHio. 

B npocTpaHCTBe n.vien System. Reflection iiaxo/tarca KJiaccbi, iioaiio.iMiomne aHa- 
jni3HpoBaTb co/iepacHMoe MeTa/taHHbix MOAyjia: Assembly, Module, Parameterlnfo, 
Memberlnfo,Type, Methodlnfo, Constructorlnfo,Fieldlnfo,Eventlnfo,Propertylnfo 
h cooTBeTCTByiomiie hm KJiaccbi *Builder. Bee 3 th KJiaccbi co/tepacaT MeTOAbi IsDefined 
hG etCustomAttnibutes. 

Bcpcu a mcto/pi GetCustomAttnibutes, onpeAejieHHaa b KJiaccax, cuaaaimbix c ot- 
paacemieM, B 03 Bpam,aeT Maccim 3 K 3 eMnjiapoB Object (Object [ ]) bmccto MacciiBa 
3 K 3 eMnjuipoB THna Attnibute (Attnibute[ ]). /(ejio b tom, hto KJiaccbi, CBH 3 aHHbie 
c OTpa>KCiniCM, MoryT iioanpamaTbo 6 beKTbi H 3 KJiaccoB aTpii 6 yTa, He cooTBCTCTisyioimix 
cnepH^HKapHH CLS. K ctac'iiao, Taicne aipuoyi'bi nc ipe'iaio rcn icpaiiiie pc/uco. 3a Bee 
BpeMH Moeii pa 6 oTbi c .NET Framework a He CTajiKHBajica c hiimii hii pa 3 y. 

nPMMEHAHME 

1/lMePiTe b BMfly, hto MeTOAbi OTpaxeHua, noAAepxnBaiOLAuenornHecKun napaivieTp inherit, 
peann3yiOT TO/ibKO KJiaccbi Attribute, Type n Methodlnfo. Bee npoine MeTOAbi OTpaxeHna 
3 tot napaivieTp nmopnpyiOT n nepapxnio HacaeAOBaHnn He npoBepniOT. flan npoBepxn 
Haannnn yHacaeAOBaHHoro aTpnbyra b cobbiTunx, CBOiiCTBax, noaax, KOHCTpyKTopax nan 
napaMeTpax ncnoab3yi/iTe oauh h3 mgtoaob xaacca Attribute. 

EcTb eme o/ui 11 acneKT, o kotopom cjicavct noMHHTb. Ilocjie nepc/ui'iri KJiacca Me- 
TO^aM IsDefined, GetCustomAttnibute hjih GetCustomAttnibutes ohii HaaimaiOT 
HCKaTb 3tot Kjiacc aTpn6yTa hjiii npoimBO/tHbie ot Hero, /jjia noncKa KOHKpeTHoro 
KJiacca aipnoyra rpe6ycTca /loiio. iiiiric. iiaiaa npoBepKa B03Bpam,eHHoro .aria'icnMH, 
KOTopaa rapaHTiipyeT, ti o B03BpameH hmchho tot Kjiacc, KOTopbiii BaM iiyacen. L lTo6bi 
H36eacaTb iic/yipaay.vteimii h /to1 1 o. i 1 1 h tcji i > 11bi x npoBepoK, mojkho onpe/tejiiiTb Kjiacc 
c MOAHcjiHKaTopoM sealed. 

Bot npiiMep paccMOTpeHiia mctoaois BHyTpn Tima h OTo6paaceHiia npiiMeHaeMbix 
k KaacAOMy hx mctoaoh aipriSyroii. 3 to ACMOiic'ipannoiiiibiii koa; ofaa'iiio hhkto He 
npibvieimcr yKa3aHHbie HacTpaiiBaeMbie a'lprioyrbi iioyooiibiM o6pa30M: 
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using System; 

using System.Diagnostics; 

using System.Reflection; 

[assembly: CLSCompliant(true)] 

[Serializable] 

[DefaultMemberAttribute("Main")] 

[DebuggerDisplayAttribute("Richter", Name = "left", 

Target = typeof(Program))] 
public sealed class Program { 

[Conditional("Debug")] 

[Conditional("Release")] 
public void DoSomething() { } 

public ProgramQ { 

} 

[CLSCompliant(true)] 

[STAThread] 

public static void Main() { 

// BbiBOfl Ha6opa aTpn6yTOB, npuMeHeHHbix k Tuny 
ShowAttributes(typeof(Program)); 

// nonyMeHne w 3aflaHne MeTOflOB, cBB3aHHbix c TunoM 
var members = 

from m in typeof(Program).GetTypeInfo().DeclaredMembers.OfType<MethodBase>() 
where m.IsPublic 
select m; 

foreach (Memberlnfo member in members) { 

// BbiBOfl Ha6opa aTpn6yT0B, npuMeHeHHbix k nneHy 
ShowAttributes(member); 

} 

} 

private static void ShowAttributes(Memberlnfo attributeTarget) { 
var attributes = attributeTarget.GetCustomAttributes<Attribute>(); 

Console.WriteLine("Attributes applied to {@}: {1}", 

attributeTarget.Name, (attributes.CountQ == 0 ? "None" : String.Empty)); 

foreach (Attribute attribute in attributes) { 

// BbiBOfl Tuna Bcex npuMeHeHHbix aTpn6yTOB 

Console.WriteLine(" {0}", attribute.GetTypeQ .ToStringQ); 

if (attribute is DefaultMemberAttribute) 

Console.WriteLine(" MemberName={0}", 

((DefaultMemberAttribute) attribute).MemberName); 


if (attribute is ConditionalAttribute) 
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Console.WriteLine(" ConditionString={0 }", 

((ConditionalAttribute) attribute).Conditionstring); 

if (attribute is CLSCompliantAttribute) 

Console.WriteLine(" IsCompliant={0}", 

((CLSCompliantAttribute) attribute).IsCompliant); 

DebuggerDisplayAttribute dda = attribute as DebuggerDisplayAttribute; 
if (dda != null) { 

Console.WriteLine(" Value={0}., Name={l}, Target={2}", 
dda.Value, dda.Name, dda.Target); 

} 

} 

Console. WriteLineQ; 

} 

} 


CKOMnOHOBaB H 3anyCTHB 3TO lipiLTO'/KClIHC, MbI IICLTyillM CJIC/LV 101 [ in it pe3yjibTaT; 

Attributes applied to Program: 

System.SerializableAttribute 
System.Diagnostics.DebuggerDisplayAttribute 
Value=Richter, Name=:ieff, Target=Program 
System.Reflection.DefaultMemberAttribute 
MemberName=Main 

Attributes applied to DoSomething: 

System.Diagnostics.ConditionalAttribute 
ConditionString=Release 
System.Diagnostics.ConditionalAttribute 
ConditionString=Debug 

Attributes applied to Main: 

System.CLSCompliantAttribute 
IsCompliant=True 
System.STAThreadAttribute 

Attributes applied to .ctor: None 


CpaBHeHue 3 K 3 eivinjiqpoB aTpn6yTa 

Tenepb, Kor/ta bm yMeeTe naxo/pri b ::)K3Cmii.tm|')p>i aTpH 6 yT 0 B b ico/ie, HMeeT cmmcji pac- 
CMOTpeTb npoiienypy npoBepicii 3 HaHeHiiii, xpairamiixcH b iix nojiax. MoacHO, k npimepy, 
HaraicaTb kor , hbhhm o6pa30M npoBepaioiiuiH 3HaHeHiie Kaacnoro nojia KJiacca aTpn 6 yTa. 
OflHaKO KJiacc System. Attribute nepeonpenejiaeT mcto/l Equals KJiacca Object, 3a- 
CTaBjiHH ero cpaBHHBaTb thiip>i o 6 beKTOB. Ecjih ohii He comia/i,aiO'i', mcto/p, B03BpamaeT 
3i pa'ieip pic false. B cjiynae ace comiaaciiiiM mctoh Equals ptcipo.pPj.jvct O'lpaaceiiiiM rjlr 
cpaBHemiH noaeii /usyx aTpH 6 yTOB (Bbi 3 biBaH mcto/p, Equals /yra Kaacnoro iio.tm). Ecjih 
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Bee 11 o. i m coisi[a;i,aiOT, B03BpamaeTCH aiia'ienne true. Moacho nepeonpe^ejiHTb mctoa 
E quals b BarneM co6cTBeHHOM Kjiacce aTpii6yT0B, y6paB H3 Hero OTpaaceHira h noBbiciiB 
TeM CaMbIM npOH3BO/I,HTejIbHOCTb. 

Kjiacc System .Attribute coAepKHT TaKace BHpTyajibHbiii MeroA Match, KOTopbiii 
Bbi MoaceTe nepeonpeACAHTb aah noAyHeHira 6oaee 6oraTofi ceMaHTHKH. IIo yMoiriaHiiio 
AaHHbiHMeTOAnpocTO Bbi3biBaeT MeTOA Equals iiB03BpamaeT iio.iy'ieiiiii.iii peawiiaa'i'. 
CAeAyiomiiii koa AeMOHCTpupyeT nepeonpeACAemie mctoaob Equals ii Match (3HaHeHiie 
true B03BpamaeTCH, ecan oahh aTpn6yT npeACTaBAaeT co6ofi noAMHoacecTBO Apyroro) 
h npiiMeHeHiie BToporo 113 hhx: 

using System; 

[Flags] 

internal enum Accounts { 

Savings = 0x0001, 

Checking = 0x0002, 

Brokerage = 0x0004 

} 

[AttributeUsage(AttributeTargets. Class)] 
internal sealed class AccountsAttribute : Attribute { 
private Accounts m_accounts; 

public AccountsAttribute(Accounts accounts) { 
m_accounts = accounts; 

} 

public override Boolean Match(Object obj) { 

// Ec/im b 6a30B0M xaacce peaaM30BaH MeTOA Match m sto He 
// xaacc Attribute, pacxoMMeHTMpyiiTe caeayiomyio CTpoxy 
// if (!base.Match(obj)) return false; 

// Tax xax ’this' He paBeH null, ec/in obj paBeH null, 

// o6bexTbi He coBnaaaiOT 

// nPMMEHAHME. 3Ty CTpoxy moxho yaa/iMTb, ecaM Bbi CHMTaeTe, 

// hto 6a30Bbiii Tun xoppexTHO peaan3yeT MeTOA Match 
if (obj == null) return false; 

// 06beXTbl pa3HblX TMnOB He MOryT 6blTb paBHbE 
// nPUMEHAHME. 3Ty CTpoxy moxho yaaakiTb, ecaM Bbi CHMTaeTe, 

// hto 6a30Bbiii TMn xoppexTHO peaaM3yeT MeTOA Match 
if (this.GetType() ! = obj.GetType()) return false; 

// npMBeaeHMe obj x HauieMy TMny aafl aocTyna x noaaM 
// nPMMEHAHME . 3to npMBeaeHMe Bceraa pa6oTaeT, 

// Tax xax o6bex™ npMHaaae>KaT x oaHOMy TMny 
AccountsAttribute other = (AccountsAttribute) obj; 

// CpaBHeHMe noaeii 

// npoBepxa, HBaaeTca an accounts 'this' noaMHOwecTBOM 
// accounts o6bexTa others 

if ((other.m_accounts & m_accounts) != m_accounts) 
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return false; 

return true; // 06beKTbi coBnaflaiOT 

} 

public override Boolean Equals(Object obj) { 

// Ec/im b 6a30B0M Knacce peanM30BaH MeTOfl Equals m sto 
// He K/iacc Object, pacKOMMeHTMpyiiTe cneflyiomyK) CTpoKy 
// if (!base.Equals(obj)) return false; 

// TaK KaK 'this' He paBeH null, npn obj paBHOM null 
// o6beKTbi He coBnaflaiOT 

// riPMMEHAHME . 3Ty CTpoKy moxho yfla/iMTb, ecnn bn CHHTaeTe, 

// hto 6a30Bbivi Tun KoppeKTHo peanM3yeT MeTOfl Equals 
if (obj == null) return false; 

// 06beKTbi pa3Hbix TMnoB He MoryT coBnacTb 

// riPUMEHAHME. 3Ty CTpoxy moxho yfla/iMTb, ecnn Bbi CHHTaeTe, 

// hto 6a30Bbiii THn KoppeKTHo pea/iM3yeT MeTOfl Equals 
if (this.GetType() != obj .GetTypeQ) return false; 

// npMBefleHMe obj k HaweMy TMny fl/ifl nonyHeHMH flOCTyna k no/iHM 
// nPMMEHAHME . 3to npMBefleHMe pa6oTaeT Bcerfla, 

// Tax Kax o6beKTbi npMHaflflexaT k oflHOMy TMny 
AccountsAttribute other = (AccountsAttribute) obj; 

// CpaBHeHMe 3HaneHMM no/ieii 'this' m other 
if (other.m_accounts != m_accounts) 
return false; 

return true; // 06beKTbi coBnaflaiOT 

} 

// nepeonpefle/iaeM GetHashCode, TaK KaK Equals yxe nepeonpefleneH 
public override Int32 GetHashCode() { 
return (Int32) m_accounts; 

} 

} 

[Accounts(Accounts.Savings)] 
internal sealed class ChildAccount { } 

[Accounts(Accounts.Savings | Accounts.Checking | Accounts.Brokerage)] 
internal sealed class AdultAccount { } 

public sealed class Program { 
public static void Main() { 

CanWriteCheck(new ChildAccount()); 

CanWriteCheck(new AdultAccount()); 

// npOCTO flflH fleMOHCTpaqMM KOppeKTHOCTM pa 60 Tbl MeTOfla flflH 
// TMna, k KOTopoMy He 6bm npMMeHeH aTpn6yT AccountsAttribute 


npodojiwemie & 
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CanWriteCheck(new Program()); 

} 

private static void CanWriteCheck(Object obj) { 

// Co3flaHne m MHHMkia/ui3aL4Ma 3K3eMn^apa Tuna aTpn6yTa 
Attribute checking = new AccountsAttribute(Accounts.Checking); 

// Co3flaHue 3K3eMn/iapa aTpn6yTa, npmvpeHeHHoro k Tuny 
Attribute validAccounts = 

obj.GetType().GetCustomAttribute<AccountsAttribute>(false); 

// Ec/iu aTpu6yT npuMeHeH k Tuny it yKa3biBaeT Ha cneT "Checking", 

// 3H3HHTj Tun MOXeT BbinMCbIBaTb HeKIT 

if ((validAccounts != null) && checking.Match(validAccounts)) { 
Console.WriteLine("{0} types can write checks.", obj .GetTypeQ); 

} else { 

Console.WriteLine("{0} types can NOT write checks.", obj.GetType()); 

> 

} 


nocTpoemie h 3 anycK stoto npiuioaceram iipnno/pix k c.TCAyioiipc.viy pe 3 yAbraTy: 

ChildAccount types can NOT write checks. 

AdultAccount types can write checks. 

Program types can NOT write checks. 


BbiqejieHiie HacTpanBaeMbix 
aTpn6yTOB 6e3 co3A3hmb obteKTOB, 
npoM3BOAHbix ot Attribute 

B 3tom pa3nejie mm noroBopiiM 06 aAbrepHaTiiBHOM cnoco 6 e BbiHBjieHim iiacTpaw- 
BaeMbix axpuoyiois, npiiMeHeHHbix k MCxa/uuiiiPjiM. B CHTyaiiiiax, Tpe 6 yiomHx noBbi- 
meHHofi 6e3onacHOCTH, 9 tot cnoco6 rapaHTiipoBamio npenoTBpamaeT m,mo. ; meime 
Kona Kjiacca, npoii3BOAHoro ot Attribute. Boo 6 in,e roBopa, npii BM30Be mctoaob 
G etCustomAttribute(s) xunaAttribute Bbi3biBaeTcaKOHCTpyKTopKjiaccaaxpuoyxa 
h MeTOAbi, aa/pnomue .iiianemiM cbohctb. A nepBoe o 6 pameHiie k Traiy .aacTaisAacT CLR 
BbI3BaTb KOHCTpyKTOp 3TOTO Tima (eCJIH OH, KOHeHHO, CyipeCTByeT). KOHCTpyKTop, MCTOA 
AOCTyna set h mctoam KOHCTpyKTopa Tima MoryT coAepacaTb koa, b b i ii o a t t >t tot ti, it ire a 
ri ])it KaacAOM noncKe aTpn 6 yTa. Bosmo'/KTioctb m.iiio. inemiM b aomchc npiiAoaceHiia He- 
H3BecTHoro KOAa C03AaeT iiOTCiimia.n.iiYTo yrpo3y 6e3onacHOCTH. 

/[.t a o6iiapy>KCima aTpn6yTOB 6e3 Bbiiio.ineima koaa KAaccaaTpn6yTa iipiiMeiiaeTCH 
KAacc System.Reflection.CustomAttributeData. B HeM onpeAeACH eAHHCTBeHHbiii 
CTaTimecKiiH mctoa GetCustomAttributes, nosBOAaiomiiii iioavhhtb Hiic|:iopManHTO 
o npiiMeHeHHbix axpuSyiax. 3 tot mctoa iiMeeT 'pcxiape neperpyaceHHbie Bepcioi: OAHa 
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npiiHHMaeT napaMeTp THna Assembly, Apyraa — Module, TpeTba — Panametenlnfo, no- 
cjieAHHH — Memberlnfo. KjiacconpenejieH b npocTpaHCTBe hmch System.Reflection, 
o kotopom 6y/i,eT paccica3aHO b rjiaBe 23. 06hhho Kjiacc CustomAttnibuteData iic- 
nojib3yeTCH ana ana.Tii;sa .YKna/iamibix c6opKii, a.ai py/icae.vioii c raa ii'iecioiM mctoaom 
ReflectionOnlyLoad KJiacca Assembly (oh TaioiccpaccYtaTpiibacTca b rjiaBe 23). IIoKa 
ace AOCTaTOHHO CKa3aTb, ti o 3tot mcto;i 3arpyacaeT c6opKy TaKHM o6pa30M, ti o CLR He 

MO/KCT BbinOJIHHTb 1(31(0ii-. : l 1100 [CO/1,, B TOM '1IIC/IC KOHCTpyKTOpbl THnOB. 

MeTOA GetCustomAttnibutes KJiacca CustomAttnibuteData pa6oTaeT KaK Me- 
TO/i,-cj3a6pHKa: oh B03BpamaeT Ha6op o6beKTOB CustomAttnibuteData b o6beKTe rana 
IList<CustomAttnibuteData>. KaacAOMy ajieMeHTy stoh kojtjtckuhh cooTBeTCTByeT 
oahh HacTpaiiBaeMbifi aTpii6yT. /(jih Kaac/i,oro o6beKTa KJiacca CustomAttnibuteData 
MoacHO 3anpocHTb iipc/uia.'iiia'ieimiiio ro. ibico /p/r/i 'neiiua CBOHCTBa, onpeaejiHB b pe- 
3y/ibTaTe, KaraiM cnoco6oM moz 6u 6umb CKOHCTpyiipoBaH h HHHH,Hajni3iipoBaH o6beKT. 
Hanpimep, cbohctbo Constnucton yKa3biBaeT, KaKoii iimchho KOHCTpyKTop moz 6u 6umb 
Bbi3BaH. Cbohctbo ConstnuctonAnguments B03BpamaeT apryMCHTbi, KOTopbie mozjiu 6bi 
Sbimb nepea,aHbi KOHCTpyKTopy b KanecTBe 3K3eMnjiapa IList<CustomAttnibuteTyped 
Angument>. Cbohctbo NamedAnguments B03BpamaeT nojia h CBoiicTBa, KOTopbie mozjiu 
6bi 6bimb 3aa,aHbi KaK 3K3eMnjuip IList<CustomAttnibuteNamedAngument>. YcjiOBHoe 
HaKjiOHeHiie bo Bcex sthx iipe/uioacemiax oovc/iois. icno tcm, hto hii KOHCTpyKTop, hii 
MeTOA AOCTyna set Ha caMOM acjic He isbi.iiaiiaio rca. JXna 6e3onacHOCTH 3anpemeH0 bh- 
nojiHeHiie jno6bix mctoaob KJiacca aapuSyia. 

Huace npiTBC/iena Ha.Yieneimaa Bepciia iipc/ua/pyiiiem Kona, b KOTopofi /i/ih 6e3onac- 
hoto nojiyiemia aTpii6yTOB iiciio.h>3vctch Kjiacc CustomAttnibuteData: 

using System; 

using System.Diagnostics; 

using System.Reflection; 

using System.Collections.Generic; 

[assembly: CLSCompliant(true)] 

[Serializable] 

[DefaultMemberAttribute("Main")] 

[DebuggerDisplayAttribute("Richter", Name="Jeff ", Target=typeof(Program))] 
public sealed class Program { 

[Conditional("Debug")] 

[Conditional("Release")] 
public void DoSomething() { } 

public ProgramQ { 

} 

[CLSCompliant(true)] 

[STAThread] 

public static void MainQ { 

// BbiBOfl aTpn6yT0Bj npuMeHeHHbix k aaHHOMy Tuny 
ShowAttributes(typeof(Program)); 
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482 QiaBa 18. HacTpauBaeMbie atpn6yTbi 


// no^yMeHne Ha6opa CBfi3aHHbix c TunoM mstoaob 
MemberInfo[] members = typeof(Program).FindMembers( 
MemberTypes.Constructor | MemberTypes.Method, 
BindingFlags.DeclaredOnly | BindingFlags.Instance | 
BindingFlags.Public | BindingFlags.Static, 

Type.FilterName, "*"); 

foreach (Memberlnfo member in members) { 

// BbiBOfl aTpn6yTOB, npuMeHeHHbix k flaHHOMy M/ieHy 
ShowAttributes(member); 

} 


private static void ShowAttributes(Memberlnfo attributeTarget) { 
IList<CustomAttributeData> attributes = 

CustomAttributeData.GetCustomAttributes(attributeTarget); 

Console.WriteLine("Attributes applied to {@}: {1}", 
attributeTarget.Name, ( 

attributes.Count == 0 ? "None" : String.Empty)); 

foreach (CustomAttributeData attribute in attributes) { 

// BbiBofl Tuna Ka*floro npuMeHeHHoro aTpn6yTa 
Type t = attribute.Constructor.DeclaringType; 

Console.WriteLine(" {0}", t.ToStringQ); 

Console.WriteLine(" Constructor called={@}", attribute.Constructor) 

IList<CustomAttributeTypedArgument> posArgs = 
attribute.ConstructorArguments; 

Console.WriteLine(" Positional arguments passed to constructor:" + 

((posArgs.Count == 0) ? " None" : String.Empty)); 
foreach (CustomAttributeTypedArgument pa in posArgs) { 

Console.WriteLine(" Type={@}, Value={l}", 
pa.ArgumentType, pa.Value); 

} 

IList<CustomAttributeNamedArgument> namedArgs = 
attribute.NamedArguments; 

Console.WriteLine(" Named arguments set after construction:" + 
((namedArgs.Count == 0) ? " None" : String.Empty)); 
foreach(CustomAttributeNamedArgument na in namedArgs) { 

Console.WriteLine(" Name={@}, Type={l}, Value={2}", 
na.Memberlnfo.Name, na.TypedValue.ArgumentType, 
na.TypedValue.Value); 

} 

Console.WriteLine(); 

} 

Console. WriteLineQ; 

} 

} 
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KoMnoHOBKa h 3anycK 3Toro npujioaceHim npuBeayT k c. : ic/i,vioiucMy pe3y. : ii;raTy: 

Attributes applied to Program: 

System.SerializableAttribute 
Constructor called=Void .ctor() 

Positional arguments passed to constructor: None 
Named arguments set after construction: None 

System.Diagnostics.DebuggerDisplayAttribute 
Constructor called=Void .ctor(System.String) 

Positional arguments passed to constructor: 

Type=System.String, Value=Richter 
Named arguments set after construction: 

Name=Name, Type=System.String, Value=Deff 

Name=Target, Type=System.Type, Value=Program 

System.Reflection.DefaultMemberAttribute 

Constructor called=Void .ctor(System.String) 

Positional arguments passed to constructor: 

Type=System.String, Value=Main 
Named arguments set after construction: None 

Attributes applied to DoSomething: 

System.Diagnostics.ConditionalAttribute 

Constructor called=Void .ctor(System.String) 

Positional arguments passed to constructor: 

Type=System.String, Value=Release 
Named arguments set after construction: None 

System.Diagnostics.ConditionalAttribute 

Constructor called=Void .ctor(System.String) 

Positional arguments passed to constructor: 

Type=System.String, Value=Debug 
Named arguments set after construction: None 

Attributes applied to Main: 

System.CLSCompliantAttribute 

Constructor called=Void .ctor(Boolean) 

Positional arguments passed to constructor: 

Type=System.Boolean, Value=True 
Named arguments set after construction: None 

System.STAThreadAttribute 

Constructor called=Void .ctorQ 

Positional arguments passed to constructor: None 

Named arguments set after construction: None 


Attributes applied to .ctor: None 
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Yc/iOBHbie aTpn6yTbi 

IIporpaMMHCTbi Bee 'lame Hcnojib3yiOT aTpH 6 yTbi 6./iaro;i,apM npocTOTe hx coa/iynua, 
npHMeHeHiia h OTpaaceHira. ATpudyTbi no3BOJiHiOT TaKAce CHa 6 /i,HTb koa aHHOTaiiHHMH, 
OAHOBpeMeHHO peajni3yH Apyrne 6 oraTbie bo3moachocth. B iioc./icaiicc BpeMH aTpudyra 
uacTO ncnojib3yiOTca npn HaimcaHHH h OTjiaAKe KOAa. Hanpimep, aHajni3aTop KOAa a-th 
M icrosoft Visual Studio (FxCopCmd.exe) npeAJiaraeT aTpudyT System. Diagnostics. 
CodeAnalysis. SuppressMessageAttribute, npriMeHUMbiii k TunaM h ujieHaM h noAa- 
BJiaiomiiii coo 6 meHiia o HapymeHiiu npaBruia onpe/iejieHHoro iiHCTpyMeHTa CTaniuecKoro 
a 11 a.Tu. 3 a. 3 tot aTpudyT hiuctcfi to. ii>ko koaom aHajiH3aTopa, npn HopiviajibHOM xoac 
miino. iiiemui nporpaMMbi oh iiniopiipycTca. Ecjih bbi He aiiaunaiipycTC koa, na.iii'me 
b MeTaAaHHbix aTpudyTa SuppressMessage npocTO yBejmuHBaeT odbeM MeTaAaHHbix, 
hto He jiyuuiHM o6pa30M CK'a.'ibiiiacTCM Ha ri]) 0 na>lui/Liiaeaitiilocr n. CooTBeTCTBeHHO, xo- 
Tenocb 6 bi, 'noobi KOMnnjiHTop 3a,aciicTBOiia.-i stot aipn 6 yT TOJibKO b cjiyiaax, icor/pi 
Bbi coonpaciccP) Bocnojib30BaTbCH HHCTpyMeHTOM ai ia. : i 113 a Ko/i,a. 

Kjiacc aTpiidyTa, k KOTopoMy npiiMeHeH aTpridyT System.Diagnostics. 
ConditionalAttribute, Ha3biBaeTCH KJiaccoM ycjioenozo ampu6yma (conditional 
attribute). IIpriMep: 

//#define TEST 
#define VERIFY 

using System; 

using System.Diagnostics; 

[Conditional("TEST")][Conditional("VERIFY")] 
public sealed class CondAttribute : Attribute { 

} 

[Cond] 

public sealed class Program { 
public static void MainQ { 

Console.WriteLine("CondAttribute is {0}applied to Program type.". 

Attribute.IsDefined(typeof(Program), 
typeof(CondAttribute)) ? "" : "not "); 

} 

} 

OdHapyaciiB, uto 6 bui npiiMeHeH 3K3eMnjiHp CondAttribute, KOMmuiHTop noMemaeT 
b MeTaAaHHbie imiJiopMaiiiiio 06 aTpudyTe, TOJibKO ecira npii komhhjihuhh KOAa 6 bui 
onpeac-TCMi HAeHTiicjMiKaTop TEST hjih VERIFY. IlpH 3 tom .viCTa/uim i i>ie Oiipeaejieima 
h pea./i ii3a uii u Kiiacca axpudyTa Bee paBHO octal lyica b cdopice. 
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KaK H3BecTH0, iiepc.viemiaH .'iiiaaiiMoro Tima He motcct npiiHimaTb ;s mine uric null; ee 
coAepaaiMbiM Hccr/ta HBjiaeTcsi .uia'iemie cooTBeTCTByiomero nuia. Mmciiiiu iio.9TO.viy 
THnbI H Ha3bIBaiOT 3 HCLHUMbLMU . Ho B HeKOTOpbIX CHTyailHHX TaKOH nOflXOfl C03/taCT npo- 
6jieMbi. HanpuMep, npii npoeKTHpoBaraiH 6a3bi aamibix Tun aamibix CTOJi6u,a mo>kiio 
oiipc/icmnb KaK 32-pa3pM;i,ii()e ueaoe, tio b FCL cooTBeTCTByeT Tuny Int32. O/uiaico 
b CTOJi6H,e 6a3bi motcct OTcyTCTBOBaTb aiiaaeiiiic, tio cooTBeTCTByeT ana'ieimio null, 
h 3to — BnoaHe CTan/i,apTiiaM cin'yaiuur. A oto cos/iact npobneMbi npn pa6oTe c 6a::so i\ 
aaHHbixcpc/tcmaMu .NET Framework, isc/mo6mefl3biKOBan cpe/i,a (CLR) He iio.'siio.tmct 
npe;i,CTamiTb sna'ieime Tima Int32 KaK null. 

nPMMEHAHME 

Aflamepbi Ta6nnu MicrosoftADO.NET noAAepxi/iBaiOTTnnbi, AonycKaioiAne npucBoem/ie 
null. Ho, k co>Kan6Hmo, Tunbi b npocipaHCTBe nivieH System.Data.SqlTypes He 3aMemaiOT- 
ca null-coBMecTMMbiMM TnnaMH omac™ n3-3a OTcyTCTBna OAH03HanHoro cooTBeTCTBim 
Mexfly hwmm. K npniviepy, Tun SqlDecimal AonycKaeT MaKcniviyM 38 pa3PHA0B, b to Bpeivin 
KaK oSbiHHbiM Tun Decimal — TO/ibKO 29. A Tun SqIString noAAepxnBaeT co6cTBeHHbie 
pernoHa/ibHbie CTaHAapTbi 1/1 nopnAOK cpaBHeHua, Hero He CKaxeuib o Tune String. 


Bot eme oaiih npiiMep: b Java Kjiacc j ava. util. Date othociitch k ccbuiouHbiM Tmia.vi, 
a3HaHHT, ero iiepc.vieimbic ponyc ktiiot npucBoeHiie aiia'ienmi null. B to ace npe\ui b CLR 
ran System.DateTime mi.uieTCM 3HauHMbiM h iio/ipmiora npucBoeHira He nonycKaeT. 
Ecjih HamicaHHOMy Ha Java iipitTO/KCimio noTpebyeTca nepenaTb miijiop.Yiaiuiio o /pnc 
h BpeMeHi-i Be6-cjiyac6e Ha njiaT(f)opMe CLR, B03MoacHbi npobiieMbi. Bent ecjin Java- 
ii|:)ii.TO/KCiine OTnpaBHT siiancHHC null, CLR npocTO He 6y/i,CT 3HaTb, tio c hum nejiaTb. 

L l'ro6bi ncnpaBHTb c myaii mo, b Microsoft pa3pa6oTajm /yui CLR null-coeMecmuMue 
3HcmuMue munu (nullable value type). HTo6bi noHHTb, KaK ohii pa6oTaiOT, no3HaKOMHMCH 
coiipc.Te.TCHiiijiM b FCL KiiaccoM System.Nullable<T>. Bot jiorauecKoe iipe/tCTab./KTine 
pcajTuaauHH otolo KJiacca: 

[Serializable, Struct Layout(LayoutKind.Sequential)] 
public struct Nullable<T> where T : struct { 

// 3th ABa nons npeACTaBAniOT cocTOHHHe 

private Boolean hasValue = false; // npeAnonaraeTcn HaAinHHe null 
internal T value = default(T); // npeAnonaraeTca, hto Bee 6 mtn 

// paBHbl HyAK) 
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public Nullable(T value) { 
this.value = value; 
this.hasValue = true; 

} 

public Boolean HasValue { get { return hasValue; } } 

public T Value { 
get { 

if (IhasValue) { 

throw new InvalidOperationException( 

"Nullable object must have a value."); 

} 

return value; 

} 


public T GetValueOrDefault() { return value; } 

public T GetValueOrDefault(T defaultValue) { 
if (IHasValue) return defaultValue; 
return value; 

} 

public override Boolean Equals(Object other) { 
if (IHasValue) return (other == null); 
if (other == null) return false; 
return value.Equals(other); 

} 

public override int GetHashCode() { 
if (IHasValue) return 0; 
return value.GetHashCode(); 

} 

public override string ToStringQ { 
if (IHasValue) return 
return value.ToStringQ; 

} 

public static implicit operator Nullable<T>(T value) { 
return new Nullable<T>(value); 

} 

public static explicit operator T(Nullable<T> value) { 
return value.Value; 

} 

} 


KaK bm/hittc, 3tot Knacc peajiii3yeT 3HamTMbiM Tim, KOTopbiii MoaceT npiimiMaTb 3HaHe- 
Hiie null. TaK KaK Nullable<T > TaKace othochtch k 3HamiMbiM TimaM, ero 3K3eMiuiHpbi 
AOCTaTOHHO npOII3BOHHTejIbHbI, IIOCKOJIbKy .')K3CMII. ; IM|)bl MOryT pa.3.VlCmaTP,CM B CTeKe, 
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a hx pa3Mep coBnanaeT c pa3MepoM hcxouhoto Tima, k KOTopoMy npunjiiocoBaH pa3Mep 
iio. im rana Boolean. HMeiiTe b isn;i,y, 'no b ica'peone napaMeTpa T Tima Nullable MoryT 
Hcnojib30BaTbca TOJibKO CTpyKTypbi — bc/i,P) nepeMeHHbie ccbuiOHHoro Tuna h TaK MoryT 
npiiHi-iMaTb .iiia'ienne null. 

HTaK, 'iTo6p>i ncnojib30BaTb b ico/1,0 null-coBMecTHMbifi THn Int32, Bbi nuineTe koh- 
cipyii'niiio c. : ie/i,yioinci'o rm/ia: 

Nullable<Int32> x = 5; 

Nullable<Int32> y = null; 

Console.Writel_ine("x: HasValue={0}., Value={l}", x.HasValue, x.Value); 

Console.WriteLine("y: HasValue={0}., Value={l}"j 
y.HasValue, y.GetValueOrDefault()); 

I Iocjie KOMnnjiHiiHH h 3anycKa .tioio Kona 6ya,eT iiojiyieip ciienyiomHH peaymaaT: 

x: HasValue=True J Value=5 
y: HasValue=False, Value=0 


nOflflep>KKa b C# null-coBMecTUMbix 
3HaHHMblX THnOB 

B npiiBeneHHOM cjiparMeHTe Kona /yia HHHu;HajiH3au;HH /usyx nepeMeHHbix x h y Tima 
Nullable<Int32> ncnojib3yeTCH /i,oc'iaTO'iiio npocToii CHHTaKCHC. /l,c. : io b tom, hto pa3- 
paooT'iii kip C# c'iapa. : iiici, HHTerpiipoBaTb b h3mk null-coBMecTHMbie a.iia'Pii.vibie THnbi, 
cnejiaB hx nojiHonpaBHbiMii HjieHaMii cooTBeTCTByiouiero ceMeficTBa tihiob. B HacToamee 
BpeMH C# npe/yiaraeT nocTaTOHHO yno6Hbiii CHHTaKCHC /yia pa6oTbi c TaKHMH TunaMH. 
IlepeMeHHbie x h y moscho oo'i.aisin b h HHHu;HajiH3HpoBaTb 11 patio b ko/i,c, hocpio. pp>;jo- 
BaBuiHCb 3HaKOM Bonpoca: 

Int32? x = 5; 

Int32? y = null; 

B C# 3anncb Int32? aiia.ioniaipa aaimcii Nullable<Int32>. 11 pit 3 tom bm mo/icctc 
B binojiHHTb npeo6pa30BaHiia, a Taicsce p11)pihc/ici inc null-coBMecTHMbix 0IC3 C.Mpi.;i ap])o ii k 
npyoiM THnaM. H3 mk C# no/wepacHBaeT B03M0acH0CTb npHMeHeHHa onepaTopoB k ok- 
3eMip.Tapa.vi null-coBMecTHMbix 3i pan pint PjIx thhob. Bot HecKOJibKO npimepoB. 

private static void ConversionsAndCastingO { 

// HeaBHoe npeo6pa30BaHne M3 Tuna Int32 b Nullable<Int32> 

Int32? a = 5; 

// HeaBHoe npeo6pa30BaHne m 3 ’null’ b Nullable<Int32> 

Int32? b = null; 

// flBHoe npeo6pa30BaHne Nullable<Int32> B Int32 
Int32 c = (Int32) a; 


// flpaMoe a o6paTHoe npuBeaeHne npuMUTMBHOro Tuna 
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// B null-COBMeCTMMblM TMn 

Double? d = 5; // Int32->Double? (d coaepwHT 5.0 b BMfle double) 

Double? e = b; // Int32?->Double? (e coaepxuT null) 

} 

Eme C# no3BOJiH6T npiiMeHHTb onepaTopw k 3K3eMnjiapaM null-coBMecTiiMbix TimoB. 

Bot HecKOJibKO npi-iMepoB: 

private static void Operators() { 

Int32? a = 5; 

Int32? b = null; 

// YHapHbie onepaTopbi (+ ++---! ~) 
a++; // a = 6 
b = -b; // b = null 

// EinHapHbie onepaTopbi (+-*/% & | A << >>) 
a=a+3; //a=9 
b = b * 3; // b = null; 

// OnepaTopbi paBeHCTBa (== ! = ) 
if (a == null) { /* HeT */ } else { /* aa */ } 

if (b == null) { /* aa */ } else { /* HeT */ } 

if (a != b) { /* aa */ } else { /* HeT */ } 

// OnepaTopbi cpaBHeHMH (<> <= >=) 

if (a < b) { /* HeT */ } else { /* aa */ } 

} 

Bot KaK out onepaTopbi HHTepnpeTHpyeT C#: 

□ YHapHbie onepaTopbi (+++, ~). Ecjih onepaii/i, paBeH null, peay/ii/raT to>kc 

paBeH null. 

□ BnHapHbie onepaTopbi (+, *, /, %, &, |, A , <<, >>). Pe3yjibraTpaBeHaiia'ieimio null, 

ecjrn 3TOMy 3HaneHmo paBeH xoth 6w ohiih onepaH/i. HcKJiiOHeHHeM hbjih6tch cjiynaii 
B03/i,eHCTBiiH onepaTopoB &h | Ha.ToniHCCKHH onepan/i, ?. B pe3yjibTaTe iioi;c/i,chh(‘ 
3thx yisyx onepaTopoB coiina/iacr c TepHapHofi jiothkoh SQL. Ecjih hii o/uni H3 
onepaHnoB He paBeH null, onepapHn npoxonHT b o6whhom peacHMe, ecjni ace o6a 
oiicpan;i,a paBHbi null, b pe3yjibraTe iiojiytacM null. Oco6aa cmyaijHa B03HincaeT 
b cjiynae, Korna aiia'iemi io null paBeH to. ihko o/uiii ii3 oiicpan/i,oi!. B c.TC/i,yioinci ; i 
Ta6jmue noKa3aHbi B03MoacHbie pe3yjibTaTbi, KOTopbie 3 th onepaTopw naiOT /yia Bcex 
B03MoacHbix KOM6iiHaH,iiH .anancnww true, false ii null. 

□ OnepaTopw paneHCTna (==, !=). Ecjih o6a oiicpaiiaa imeiOT aiiauemie null, ohii 
paBHbi. Ecjih TOJibKO o/uni 113 hhx iimcct sto aiia'ieimc, miepaii/i,bi He paBHbi. Ecjih 
hh O/UIII H3 hhx He paBeH null, onepaiiAbi cpamiinsaiOTOi Ha iipey.viCT paBeHCTBa. 

□ OnepaTopw cpaBHeHHH (<, >, <=, >=). Ecjih aua'teiine null HMeeT o/um 113 onepaH- 
AOB, b pe3yjibTaTe iiojiy'iae.vi aiia'ieime false. Ecjih hh 0 / 1,11 ii 113 01 icpai 1 / 1,011 He HMeeT 
.iiia'icmiM null, cjic/i,ycT cpaBHHTb hx aiia’icnmi. 
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OnepaHA 1 -* 
OnepaHA 2 l 

true 

false 

null 

True 

& = true 

& = false 

& = null 


| = true 

| = true 

| = true 

False 

& = false 

& = false 

& = false 


| = true 

= false 

| = null 

Null 

& = null 

& = false 

& = null 


| = true 

| = null 

| = null 


CjieAyeT ynecTb, hto hah onepau,iiH c 3K3eMnjuipaMii null-coBMecniMbix ti-iiiob 
reiiepupycTCH 6ojibmofi o6beM i<o;i,a. K npHMepy, paccMOTpHM mctoa: 

private static Int32? NullableCodeSize(Int32? a, Int32? b) { 
return a + b; 

} 

B peay. ibiarc komiiiuimhii n 6y/ieT coa/taii 6o.ti>ii r oii o6beM IL-ico/ta, isc./ie/icnsue 
neroonepapHHc null-coBMecTHMbiMii THnaMii bi.iiio. iiimiotcm Mc/iyieimccaHajioniHHbix 
onepaiiiifi c apyriiMii THnaMii. Bot OKmnsa. iein' 3toto Kona Ha C#: 

private static Nullable<Int32> NullableCodeSize(Nullable<Int32> a, 

Nullable<Int32> b) { 

Nullable<Int32> nullablel = a; 

Nullable<Int32> nullable2 = b; 

if (!(nullablel.HasValue & nullable2.HasValue)) { 
return new Nullable<Int32>(); 

} 

return new Nullable<Int32>( 

nullablel.GetValueOrDefault() + nullable2.GetValue0rDefault()); 

} 

HanociieAOK HanoMHio o bo3moschoctii oiipe/iyjieims-i Bainiix co6cTBeHHbix 3HaHiiMbix 
TimoB, neperpyacaiomiix ynoMHHyTbie onepaTopbi. O tom, KaK iimchho 3to nejiaeTCH, mm 
roBopiuiii b ruaBe 8. Ecjih BOcnojib30BaTbCH null-coBMecTHMbiM 3K3eMnjuipoM Barnero 
co6cTBeHHoro 3HanHMoro THna, komiiii.imtop noHMeT sto npaBiuibHO h Bbi30BeT nepe- 
rpyaceHHbift onepaTop. 11pic/i11 o.to>fvhm, n mcctcii auaHRMbTit Tim Point, cacavioiiihm 
o6pa30M onpenejunomiiH neperpy3Ky onepaTopoB == h ! =: 

using System; 

internal struct Point { 
private Int32 m_x, m_y; 

public Point(Int32 x, Int32 y) { m_x = x; m_y = y; } 
public static Boolean operator==(Point pi. Point p2) { 

npodojiMenue # 
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return (pl.m_x == p2.m_x) && (pl.m_y == p2.m_y); 

} 

public static Boolean operator!=(Point pi. Point p2) { 
return !(pi == p2); 

} 

} 

Bocnojib30BaBiiiHCb b 3tot momciit null-coBMecTHMbiMii.’ iiocmi i.iMpa.viii Tima Point, 
Bbi 3acTaBHTe komiihjihtop Bbi3BaTb iicpcrpy/Koinibic onepaTopbi: 

internal static class Program { 
public static void Main() { 

Point? pi = new Point(l, 1); 

Point? p2 = new Point(2, 2); 

Console.WriteLine("Are points equal? " + (pi == p2) .ToStringO); 

Console.WriteLine("Are points not equal? " + (pi != p2).ToStringO); 

} 


I loc./ie 3anycKa 3Toro ko/pi a iio.iv'in.'i c. : ic;i,yiomiiii pe3yjibTaT: 

Are points equal? False 
Are points not equal? True 


OnepaTop o6i>eAMHeHMq 
null-coBMecTUMbix 3HaneHMM 

B C# cymecTByeT onepamop o 6 beduHeHun null-coeMecmuMbix 3 HcmeHuu (null-coalescing 
operator). Oh oooaiia'taeTCH 3HaKaMii ? ? h pa6oTaeT c unyMH oiiepaii/piMii. Ecjih jieBbra 
oiiepaii;i, ne paBeH null, onepaiop B03BpamaeT ero .siia'icmie. B nponiBHOM cnynae bo 3- 
BpamaeTca 3HaneHiie npaBoro onepaH/ia. OnepaTop o6be/uiHeHiiH null-coBMecTHMbix 3Ha- 
uctthh y/ioocir npn .la/iaHnn iipe/uiarae.viom no yMOji'iaunio 3»iia'ieiiiiH nepeMeHHoii. 

OcHOBHbiM nperiMyinecTBOM 3Toro onepaiopa Mii. ; mcTca no/mepacica KaK ccbijiou- 
Hbix, TaK h null-coBMecTHMbix 3HanHMbix TiinoB. CaenyiomHii koh neMOHCTpupyeT ero 
pa6oTy: 

private static void NullCoalescingOperator() { 

Int32? b = null; 

// npuBeAeHHan Aa/iee MHCTpyKiqua BKBUBa/ieHTHa cneAytomeii: 

// x = (b.HasValue) ? b.Value : 123 
Int32 x = b ?? 123; 

Console.WriteLine(x); // "123" 

// npuBeAeHHas Aaaee b MHCTpyKunu cTpoxa SKBUBaAeHTHa cneAymmeMy KOAy: 

// String temp = GetFilename(); 
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// filename = (temp != null) ? temp : "Untitled"; 

String filename = GetFilename() ?? "Untitled"; 

} 

HeKOTopbie nojib30BaTejm CHHTaiOT onepaTop o6benHHeHHH null-coBMecniMbix 
anaucTTHH Bcero Jinnib cumaKCH'iccKiiM coKpameHiieM ,yiH onepaTopa ?. O/uiaico one- 
paTop ? ? npenocTaBjiaeT /psa BaacHbix ciimaKCU'iccioix iipcu.viymccTiia. Bo-nepBbix, oh 
jiynuie pa6oTaeT c BbipaaceHiraMii: 

Func<String> f = () => SomeMethodQ ?? "Untitled"; 

IlpoHHTaTb h noHHTb 3Ty CTpoKy HaMHoro npome, neM cnenyiomiiH cjiparMeHT Kona, 
Tpe6yiomiiH npHCBaHBaHHH nepeMeHHbix h iicnojib30BaHHH HecKOJibKiix onepaTopoB: 

Func<String> f = () => { var temp = SomeMethod(); 
return temp != null ? temp : "Untitled";}; 

Bo-BTopbix, onepaTop ?? jiytme pa6oTaeT b HeKOTopbix cuoacHbix cnTyau,iiMx: 

String s = SomeMethodl() ?? SomeMethod2() ?? "Untitled"; 

CorjiacHTecb, 3Ty CTpoKy nponHTaTb h iioiimtii ropa3no npome, mcm cjieayioiuiiH 
tjtparaeHT Kona: 

String s; 

var sml = SomeMethodl(); 
if (sml != null) s = sml; 
else { 

var sm2 = SomeMethod2(); 
if (sm2 != null) s = sm2; 
else s = "Untitled"; 

} 

nOflflep>KKa b CLR null-coBMecTMMbix 
3H3HMMblX TMIIOB 

B CLR cymecTByeT BCTpoemiaH nonnepaoca null-coBMecTiiMbix 3HaniiMbix TimoB. 
OHa npenycMaTpiiBaeT ynaKOBKy h pacnaKOBKy, a TaKace bm30b Merona GetType 
h HHTepcjieHCHbix mcto/[,ob. Bee sto iipuaiiaiio oocciicuitP) 6ojiee TecHyio HHTerpau,HK) 
null-coBMecTiiMbix 3 fra'iii m i,ix THnoB b CLR. B pe3yjibTaTe Timbi iseayr ce6a 6o.;iee 
ecTecTBeHHO h jiynme cooTBeTCTByiOT o>Kii;i,aiiii mm 6ojibmiiHCTBa paspaooTauK'oii. Pac- 
CMOTpiiM no/wepacicy sthx ranoB b CLR 6ojiee nonpo6HO. 

YnaKOBKa null-coBMecniMbix 3HannMbix t unos 

IlpencTaBiiM nepeMeHHyio Tuna Nullable<Int32>, KOTopoiiaoninecKii npiiCBaiiBaeTCH 
.iiianeiiHC null. /L : ih nepc/yiu 3 to ii nepeMeHHofi MCTO/iy, oacH/uiiome.viy ccmjikh Ha 
THn Object, ee caenyeT ynaKOBatb h nepe/pm, MCio/py ccbuiKy Ha ynaKOBaHHbiH THn 
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Nullable<Int32>. OAHaKO npn atom b mctoa 6 yaeT nepe^aHO OTjiHHHoe ot null 3Hane- 
mie, HecMOTpa Ha to hto ran Nullable<Int32> coAepaciiT null. 3Ta npo 6 jieMa pemaeTca 
b CLR npn noMomii cneu,najibHoro Ko;i,a, KOTopbifi npn ynaKOBKe null-coBMecTHMbix 
TimoB coa/taci' hjijik>3hk> hx npiiHaAAeacHOCTH k 06 i>i 1 i i i i>i m THnaM. 

IIpH ynaKOBKe 3K3eMnjiapa Nullable<T> npoBepaeTca ero paBCHCTBO null ii b cjiynae 
nojioacHTejibHoro pe3yjiKraTa bmccto ynaKOBKii B03BpamaeTca null. B npoTHBHOM cjiynae 
CLR ynaKOBbmaeT ;si [anemic aK 3 e.Yiii.mpa. /(.pyniMii c.;ioiia.viii, Tnn Nullable<Int32> 
co anaaeime.vi 5 ynaKOBbiBaeTcn b Tnn Int32 c aiia. : ioni'im>iM aiia'iemie.vt. CACAyioimiii 
koa AeMOHCTpnpyeT TaKoe noBeAemie: 

// noc/ie ynaKOBKM Nullable<T> B03BpamaeTCfl null n/in ynaKOBaHHbiii Tun T 
Int32? n = null; 

Object o = n; // o paBHO null 

Console.Writel_ine("o is null={0}" J o == null); // "True" 
n = 5; 

o = n; // o ccbmaeTcn Ha ynaKOBaHHbiii Tun Int32 

Console. Writel_ine("o"s type={0}", o.GetType()); // "System.Int32" 


PacnaKOBKa null-coBMecmMbix 3HannMbix mnoB 

B CLR ynaKOBaHHbiii aiiamiMbiii Tnn T paciiaKom.iiiae'iCH b T hah b Nullable<T>. Ecah 
ccbiAKa Ha ynaKOBaHHbiii aiiaaiiMbiii Tnn paBHa null h iibiiio. iiiaeiCM pacnaKOBKa b Tnn 
Nullable<T>, CLR npucBaiiBaeT Nullable<T> aiia'iemie null. IIpiiMep: 

// C03flaHne ynaKOBaHHOro Tuna Int32 
Object o=5; 

// PacnaKOBKa stoto Tuna b Nullable<Int32> m b Int32 
Int32? a = (Int32?) o; // a = 5 
Int32 b = (Int32) o; // b = 5 

// C03flaHkie C Cbl/IKH f HHHUMa/lH3Hp0BaHH0ii 3HaneHneM null 
o = null; 

// "PacnaKOBKa" ee b Nullable<Int32> m b Int32 
a = (Int32?) o; // a = null 
b = (Int32) o; // NullReferenceException 


Bbi3oe MeTOfla GetType nepe3 null-coBMecTiiMbm 
3HannMbm Tun 

npn Bbi30Be MeTOAa GetType aah o6beKTa rana Nullable<T> CLR B03BpamaeT ran T 
BMecTO Nullable<T>. IIpiiMep: 

Int32? x = 5; 

// 3Ta CTpoxa bnboaht " System.Int32", a He "System.Nullable<Int32>" 

Console.WriteLine(x.GetType()); 
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Bbl30B MHTep<t>eMCHblX MGTOflOB Hepe3 nilll-COBMeCTUMblM 
3HaHMMblM THfl 


B npiiBe/i,eHHOM AaAee (jiparaeHTe KOAa nepeMeHHan n rana Nullable<Int32> npiiBO- 
Ahtch k nHTepcj^eficHOMy Tuny IComparable<Int32>. Ho ran Nullable<T> b OTjinnne ot 
rana Int32 hc peajni3yeT HHTcpcjiCMC IComparable<Int32>. Tcm hc mchcc koa ycneniHO 
K'OMiiii. : iii|')ycTCM, a MexaHH3M uc|)ii())ii Kami n CLR CHHTaeT, ‘no koa npomeji npoBepKy, 

HTo6bI Bbl MO IVIII HCH0JIb30BaTb 6)0./ICC VAOOIIIilii CHHTaKCHC. 


Int32? n = 5; 

Int32 result = ((IComparable) n).CompareTo(S); 
Console.WriteLine(result); // 0 


// KOMnH/inpyeTcn 
// n Bbino/iHaeTCfl 


Be3 r 10,10611011 iio,i,iep'/KKii co ctopohm CLR npnnuiocb 6bi micara rpoM03AKHH koa 
B bi30BaHHTepcjieHCHoro MeTOAa 'icpea null-coBMecmMbiH 3iia'inMbiii ran. Bbi30Ba 
MeTOAa noTpe6oBajiocb 6bi npiiBeAemie pacnaKOBaHHoro .'iiia'iiiMoro rana nepeA npn- 
BeAeHiieM k HHTepcjieHcy: 

Int32 result = ((IComparable) (Int32) n).CompareTo(5); // r pomo3akmm koa 
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jiasa 20. l/ldcmonem/m 
ii ynpaB/iei-me cocTosmi/ieM 


3ia rjiaBa nocBameHa o6pa6omKe ucKjmueHuu (exception handling), xoth b hcii 6ya,yT 
3aTpoHyTbi h npynie tcmm. IIpon,ecc odpadoTKH iicK. iio'iemia coctoht h3 hcckojibkiix 
rnaroB. /lym iiaua/ia c/ienyeT onpe/iejiHTb, hto hmchho cnna i b oihh6koh. nocne oioro 
HyaCHO BbIHCHHTb, KO 1/1,3 B03HIIKaeT OIIIHOKa, H peiHHTb, KaK OT HCC H36aBHTbCH. Ha 3TOM 
/mil 1C B03HHKaeT Bonpoc O COCTOHHIIH CHCTeMbI, TaK KaK 0Hffl6KH OObl'fllO B03HIIKai0T 
b caMoe iiciio/i.xo/i.miilcc BpeMH. CKopee Bcero, Bam icon b stot momcht oyncr HaxonuTbcn 
b HeKoeM ncpexo/iiiOM coctohhiih h BaM iioipcoycTCM BepHyTb ero b cocTonmtc, cy- 
mecTBOBaBmee no bo3hhkhobchh a ohih6kh. Paay.viccioi, mm Taioicc bmhchhm, KaKHM 
06pa30M I/O/1, /taCT nOHHTb o tom, tio c hum tio-to He TaK. 

Ha Moii B3T/IH/I,, o6pa6oTKa hckhiohciihh HB/ineTCH caMbiM cnadbiM mcctom CLR, 
h HMeHHO iio.-rroMy pa3pa6oTHHKaM 6biBaeT TaK Tpy/oio nncaTb ynpaB/ineMbiii icon. 
B iioc./ie/oiee BpeMH cnemra/mcTM Microsoft hiiccji n oiia'iine/ibiibic ynyimeima b :jtot 
acneKT, ho no xopomeii, nane/iciioii cncTeMbi bcc eme nociaTO'iim nacieico. O tom, tio 
hmchho 6buio cnc. iano b naimo.vi HanpaBJieHiiii, mm noroBopuM npn paccMOTpeHim He- 
odpadoTaHHbix hckjijohchhh, odjiacTeft oipamineimom iibmo.memia, KOHTpaKTOB Kona, 
cpencTB co.3/iaHH>T odepTOK n/ni HCKinoneHHH bo iipexia h i>riro. i hci1 1 1ai, HenepexBaneHHbix 
HCKJIIOneHHH H T. n. 


Onpefle/ieHiie «MCKJiiOHeHiin» 

KoHCTpyupya ran, mm 3apaHee 11bnae.viCM npencTaBHTb, b Karaix cuTyaniinx oh 6yncT 
Hcno/ib30BaTbCH. B KanecTBe hmchh Tima o6mhho BbidiipaeTCH cyiuccTinnc/iiiiioc, Ha- 
npriMep FileStream hjih StringBuilder. 3aTeM 3anaiOTCJi CBoiicTBa, co6hthh, MeTonbi 
h t. n. (Hop.via onpene/ieHiiH /mix 'i/iciioii (ranbi namibix cbohctb, napaMCTpbi mctohob, 
B03BpamaeMbie 3HaneHHH h t. n.) CTaHOBiiTca nporpaMMHMM HHTepcjaeHCOM Tima. Hmchho 
n/ieHbi onpcne/miOT nonycraMbie /ichctbhm c TiinoM h ero 3K3eMnjiHpaMH. /[a a hx iimch 
o6mhho BbidupaiOTCH r/iaro/ibi, Hanpimep Read, Write, Flush, Append, Insert, Remove 
h t. n. Ec/ih a/ieii He m oncer pemiiTb iio/uonceimvio Ha Hero aana'iy nporpaMMa no./i/Kiia 
Hbi/pri b hckjhohchhc. PaccMOTpuM cnenyiomec onpene/ieHiie Knacca: 
internal sealed class Account { 

public static void Transfer(Account from. Account to. Decimal amount) { 
from -= amount; 
to += amount; 

} 


} 
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iVlcTO/i, T ransfer npiiHHMaeT /psa o6 - beKTa Account h ana'teime Decimal, onpeaejiaa, 
CKOJibKO cpe/i,CTB iicpeiio/u-iTCM c OAHoro cicra Ha /tpyroii. O'icihiaho, tio 9tot mctoa 
AOAXcen BbiHHTaTb Atman c o/uioi o cicra h npudaBAHTb hx k Apyi'O.viy. Ho ecTb ps-i/t 
o6cTOHTejibCTB, KOTopbie MoryT noMemaTb ero pa6oTe. Hanpimep, apryMeHT from hjih 
to moxcct iniexi) ana'iemie null; apry.viem i>i from hjih to MoryT He cooTBeTCTBOBaTb 
OTKpbiTbiM c'lera.vi; Ha ctCTy, c KOToporo npeAnoAaraeTcn iiasnb Acnbrn, mojkct 0Ka3aTb- 
ch HeAOCTaTOHHO cpeACTis; Ha u,ejieBOM cmctv moxcct oicaiiai bCM TaK MHoro Acner, 'no 
riepeiio/i AonojiHHTejibHOH cyMMbi CTaHeT iipn'innon nepenoAHeHiia; apryMeHT amount 
mojkct 6biTb paBeH 0, HMeTb OTpimaTCJibHoe .ana'icnne hjih HMCTb 6ojiee /usyx 3H3kob 
nocjie 3annTOH. 

npn Bbi30Be MC'icj/ta Transfer cjicavct yniTbiiiarb bcc ncpcincjieimbie CHTyanim 
II npH BblHBJieHIIH JH060II113 HI-IX OIIOBCIHaTb BbI3bIBaK)miIH KOA, I’CI ICpiipy S-l I1CIC I lO'ICI I lie. 

06paTHTe BHiiMaHiie, 'no B03BpamaeMoe mctoaom anaitcime npiiHaAxexcuT k Timy void. 
To ecTb MeTOA Transf er npocTO 3aBepmaeT cboio pa6oTy, ec;i u 3aBepmeHiie nponcxoAHT 
b o6biHHOM pcjKH.vie, hjih reHepHpyeT uckjiiouciiiic b npoTHBHOM cjiyiac. 

06 beKTHO-opneHTHpoBaHHoe nporpaMMiipoBaHiie ofiecncninaeT BbicoKyio acjicjieK- 
THBHOCTb TpyAa paapadont n koh, TaK KaK iio.3iio.imct nucaTb, Hanpimep, TaKofi koa: 

Boolean f = "Deff".Substringil, 1).ToUpper().EndsWith("E"); // true 

3 Aecb a peajiii 3 yio cboh na.viepemiM, oSbOAnnM a HecKOJibKO onepaiinii 1 . 3 tot koa 
A ereo HHTaeTCH h peAaKTiipyeTca, TaK KaK ero iiaana'ieime oucmi/uio. Mbi 6epeM CTpoKy, 
BbiAejiHCM ee nacTb, npiiBOAHM chmbojih otoh uacnt k BepxHeMy penicTpy h cmotphm, 
3 aKaHHHBaeTCH ah BbiAeAeHHbiii cjiparMeHT ciimboaom " E". npn atom /icJiacTOi ao- 
nymeHiie, 'no Bee viiomH iiyi bie onepan,nii ycneruHO 3 aBepmaiOTCH. Xoth, paay.vtecTCM, 
OT OIHI160K HHKTO He 3 aCTpaXOBaH. CoOTBeTCTBCHHO, C HIIMH HyXCHO HTO-TO ACAaTb. 
CymeCTByeT MHOXCeCTBO 06beKTH0-0piieHTIip0BaHHbIX CpeACTB — KOHCTpyKTOpbl, IIH- 
CTpyMeHTbi 11 pocMorpa/aaAai 1 n a cbohctb, no6a ii./i e iiiki/ yyajie1111a codbiTiiii, Bbi 30 Bbi 
neperpy 3 Kii onepaTopoB, Bbi 30 Bbi onepaTopoB npeo 6 pa 30 BaHim Tuna, — KOTopbie He 
yMeiOT B 03 BpamaTb koa oihh6kii. Ho Aaxce ohii aoaxchm Kaicn.M-TO cnoco6oM coo6maTb 
o ee HaAHHHH. B .NET Framework hB cex noAAepacHBaeMhix otoh nAaTcjiopMOHH3biKax 
nporpaMMiipoBaHHH aah stoh i tc./in cymecTByeT ciieima.ibiibiii Mexami 3 M, Ha 3 biBaeMbiii 
o6pa6omKou ucKjmneHuu (exception handling). 

BHMMAHME 

HeKOTopbie pa3pa6oTHHKn oluh6ohho cnmaiOT, hto ncKmoieHian 3aBucm ot aacTOTbi 
B03HHKH0BeHH9 HeKOToporo mb/ichhm. K npi/iMepy, pa3pa6oTHHK MeTOfla HTeHHM cjiaiina 
wioxeT CKa3aTb: «HmaH cpaPiji, Bbi b more AOCTnmeTe ero koh 14 a. TaK KaK 3 to cnyHaeicn 
Bcerna, a 3acTaBAio mom MeTOA Read b 3tot momcht B03BpamaTb cnepnaribHoe 3HaieHne. 
M Torfla reHepnpoBaTb HCKmoieHMe He noHaAo 6 nTcn». Ho TaK camaeT pa3pa6oTinK, 
cosAaiOLAHti MetOA Read, a He tot, kto stum mctoaom noTOM no/ib3yeTCM. 


1 


MeTOAbi pacmnpeHHH b C# iio3boahiot CTpoiiTb nenoiKii H3 pexoro Hahopa MeTOAOB. 
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Ha MOMem co3AaHM5i MeTOAa HeB03M0>KH0 npeAyraAaib Bee cvnyauyuA, b KOTopbix oh 
6yAeT Bbi3biBaTbcn. CooTBeTCTBeHHO, Heab3n npeACKa3aib, HacKO/ibKO HacTbiMn CTaHyT 
nonbiTKM nponmaTb c^aim ao KOHpa. Bo/iee Toro, TaK xax Oo/ibWHHCTBO <t>an.noB coAepxm 
CTpyKTypi/ipoBaHHbie AaHHbie, bp^a an HTeHne nocaeAHnx cjjparivieHTOB 6yAeT nacibiM 
coObiTneM. 


MexaHUKa o6pa6oTKM ncK/itonem/m 

B 3TOM pa3ACAe paCCMOTpCHLI KOHCTpVKUHH H3bIKa C#, npeAHa3HaneHHbie AJIX o 6 pa 6 oTKII 
HCKJIIOUeHHH, XOTH MbI H He 6 vACM OC 060 BAaBaTbCH ACTajIH. BaM BaaCHO IIOIIMTb, KOrAa 
h KaKHM o6pa30M npiiMeHaeTCH o 6 pa 6 oTKa HCKJiioueHHH. IToApo 6 Hyio ace iiHt^opMauiiio 
no aaimoii tcmc bm ilaii/tcrc b AOKyMeHTauriH Ha .NET Framework h ciichik)) iiKaiui 11 
M.'ibiica C#. C. ic/tycT TaKace yno.vnmyTh, hto b ocHOBe o 6 pa 6 oTKH iicic. iio'iemiii b .NET 
Framework ,/iokht cmpyKmypHa.fi o6pa6oniKa ucKfimuenuu (Structured Exception 
Eiandling, SEE!) Windows. SEE! pacc.viaipiibaeTcri bo mhotiix iiCTonmiicax, b tom mhcjic 
b Moeii KHiire «Windows via C/C++» (Microsoft Press, 2007). 

PaccMOTpriM koa, AeMOHCTpupyiorAHH CTaHAapTHoe npiiMeHeHiie MexaHH3Ma 06 - 
padoTKir HCKJironeHHH. Oh /uict iipe/ic'iab./ieiiiie o mi/ic h iipe/uia.iiia'iemi h 6 jiokob 
odpadoTKH HCKJiioueHHH. B KOM.vicmapiiax /piiio 4>opMaabHoe omicaHiie 6 jiokob try, 
catch h finally. 

private void SomeMethod() { 
try { 

// Koa, Tpe6yK)innPi KoppeKTHoro BoccTaHOBaeHwa 
// ham ohmctkm pecypcoB 

} 

catch (InvalidOperationException) { 

// Koa BoccTaHOBAeHMB pa6oTOcnoco6HOCTM 
// nocae MCKAWHeHMfl InvalidOperationException 

} 

catch (IOException) { 

// Koa BoccTaHOBneHufl pa6oTOcnoco6HOCTM 
// nocae MCKAWHeHMB IOException 

} 

catch { 

// Koa BoccTaHOBneHMA pa6oTOcnoco6HOCTM nocae ocTaabHbix MCKAioneHUM. 

// nocae nepexBaTa ncxaiOHeHUM nx o6bNHO reHepupyiOT noBTopHO 

// 3Ta TeMa 6yAeT paccMOTpeHa no3>Ke 

throw; 

} 

finally { 

// 3Aecb HaxOAMTCa koa, BbinoaHflioinHM OHMCTKy pecypcoB 
// nocae onepapnii, HanaTbix B 6aoxe try. 3 tot koa 
// BbinoAHaeTca BCETflA BHe 3aBncnMOCTM ot HaanHua MCKatOHeHna 
} 
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// Koflj c/ieflywmuM 3a 6 /iokom finally, Bbino/iHseTcn, ec/in b 6/ioi<e try 
// He reHepnpoBa/iocb MCK/noneHMe mam ec/iM MCK/uoneHMe 6bmo nepexBaneHO 
// 6/iokom catch, a HOBoe He reHepnpoBa/iocb 

} 

MbI paCCMOTpeJIH OAHH H3 B03M03KHMX CnOCo6oB o6pa6oTKH HCKAIOHCHHH npH 
noMOin,H 6 jiokob. 06hhho Bee BbirAHAHT HaMHoro npome. B 6oAbmiiHCTBe CAynaeB 
MOACHO o6oHTHCb BCerO AByMH 6jIOKaMH, l[ail|)HMCp 6JIOKOM try C COOTBeTCTByiOmHM 
eMy 6 jiokom finally hait >kc napoii try h catch. TaKoii caoachmh npimep h Bbi6paji 

AAH ACMOIICTpanilll B03M0ACHMX KOM6HHai],HH. 

Ejiok try 

B 6 jiok try noMemaercn koa, Tpe 6 yK)mHii omhctkh pecypcoB h/hah isoccianois.ic- 
hhh nocjie HCKJironeHHH. Koa ohhctkh coAepatHTca b 6jioKe finally. B 6 ./ 10 kc try 
mo>kct pacnojiaraTbca '['aioicc koa, npnBOA>i ih.hr k reHepau,HH iicK. no'icmiM. Koa ace 
BOCCTaHOBaemm HCTaii./Ri io'i b oahh hah HecKOAbKO 6 aokob catch. Oahh 6 aok catch 
cooTBeTCTByeT OAHOMy co6biTino, nocae KOToporo no BaniHM npe/uio. ioaceiinaM MoaceT 
iiOTpeoonaTbCM BOCCTaHOBAeHHe npii./ioaccmiM. Baok try AOAXten 6biTb CBM.san xoth 6bi 
c oahhm 6 aokom catch hah finally; caM no ce6e oh He HMeeT CMbiCAa, h C# 3anpemaeT 
TaKne onpeAeAeHHH. 


BHMMAHME 

MHorfla pa3pa6oTHHKn cnpawMBaiOT, iokom oSteM KOfla cneflyeT pa3Mem,aTb BHyTpi/i 
6noKa try. OTBeT Ha 3 tot Bonpoc 3aBncnT ot ynpaBneHMH cocTOHHHeM. Ec/ih BHyTpH 
6noi<a try Bbi co6npaeiecb BbinoriHflTb Ha6op onepapHH, xaxAaa H3 KOTopbix MOxeT 
ciaTb npuHHHOM HCKAiOHeHna OAHoro h toto xe Tuna, ho npn 3 tom cnoco6bi o6pa- 
6 otkh KaxAoro HCKAKDHeHHa pa3Hbie, HMeeT cmhcji C03AaTb aah ioxaoh onepapMH 
co6cTBeHHbiH 6 aok try. 


Ejiok catch 

B 6aok catch noMemaiOT koa, KOTopbrii AOAaceH hi.iiio. iiim itjC m b otbct Ha ncic. iio'iemic. 
Baok try MoaceT 6biTb CBnaan KaK c Ha6opoM 6 aokob catch, TaK h iic accoitunpoBaTbca 
HIT C OAHHM TAKHM 6 aOKOM. ECAH KOA B 6.TOKC try He nOpOACAaeT HCK.TIO'UTme, CLR 
HiiKorAa He nepexoAHT k BbinoAHeHiiio koaa b cooTBeTCTByiomeM oaokc catch. IIotok 
npocTO nponycKaeT hx, cpa3y nepexoAH k KOAy 6AOKa finally (ccah TaKOBoii, kofici- 
ho, cymecTByeT). BbinoAHHB koa 6AOKa finally, noTOK nepexoAHT k iiHCTpyKiiiiH, 
CAeAyromen 3 a 3thm 6aokom. 

Bbipaacemie b CKo6Kax nocAe K. iio'ieroro CAOBa catch naabmacTCM munoM uauiioue- 
huh (catch type). B C# .'rry poAb nrpaeT ran System. Exception h ero npoH3BOAHbie. 
B npeAbiAyuteM npHMepe nepBbie /psa 6AOKa catch o6pa6aTbiBaAH hckmio'iciihh Tima 
InvalidOperationException (iiahhx npon3BOAHbie) h IOException (hah, onuTb ace, 
hx npoH3BOAHbie). B iiocjie/pie.vi 6.tokc (aah KOToporo He 6biA hbho yKa3aH Tim itckaio- 
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hchhm) o6pa6aTbiBajincb Bee ocTajibHbie tswam iick. nouemni. 3 to DKisniia.icm iio 6jioicy 
catch ;(j\'A ncK.iid'icmiii r h r ra System.Exception, He cunaa Toro, tio HH^opMapHH 
HCKJiiOHeHira b koac, naK.MiOMeimoM b (jinrypiiiiic cko6kii, ncAOCTynna. 

nPMMEHAHME 

ilpn OT/iaAKe 6/ioi<a catch b Microsoft Visual Studio Ana npocMOTpa TeKymero hckjiio- 
neHna cneAyeT Ao6aBHTb b okho KompoAbHbix 3HaHem/m cnepna/ibHyio nepeMeHHyio 
Sexception. 


IIohck noAxoAHmero 6.10 ita catch b CLR ocymecTn.'iaeTOi CBepxy bhh 3 , iiootomv 
H an6ojiee KOHKpeTHbie o6pa6oTHiiKii aoaachm uaxo/im iiCM b nanaae emit:Ka. Cuaua- 
jia CJieAyiOT noTOMKii c Han6oAbiHeH rjiy6iiHoii 1 [;icjic‘/i,o n;n 111 s-i, noTOM — hx 6a30Bbie 
KJiaccbi (ecAH TaKOBbie ii.yktotcm) h, uaKoiieii,, — K.'iacc System. Exception (hah 6 aok 
c HeyKa3aHHbiM TunoM hckaiohchhh). B npoTHBHOM c./iyuae KOMiiu./iaTop coo 6 iu;iit 06 
onm6Ke, TaK KaK 6oAee y3Kocneu,iiaAH3HpoBaHHbie 6 aokii b TaKoii CHTyaitini OKaatyTCH 
AAH Hero HeAOCTHACHMbIMH. 

McK. iio'icimc, creHepupoBaHHoe npu BbinoAHeHini koah 6AOKa try (hah Aio6oro bbi- 
3BaHHoro 3thm 6aokom MeTOAa), iimimnipycT noncK 6aokob catch cootisctcthvioiiuto 
Tima. IIpH OTcyTCTBHH coBnaAeHini CLR npoAOAAtaeT npocMaTpimaTb ctck bm30bob 
b noncKax Tima ucKViio'ieima, cooTBeTCTByiomero AaHHOMy iicic.iioueiiuio. Ecaii npu ao- 
cthacchhh BepmiiHbi CTeKa 6aok catch HyatHoro Tima o6HapyaceH He 6yAeT, iicKAKtHeHiie 
CHiiTaeTCH Heo6pa6oTaHHbiM. 3Ty crnyaiiuio mm paccMOTpiiM nyTb iio.3>kc. 

IIpH ofmapyatemni 6AOKa catch HyatHoro Tima CLR iiciio. iumct Bee BHyTpeHHiie 
6 aokh finally, HamiHaiT co CBH3aHHoro c 6 aokom try, b kotopom 6mao B6pomeHO 
HCKAiOHeHiie, 11 .iaKairmnaa 6 aokom catch HyatHoro Tuna. IIpn atom hii oahh 6aok 
finally He m.mo.mMCTCM ao ;:saisepmemiM achctbhh c 6 aokom catch, o6pa6aTMBaiomHM 
HCKAIOHeHIie. 

IIocAe Toro KaK koa BHyTpeHHHX 6 aokob finally 6yAeT BbinoAHeH, mciioahhctch 
koa n3 o 6 pa 6 aTbiBaiomero 6.1 ora catch. 3Aecb Bbi6iipaeTCH cnoco6 BOCCTaHOBAemiH 
nocae ncK. iioucmiM. 3aTeM moacho Bbi6paTb oahh h 3 Tpex BapnaHTOB achctbiih: 

□ eme pa3 creHepupoBaTb to ate ncKMioucmie aah nepcAami HHtjiopMaLtHH o HeM KOAy, 

pacnoAoateHHOMy Bbime b CTeKe; 

□ creHepupoBaTb hck. no'ieime Apyroro Tima aah uepcAa'in AonoAHiiTeAbHoii imcjiop- 

MaH,iiii KOAy, pacnoAoateHHOMy Bbime b CTeKe; 

□ no3BOAHTb nporpaMMHOMy noTOKy bmiitii h 3 o./ioita catch ecTCC'memibi.vt o6pa30M. 

O tom, b KaKiix CHTyaitiinx CAeAyeT Bbi6paTb KaatAbiii H 3 othx cnoco6oB, mm no- 
roBopiiM HeMHoro no 3 ate. Ilpn Bbi6ope nepBoro hah BToporo BapnaHTa achctbhh CLR 
pa6oTaeT no yace paccMOTpeHHoii cxeMe: npocMaTpimaeT ctck bm 30 bob b noncKax 6.10 ica 
catch, Tim KOToporo cooTBeTCTByeT THny creHepupoBaHHoro hckatohchhh. 
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B nocjie/uie.vt ace cjiynae nponcxoAHT iiepexoA k 6jioky finally (ecjra oh, koiicmiio, 
cymecTByeT). Ilocjie Hi.iiio. iiiemiM Bcero coAepacameroca b HeM KO/i,a ynpaBJieHiie nepe- 
xoaht k pacnojioaceHHoii nocjie 6 jiOKafinally HHCTpyiciiHH. Ecjih 6jiok finally OTcyT- 
CTByeT, noTOK nepexo/piT k HHCTpyiciiHH, pacnojioaceHHOii 3 a iioc./ie/pniM 6jiokom catch. 

B C# nocne Tima nepexBaTbiBaeMoro ncK./iio'iemia moacho yKa3aTb iimh rrcpe.vici i- 
hoh, KOTopaa ovact ccbuiaTbca HacreHepHpoBaHHbift o6beKT, noTOMOK KJiacca System. 
Exception. B koac 6jioKa catch 3Ty nepeMeHHyio moacho ncnojib30BaTb aah iiojiynemia 
MiicfiopManMw 06 HCKJiroaeHHH (Hanpimep, /laimi.ix TpaccupoBKii CTeica, rip>n hc/i, irrcii 
k HCKJiiOHeHiiio). 06beKT, Ha KOTopbifi ccbuiaeTca nepeMeimaa, b npiiHu,ime moacho 
pe/i,aKTHpoBaTb, ho a pckomciiavio paccMaTpiiBaTb ero KaK iipeAiiaiiiia'ieimi.m to.ii>ko 
'nemia. Biipo'icvt, iro/t,po6 n i>i ii pa3roBop o Tune Exception h MaHiinyjiaii,Hax hm 
BblHeCCH B OTflejIbHblH pa.3ACJI. 

nPMMEHAHME 

Moxho C 03 AaTb coObime FirstChanceException K/iacca AppDomain n nonynaTb nH<i>op- 
Mapnio 06 MCKmoneHnax eme ao Toro, Kax CLR HanHeT ncxaib nx o6pa6oTHHKn. IIoapoQho 
3Ta TeMa paccMaTpi/iBaeicn b rnaBe 22. 


Bjiok finally 

Koa 6aoKa finally BbinojmaeTca liccraa 1 . 06bi>mo otot koa iipoii3BOAHT o'hictkv no- 
cae m.iiio.ineima ojioica try. Ecah b fi.ioice try 6 i>i.i otkpht HeKiiii <})aii./i, 6./iok finally 
AoaaceH coAepacaTb 3aKpbiBaiomHH otot t^aiui koa: 

private void ReadData(String pathname) { 

FileStream fs = null; 
try { 

fs = new FileStream(pathname, FileMode.Open); 

// 06pa6oTKa aaHHbix b 4>aPi/ie 

} 

catch (IOException) { 

// Koa BoccTaHOBneHMa nocne ucKAKineHun IOException 

} 

finally { 

// Pa ma o6n3aTeAbHO caeAyeT 3aKpwTb 
if (fs != null) fs.Close(); 

} 

} 


1 IipepbiBaHiie noTOKa iuih Bbirpy3Ka AOMeHa npiuioxceHiiii HBjiaeTca hctohhhkom HCKjnoneHHH 
ThreadAbortException, odecnenimaiomero BbinojiHemie 6ji0Ka finally. Ecjih ace noTOK npepbi- 
BaeTca cjjyHKAiieii TerminateThread hah mctoaom FailFast KJiacca System.Environment, 6 aok 
finally He BbmoJiHHeTCH. Pa3yMeeTCfl, Windows npoii3BOAHT omiCTKy Bcex pecypcoB, KOTopbie 
HcnoAb30BaAHCb npepBaHHbiM npopeccoM. 
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Ecah koa 6./ioi<a try bi.iho. iiimctoi 6e3 ncK. iio'icimft, cjiafiji 3aKpbiBaeTCH. BnponeM, 
nocKOJibKy Aaace HCKAiOHeHiie He noMemaeT BbinojiHeHiiio KOAa b 6a okc finally, cj^afui 
rapaHTiipoBaHHO 6yaeT 3aKpbiT. A ecjin noMecTHTb iiHCTpyKiinio 3aKpbiTHH (Jjaftjia nocjie 
6jiOKa finally, b cjiynae HenepexBaneHHoro iicic.iio'icmia (jiaii.'i ocaai ictch OTKpbiTbiM 
(ao CAeAyiomero npoxoAa y6opmHKa Mycopa). 

Eaok try mo/icct cymecTBOBaTb h 6e3 6,/iOKa finally, bcai, imorAa ero koa npocTO 
He Tpe6yeT nocaiCAyioiaeii ohhctkh. O/niaiai ecA h bbi peuiHAH co3AaTb 6 aok finally, 
ero cjicavct noMecTHTb noc./ie Bcex 6 aokob catch. H noMHHTe, 'no OAHOMy try mo>kct 
cooTBeTCTBOBaTb TOAbKO oahh 6aok finally. 

/tocTiirayB KOHua 6AOKa finally, noTOK nepexoAHT k HHCTpyKijHH, pacnoAOAceHHoft 
iiocjic aToro d/ioica. 3anoMHHTe, 'no b 6,/iok finally iio.\ieinaciC!-i koaaah m.iiio.inemia 
3aBepmaiomeH ohhtckii. H oh aoaacch isi.iiio. ina ri, to./ii>ko Te acmcthh a, KOTopbie He- 
o6xoahmh aah OTMeHbi onepapHft, HanaTbix b 6aokc try. Koa 6aokob catch h finally 
cacavct /[,c./ia'[ F> no bo3moachocth kopotkhm (orpaHiraiiBaHCb oahoh hah AByMH CTpo- 
KaMii) h no bo3moachocth pa6oTaiomn.\t 6e3 hckaiohciihh. OAHaKO HHorAa CAynaeTCH 
TaK, 'H O HCTOHHIIKOM HCKAIOHeHHH CTaHOBHTCH KOA BOCCTaHOBAeHHH HAH KOA OHHCTKH. 
06 mhho 3to yKa3biBaeT Ha naAn'ine cepbe3Hbix ohiii6ok. 

BcerAa cymecTByeT BepoHTHOCTb Toro, tio bo Bpe.via BbinoAeHHim KOAa BOCCTaHOB- 
AeHIIH HAH OMHCTKH II|)()I1.30HACT c6oft, H 6yAeT BblAaHO HCKAIOHCIIHC. BlipO'tCM, TaKaH 
CHTyauiiH MaAOBepoHTHa, a ee B03HHKH0BeHiie CBHACTeAbCTByeT o bo3hhkhobchhh oneHb 
cepbe3Hbix npo6AeM b nporpaMMe (cKopee Bcero, o noBpeACAeHiiii TeKymero coctohhiih). 
Ecah hctohhiikom hckaiomchhm CTaHOBHTCH 6 aokii catch hah finally, CLR npoAOA- 
acacT pa6oTy KaK b CAV'iae, KorAa HCKAio'iemie reHepiipyeTCH nocAe 6AOKa finally. 
IlpOCTO npn 3TOM TepneTCH IIHCjiOpMailHH O nepBOM HCKAIOHeHIIH, B6pOHieHHOM B 6AOKe 
try. CKopee Bcero (h Aaace acejiaTC.Miaio), sto HOBoe ncK. iio'ieiine ocTaHeTCH Heo6pa6o- 
TaHHbiM. IlocAe 3Toro CLR 3aBepmaeT nponecc, yHHHToacaH iionpoKACimoe coctohhhc. 
IIpoAOAAceHHe pa6oTbi iipn. : io>Kemia b hoao6hom cjiyaae npiiBeAO 6bi k HenpeACKa3ye- 
MbiM pe3yAbTaTaM h, bcpohtho, k noHBAeHiiio agcJ^cktob b chctcmc 6e3onacHOCTH. 

C MO eft lO'IKIl 3peHIIH, AAH MexaHH3Ma o6pa6oTKH HCKAIOHCHHH CAeAOB3AO 6bl Bbl- 
6paTb Apyme icno'ieisbie CAOBa. BeAb nporpaMMHCTy iiV/KTio Bcero Aiirnb BbinoAHHTb 
tjipar.Yiem KOAa. A ecAH ti o-to noiiAeT He TaK, ah6o BOCCTaHOBHTb ii|:)ii.ao>Keime nocAe 
OHIh6kII H ABIiraTbCH AaAbHie, Ah6o BepHyTbCH B COCTOHHIie AO B03HIIKH0BeHHH npo- 
6acm h coo6mHTb o HenoAaAKax. IIporpaMMHCTaM Tarcsce iiv/ioio rapaHTiipoBaHHoe 
BbinoAHCHHe 3aBepmaK)meft ohhctkii. C./ieBa noKa3aH koa, npaBHAbHbift c tohkii 3peHHH 
KOMnriAHTopa, a cnpaBa — cHHTaKcnc, KOTopbifi npe/nio'icji 6bi BHAeTb h: 


void Method() { 

void Method() { 

try { 

try { 

} 

} 
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catch (XxxException) { 

handle (XxxException) { 

} 

} 

catch (YyyException) { 

handle (YyyException) { 

} 

} 

catch { 

compensate { 

... I throw; 

...; throw; 

} 

} 

finally { 

cleanup { 

} 

} 

} 

} 


CLS-coBMecTMMbie i/i CLS-HecoeiviecTUMbie HCK/nonem/m 

Bee H3biKii nporpaMMHpoBaHHH, opi-ieHTiipoBaHHbie Ha CLR, nojiacHbi no/mepacHBaTb 
co.3/(annc o6beKTOB Kjiacca Exception, TaK KaK 3Toro Tpe6yeT o6meH3biKOBan cneumjiii- 
Kaipm (Common Language Specification, CLS). Ho Ha caMOM uc/ic, CLR pa3pemaeT 
coa./umaTP) ::>iC3C.vii i. i ai]) f>i juo6oro THna, b pe3yjibraTe b HCKOTopbix H3biKax iioaii.iaiOTcn 
HecoBMecTHMbie c CLS HCKJnoueHHH rana String, Int32 hjih DateTime. Ko.vimi.iaTop 
C# pa3pemaeT reHepiipoBaTb TOJibKO o6beKTbi, npoii3BOAHbie ot Kjiacca Exception, b to 
BpeMH Kan b upyrnx a.'sia i<ax sto orpaHiraeHiie OTcyTCTByeT. 

Mhooic nporpaMMHCTbi He 3HaiOT, ito /yin nepe/taun HCKinoueHHH mojkho reHepiipo¬ 
BaTb o6beKT jno6oro Tima, noaTOMy ohii nojib3yiOTCH TOJibKO o6beKTaMii, npoiimoTUibiMii 
ot Kjiacca Exception. /(c> m.ixo/ta Bepciiii CLR 2.0 b ojioicax catch nepexBaTbiBajuicb 
TOJibKO CLS-COBMeCTHMbie HCKJIIOneHHH. EcjIII MCTO/I, Ha C# BbI3bIBajI MCTO/I,, HamiCaH- 
Hbiii na/tpyroM a a i>i ice, h tot reHepiipoBaji CLS-HecoBMecTHMoe ncKUioaemic, ero 6buio 
H6B03M0JKH0 nepexBaTHTb, tio 'ipeisaio HapymeHiieM 3amiiTbi. 

Haniman c Bepciiii 2.0, b CLR nonBiuicn KJiacc RuntimeWrappedException, onpe- 
AejieHHbiii b npocTpaHCTBe hmch System. Runtime. CompilerServices. HBjunicb 
npoii3BOji,HbiM ot Kjiacca Exception, oh npcncTaisjiaeT co6oii CLS-coBMecTHMbiii ran 
HCKJnoneHHH. 3 tot KJiacc oojiauacT 3aKpbiTbiM nojieM THna Object, k KOTopoMy mojkho 
oOpaTHTbcn 'iepe.3 ri])Cji, 11 aa 11 a>ic 1111 oc TOJibKO ji-ia Tieiuia cboiictbo WrappedException 
Toro ace Kjiacca. B CLR 2.0 npii reiiepauuu CLS-HecoBMecTHMoro iicic. iio'ieiina aBTO- 
MaTHuecKii co3/i,aeTCH 3K3eMnjmp Kjiacca RuntimeWrappedException, 3aKpbiTOMy nojno 
KOToporo npucBaiiBaeTcn ccbuiKa Ha liopomcimm’i oObckt. TaKHM ciiocooom HecoBMe- 
CTHMbie c CLS HCKJiioneHHH npeBpamaiOTCJi b CLS-coBMecTHMbie. B HTore jno6oii ko/i,, 
yMeiomiiii nepexBaTbiBaTb iicic.iio'ieiina THna Exception, 6y/(CT nepexBaTbiBaTb h Bee 
ocTajibHbie HCKJiioneHHH, tio ycTpanacT yrpo3y 6e3onacHOCTH. 

JXo Bepciiii 2.0 nepexBaT CLS-HecoBMecTHMbix HCKJiioneHHH ocymecTisjiajica c no- 
Moinbio npimepHO TaKoro Koaa: 
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private void SomeMethod() { 
try { 

// BHyTpb 6/ioi<a try noMemawT koa, Tpe6ytomMii KoppeKTHoro 
// BOCCTaHOB/ieHMfl pa 60 T 0 Cn 0 C 06 H 0 CTM m am ohmctkm pecypcoB 

} 

catch (Exception e) { 

// flO C# 2.0 3T0T 6.J10K nepeXBaTblBa/1 TO/lbKO CLS-COBMeCTMMbie MCK/llOHeHMR 
// B C# 2.0 3 tot 6/iok Haysn/ica nepexBaTbiBaTb TaioKe 
// CLS-HeCOBMeCTMMbie MCKTlIOMeHUB 

throw; // noBTopHaa reHepapna nepexBaMeHHoro McicmoHeHMfl 

} 

catch { 

// Bo Bcex Bepcuflx C# btot 6/iok nepexBaTbiBaeT 
// M COBMeCTMMbie, M HeCOBMeCTMMbie C CLS MCK/lHJMeHMfl 
throw; // noBTopHaa reHepapna nepexBaMeHHoro McicmoHeHMfl 

} 

} 

y3HaB, ’ito CLR no/mepacHBaeT Tenepb o6a bh/ea ncK.iio'icimii, HeKOTopwe pa3pa6oT- 
mhkh CTaaii nucaTb j(\ia 6 . : iok;i catch (KaK noKa3aHO b ii pc‘/LF>r/tyir lc'.vt (jipar.vieiiTe KO/ta), 
hto 6 m nepexBaTbiBaTb mck. no'iemm o 6 ohx bh/eob. Ecjih otot ko/e nepeKOMniumpoBaTb 
AJiH CLR 2.0, BTopofi 6 jiok catch HiiKor/Ea He oy/tcx miino./ma i bCM, a Ko.viiin. iaTop bh- 
/EacT iipe;[yiipc>K;Eeim<‘ (CS1058: npe/Ebi/EynEtifi 6 jiok catch yace nepexBaTbiBaeT Bee 
HCKJHOHeHira. OcTaabHbie oObeKTbi .'iaii.iio'iaiOTCH b oOepTKv K.iacca System. Runtime. 
CompilerServices.RuntimeWrappedException): 

CS1058: A previous catch clause already catches all exceptions. All non-exceptions 
thrown will be wrapped in a System.Runtime.CompilerServices.RuntimeWrappedException 

EcTb ana nyTH nepeHOca KO/ta 6ojiee paHHiix Bepcnii b .NET Framework 2.0. Bo- 
nepBbix, MoacHO o6'be/uimnb /usa 6aoKa catch. Mmciiiio TaK peKOMCH/EyeTCH /ecmctbo- 
BaTb. O/uiaKO MoacHO TaKace cooomrnb CLR, 'no ko/e Bameii cOopKii ov/ect paOoTaTb 
no «CTapbiM» npaBiraaM, to ecTb hto 6 jiokii catch (Exception) He AOJiacHM nepe¬ 
xBaTbiBaTb 3K3eMnajrpbi hoboto KJiacca RuntimeWrappedException. BiviecTO 3Toro, 
cpc/pi CLR /to./i'/Kiia H3BJienb 113 oocpriai CLS-HecoBMecTHMbiii 06'be kt h Bbi3biBaTb 
Bam ko/e TO.ibKo npri iia.iirmn b hcm O./ioica catch, b kotopom He onpe/EeneHO HiiKa- 
Koro Tirna. M'loobi coo6minb CLR 06 stom, k c6opKe HyacHO npriMeHiiTb 3K3eMnjnip 
RuntimeCompatibilityAttribute, Hanpimep, TaK: 

using System.Runtime.CompilerServices; 

[assembly:RuntimeCompatibility(WrapNonExceptionThrows = false)] 


nPMMEHAHME 

3tot aTpnbyTflencTByeT HaypoBHe u,eaon cbopKn. B oahoh cbopxe He/ib3fl coBMemaib 
ncKmoneHna b obepnce n 6e3 Hee. HyxHO cob/uoAaTb ocobyio ocTopoxcHOCTb npn AobaB- 
zieHuu b cbopicy HOBoro koab (KOTopbiO oaa/iAaeT ot CLR ncicniOHeHnn b obepnce K/iacca 
System.Runtime.CompilerServices.RuntimeWrappedException), rAe ecTb CTapbiO koa 
(b kotopom CLR He noMem,aeT ucicmoHeHua b obepncy). 
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Kjiacc System.Exception 

CLR no.3bo.miCT reHepupoBaTb b Ka'iccTisc HCKJiroHeHHH oicocm i[. iapi>i jiio6oro Tima — ot 
Int32 /j, o String. Ho b Microsoft peuiHjiH, hto He ctoht 3acTab.nnb Bee m.3i>ikti reHe- 
piipoBaTb h nepexBaTbiBaTb ncK.iio'iemmi npoH3BOJibHoro THna. Cootbctctbchho, 6bui 
coa/uui THn System. Exception. M.vieimo hckjiiohciihx otoki THna h ero npoii3Boa,Hbix 
AOJiacHbi nepexBaTbiBaTbCH bo Bcex CLS-coBMecTHMbix aobiKax nporpaMMiipoBamra. 
CLS-coBMecTHMbiMH Ha3biBaiOTCJi THnbi hcictiomciiith, ii|)oii.3b(), : i,iibie ot THna System. 
Exception. KoMniuiHTopbi C# h mhotiix /ipyrax h3wkob no3BOJiHiOT KOjxy reHepupoBaTb 
TOJIbKO CLS-COBMeCTHMbie HCKJHOneHIIH. 

System. Exception — oneHb npocTOii ran c Ha6opoM cbohctb, nepenucjieHHbix 
b Ta6ji. 20.1. CKopee Bcero, oopamaTbca k othm CBOHCTBaM b cbocm Koae BaM Hmcoraa 
He iipii/ic ro-i. Hx innyr b oraeTe OTjia/pini<a hjih b aisapHiinoM aa.viiic na.vun ii nocjie 
iipcKpainomm pa6oTbi npruioaceraiH H3-3a Heo6pa6oTaHHoro HCKjnoneHHH. 


Ta6ni/iu,a 20.1 . OTKpbiTbie CBOMCTBa Tuna System.Exception 


Cbomcteo 

AocTyn 

Tun 

OnncaHne 

Message 

TojIbKO JXJ 1 K 

4TeHH5I 

String 

TeKCT c onucaHiieM npunnHH hckjho- 
neroiH. Ecjih HCKjnoneHiie He yaaeTCH 
o6pa6oTaTb, coodmemie 3anHCbiBaeTCH 
b xcypHaji. KoHenHbiM nojib30BaTejiHM 3to 
coodmemie He,o,ocTynHo, nosTOMy ero MaK- 
ciiMajibHo HacbinjaioT TexminecKHMii noa- 
Po6hocthmh, KOTopbie MoryT 0Ka3aTbca 
nojie3HbiMH aw pa3pa6oTuiiKOB 

Data 

TojIbKO JXJIR 

4TeHH5I 

I Dictionary 

CcbuiKa Ha Ha6op nap «napaMeTp- 
3HaneHiie». 06muho, nepe/i, TeM KaK cre- 
HepupoBaTb HCKjnoneHiie, koa AodaBjiaeT 
3anncb b 3tot Ha6op. rtepexBaTbiBaioniHii 
HCKjnoneHiiH Koa. 3anpanniBaeT sth 3anncii 
h iicnojib3yeT nojiyneHHyio HHcjjopMaijHio 
hjih CBoeii padoTbi 

Source 

HTeHHe/3a- 

nHCb 

String 

Mmh c6opKH, creHepHpoBaBineH hckjiio- 
neHHe 

StackTrace 

TojIbKO JXJ 1 R 

4TeHH5I 

String 

HMeHa h curHaTypbi mctoaob, bh30b koto- 
pbix cTaji hctouhhkom iicKJiioneHHH. Hpe3- 
BbinaiiHo noJie3Hoe mix OTjiaaKii cbohctbo 

TargetSite 

TojIbKO JXJ 1 K 

4TeHH5I 

MethodBase 

Mm 5i MeTO^a, CTaBinero hctohhhkom 

HCKJIIOHeHHH 


npodonoK-enue # 
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Ta6.ni/iua 20.1 ( npoAon>K.eHMe ) 


Cbohctbo 

flocTyn 

Tun 

OnucaHue 

HelpLink 

TojibKO jxjm 

4TeHH5I 

String 

Arpec AOKyMeHTaipiH c imcjiopMaiiHeH 

06 HCKJiioneHioi (Hanpimep, file://C:\ 
MyApp\Help.htm#MyExceptionHelp). 

C toukh 3peHiiH 6e3onacHocTii nojn>30BaTe- 
jih He AOJiacHbi BHAeTt cBeAeHHii o Heo 6 pa- 
6 oTaHHbix iicKjnoneHHHx, noaTOMy AaHHoe 
cbohctbo Ha npaKTHKe ncnojib3yeTCH peAKO 

InnerException 

TojibKO JXJ1K 

4TeHH5I 

Exception 

Ecjih Teicymee HCKJiioneHHe 6 buio B 6 pome- 
ho b xoae o 6 pa 6 oTKii npeAHAymero, yica- 
3biBaeT Ha 3to npeAHAymee HCKjnoneHHe. 
06hhho AaHHoe nojie coAepaciiT 3HaueHiie 
null. Tim Exception coAepaciiT Taxace ot- 
KpbiTbiii MeTOA GetBaseException, npo- 
CMaTpiIBaromilH CBH3aHHbIH cnucoK BHy- 
TpeHHHX HCKJHOUeHHH II B03BpaiUai0IUHH 

caMoe nepBoe 113 hhx 

H Result 

HTeHHe/3a- 

nHCb 

Int32 

32-pa3psiAHoe 3HaneHiie, ncnojib3yeMoe npn 
HHTerpaijHH ynpaBjiaeivtoro KOAa c Mamim- 
HbiM. ElanpiiMep, KorAa cjiymajiiii COM 

API B03Bpaiuai0T koabi oiiih6ok HRESULT, 
CLR reHepupyeT o 6 beKT HCKAio'ieHiw, npo- 
H3BOAHbiii ot Exception, h coxpamieT 3Hane- 
Hiie HRESULT b stom cbohctbc 


XoTejiocb 6bi no/ipooncc noroBopiiTb o AOCTynHOM toamco aam htchhh cbohctbc 
StackTrace KJiacca System.Exception. Bjiok catch MoaceT npouHTaTb ero aah nojiy- 
Heram in[(jxip.viai uin o tom, KaKoii h.vutiiio mcto/i cxaji hctohhiikom mckaiouchhit. 3Ta 
HHcJjopMauHH MoaceT 6biTb BecbMa u,eHHoii aah noiicKa o6beKTa, CTaBinero hctohhiikom 
HCKJuoyeHiiH, h iiocjieAyiomero iicnpaBjieHiiH KO/ia. I Ipn o6pameHim k 3TOMy CBoiicTBy 
Bbi (fjaKTHHCCKH o6pamaeTecb k ico/iv b CLR, i iocico. i i>icy cbohctbo He npocTO B03BpamaeT 
CTpoKy. Ilpn co3AaHioi o6beKTaTima, npoii3BO/i,Horo ot Exception, CBOHCTBy StackTrace 
iipiicisaiiisacTCH .sna'ienin' null. H cootbctctbchho, npn nonbiTKe nponHTaTb cbohctbo 
Bbi nojiyiH.Mii 6bi He peay.'iivrax TpaccupoBKii CTeKa, a null. 

Ilpn noHBJieHiiii ncK. iioMcmiM CLR /ic.iacT 3anncb c yKa3aHiieM MecTa ero bo3hiik- 
HOBeHiiH. Kor/ia o.iok catch nojiytacT riricrio'iemie, CLR 3anncbiBaeT, r;ie u.viemio oho 
6buio o6HapyaceHO. Ecjih BHyTpn 6aoKa catch o6paTHTbca k cbohctbv StackTrace 
o6beKTa, creHepupoBaHHoro npn iiohbachmh iiciciio'iemia, pea./m.3\TOiuiiii sto cboh¬ 
ctbo koa oopaTHTca k CLR, r/ie h 6v;ict co.3/iaiia CTpoKa, co;iep/Kainaa imeHa Bcex 

MeTOAOB OT TOHKH, B KOTOpOH 6bIJIO B6pOmCHO HCKJHOHeHIie, AO TOHKH, TAe OHO 6bIJIO 

iiepcxiia'ieiio. 
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BHMMAHME 

npn no^B/ieHun MCK/noneHnsi CLR oOhiynaeT ero HananbHyio TOHKy. To ecib CLR 3ano- 
MUHaeT TO/ibKO MecTO noflBJieHUH caMoro nocaeflHero ncK/uoneFii/ifl. 

Cnc/iyiomiiii koa reHepupyeT to ace Ficicvno'ieiine, KOTopoe6buio nepexBaneHO, h 3a- 
CTaBJuieT CLR o6HyjniTb naua.ibimo tom icy: 

private void SomeMethod() { 
try { ... } 
catch (Exception e) { 

throw e; // CLR cHMTaeT, hto MCK/imeHne bo3hhk.ho TyT 
// FxCop coo6maeT 06 oum6Ke 

} 

} 

B npoTHBonojioacHOCTb 3T0My, npii noBTopHOM Bbi30Be nepexBaneHHoro hck.iiomchii!-! 
c noMonibio kvhomcboio cjiOBa throw yuanemin 113 CTeKa HH^opMapHH o iia'ia. ii.iioii 
Tonice He npoiicxoflHT. IIpHMep: 

private void SomeMethodQ { 
try { ... } 
catch (Exception e) { 

throw; // CLR He MeHseT nH<j)opMaumo o Hana/ibHOM TOHKe ncK/iH)HeHMfl. 

// FxCop FIE coo6maeT 06 own6Ke 

} 

} 

3th ABa (jipaiMeina KO/ia OTanuaiOTOi TOJibKO TeM, r/ic, no MHerano CLR, 6buio 
crciiepnpoiiano iicic.iioMCime. K co>Ka. : iemno, npn nepBOM hjih noBTopHOM Bbi30Be hc- 
k.iiomciiii a Windows ooiiy./mcT CTeK c HH(f)opMau;HeH o iiaua.Tbiioii Tonice. H b cjiynae 
Heo6pa6oTaHHoro iick./iiomciiii a b cncTeMy c6opa HH(J)opMau:HH 06 omiiOKax Windows 
yxo/LHT CBC/ieiimi o nocae/pieM liopomemiOM HCKJironeHHH, naace ecjin CLR «3HaeT», 
rue HMeHHO oiaao creHepupoBaHO caMoe nepBoe iick.tiomchiic. 3to cepbe3HO ycaoaciiacT 
OTjia/LKy npHJioaceHHH. HeKOTopbiM pa3pa6oTHiiicaM no/Lo6Han CHTyapHa KaaceTcn hcao- 
nycTHMoii, no.Tio.viy ohii Bbi6HpaiOTapyroii cnocod pcaanaaiinn Kona, rapaiiTiipyiomiiii 

IICTHHHOCTb III I (|)0|) Mail, IIII O I K'P liO I la 1 1 a.I Ij 11 () it TOM ICC B03HHKH0BeHHH HCTCTTOHCHI1TT: 

private void SomeMethodQ { 

Boolean trySucceeds = false; 
try { 

trySucceeds = true; 

} 

finally { 

if (ItrySucceeds) { /* KOfl nepexBaTa HCK/iiOHeHHfl */ } 

} 


} 
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CTpoKa, B03BpamaeMaH cbohctbom StackTrace, He mc. no'iacT b cc6m hmcii mctoaob, 

paCIIO./IO>K('lllll)IX B CTCKC BbI30Ba BblHie TOHKH npHHHTHH UCK.IIOHCIIIIH 6iIOKOM Catch. 

J\jin OTCJieacHBaHiia Bcero CTeKa c caMoro Hanajra no MO.vtema o6pa6oTKii ucicno'iemm 
Hcnojib3yHTe ran System. Diagnostics. StackT race. Oh onpe/tejiaeT CBOiicTBa h Me- 
toah, Aaiomyio pa3pa6oTHHKaM B03M0acH0CTb nporpaMMHO ynpaBJiHTb TpaccupoBKofi 
CTeKa h cocTaB./miomn.vin ero Ka/tpaMH. 

CymecTByeT HecKOJibKO KOHCTpyKTopoB, 110.3 bo.aifoihiix nojiyniiTb o6beKT StackT race. 
HeKOTopbie H3 hiix CTpos-rr Ka/tpiii ot Hanajia noTOKa no MOMeHTa iioMii. iemia o6beKTa 
StackTrace. /Ipyrne — iimiiiiia.iii.iiiiiyicn Ka/tpbi oobcicra StackT race, i [epc/iaisaa eMy 
b Kanecrae apry.vteina o6beKT, npou.'siio/uibiii ot rana Exception. 

Ecjih CLR o6HapyaoiBaeT ajih Baunix c6opoK chmisojtmhcckitc iiMeHa OTJia/tKH 
(HaxoAHHtHecH b (Jtaiijiax c pacmupeHiieM pdb), CTpoKa, B03Bpain,aeMan cbohctbom 
S tackTrace o6beKTa System. Exception hjih mctoaom ToString o6beKTa System. 
Diagnostics. StackT race, conepacHT nyTH (jiaii.TOi; ncxo/piom KO/i,a h HOMepa ctpok. 
3Ta HH(J)opMau,HH apeaiibiMaiino nojie3Ha /yin OTaa/uni. 

B pe3ynbTaTax TpaccupoBKii CTeKa moscho ofniapyaanh, mto n.viena HeKOTopbix H3 
BbI3bIBaBHIHXCH MeTOAOB OTCyTCTByiOT. TaKaH CHTyaU,HH MOaCCT B03HIIKHyTb no /usy.vi 
npiim-iHaM. Bo-nepBbix, b ctckc coflepacHTcn niKjiop.Yiamia o tom, icyaa/ lo./ixccii BepHyTb 
ynpaBjieHiie noTOK, a He OTicyaa npoH3om.no oopameiiue. Bo-btophx, JIT-KOMrauniTop 
MoaceT BbinojiHHTb no/i,CTaHOBKy (inline) Kona mctoaob b Bbi3biBaiomHH koa, hto6m h 3- 
6eacaTb cjihutkom 6ojibmoro micna bh30bob, h B03BpamaTb pe3yjibraT Bbi30Ba TOJibKO 
o/pioro MCio/ui. MHorae KOMnujinTopbi (b tom auc./ie C#) npe/iyiaraiOT irepoic. r k>' iaacar 
KOMaH/iHOH CTpoKii /debug. IIpn ero Hcnojib30BaHim KOMmuiHTop BKjnonaeT b pe- 
3yjibTHpyiomyK) c6opKy iii[(j)0|:)Maniiio, aac'iaii./iMiomyio | IT-KOMmuiflTop npeKpaTHTb 
no/i,CTaHOBKy mctoaob. B pe3yjibTaTe TpaccupoBKa cidca c raiimui iCM 6ojiee nojiHoii 
h coAepacaTejibHoii b npopecce OTjia/tKH. 

nPMMEHAHME 

JIT-KOMnnnaTop npoBepneT Ha3HaHeHHbin cbopxe aTpnbyT System.Diagnostics. 
DebuggableAttribute. KoMnn/iaTop C# Ha3HanaeT 3 tot aTpnbyT aBTOMaTi/iHecxu. YcTa- 
HOBKa cjxnara DisableOptimizations 3acTaBnneT JIT-xoMnnnnTop npexpaTnTb noflCTaHOBKy 
MeTOAOB cbopKn. B C# cjwiar ycTaHaBnuBaeTcn nepeK.moHaTe.neM KOMaHflHon CTpoxn 
/debug. ripuMeHUB k MeTony HacTpauBaeMbin aTpubyr System.Runtime.CompilerServices. 
MethodlmplAttribute, bu MOxeTe 3anpeTHTbn0ACTaH0BKy xaxAnn omaAOHHon, Tax n Ann 
pabonen K0H<i>nrypai4nn. Bot npnMep onpeAenem/w MeTOAa, 3anpem,aiou4ero noACTa- 
HOBxy: 

using System; 

using System.Runtime.CompilerServices; 
internal sealed class SomeType { 

[ Met hod Impl (Met hod ImplOpt ions. Noin lining) ] 
public void SomeMethodQ { 

} 

} 
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K/iaccbi HCK/itonem/m, onpeAe/iem-ibie b FCL 

B 6H6jiiiOTeKe KJiaccoB Framework Class Library onpe;i,e. : ieii() miio/iccctho thiiob hc- 
KJiiOHeHiiii (aBJiHiomiixca noTOMKaMii Kjiacca System. Exception). Tnnw, onpenejieHHbie 
b cbopice MSCorLib.dll, ruunocTpupyeT iioKa.'saimaM /puicc nepapxHn; npyrne cbopicii 
co/i,epacaT eme 6ojibiiie thiiob HCKmoHeHiiii (aTa Hepapxmi nojiyneHa npn noMomu npn- 
jioaceHiia, /[cmo 11 crp h py 1011 ic roc a b rjiaBe 23). 

System.Exception 

System.AggregateException 
System.ApplicationException 

System.Reflection.InvalidFilterCriteriaException 
System.Reflection.TargetException 
System.Reflection.TargetInvocationException 
System.Reflection.TargetParameterCountException 
System. Th reading. Wait Hand leCannot BeOpenedExcept ion 
System.Diagnostics.Tracing.EventSourceException 
System.InvalidTimeZoneException 

System.10.IsolatedStorage.IsolatedStorageException 
System.Runtime.CompilerServices.RuntimeWrappedException 
System.SystemException 

System.Threading.AbandonedMutexException 
System.AccessViolationException 
System.Reflection.AmbiguousMatchException 
System.AppDomainUnloadedException 
System.ArgumentException 

System.ArgumentNullException 
System.ArgumentOutOfRangeException 
System.Globalization.CuItureNotFoundException 
System.Text.DecoderFallbackException 
System.DuplicateWaitObjectException 
System.Text.EncoderFallbackException 
System.ArithmeticException 

System.DivideByZeroException 
System.NotFiniteNumberException 
System.OverflowException 
System.ArrayTypeMismatchException 
System.BadlmageFormatException 
System.CannotUnloadAppDomainException 
System.ContextMarshalException 

System.Security.Cryptography.CryptographicException 

System.Security.Cryptography.CryptographicUnexpectedOperationException 
System.DataMisalignedException 
System.ExecutionEngineException 
System.Runtime.InteropServices.ExternalException 
System.Runtime.InteropServices.COMException 
System.Runtime.InteropServices.SEHException 
System.FormatException 

System.Reflection.CustomAttributeFormatException 
System.Security.HostProtectionException 


npodojioK.euue # 
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System.Security.Principal.IdentityNotMappedException 
System.IndexOutOfRangeException 
System.InsufficientExecutionStackException 
System.InvalidCastException 

System.Runtime.InteropServices.InvalidComObjectException 
System.Runtime.InteropServices.InvalidOleVariantTypeException 
System.InvalidOperationException 
System.ObjectDisposedException 
System.InvalidProgramException 
System.10.IOException 

System.10.DirectoryNotFoundException 
System.10.DriveNotFoundException 
System.10.EndOfStreamException 
System.10.FileLoadException 
System.10.FileNotFoundException 
System.10.PathTooLongException 
System.Collections.Generic.KeyNotFoundException 
System.Runtime.InteropServices.MarshalDirectiveException 
System.MemberAccessException 
System.FieldAccessException 
System.MethodAccessException 
System.MissingMemberException 
System.MissingFieldException 
System.MissingMethodException 
System.Resources.MissingManifestResourceException 
System.Resources.MissingSatelliteAssemblyException 
System.MulticastNotSupportedException 
System.NotImplementedException 
System.NotSupportedException 

System.PlatformNotSupportedException 
System.NullReferenceException 
System.OperationCanceledException 

System.Threading.Tasks.TaskCanceledException 
System.OutOfMemoryException 

System.InsufficientMemoryException 
System.Security.Policy.PolicyException 
System.RankException 

System.Reflection.ReflectionTypeLoadException 
System.Runtime.Remoting.RemotingException 

System. Runtime. Remoting. Remot ingTimeout Except ion 
System.Runtime.InteropServices.SafeArrayRankMismatchException 
System.Runtime.InteropServices.SafeArrayTypeMismatchException 
System.Security.SecurityException 
System.Threading.SernaphoreFullException 
System.Runtime.Serialization.SerializationException 
System.Runtime.Remoting.ServerException 
System.StackOverflowException 
System.Threading.SynchronizationLockException 
System.Threading.ThreadAbortException 
System.Threading.ThreadInterruptedException 
System.Threading.ThreadStartException 
System.Threading.ThreadStateException 
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System.TimeoutException 

System.TypelnitializationException 

System.TypeLoadException 

System.DllNotFoundException 
System.EntryPointNotFoundException 
System.TypeAccessException 
System.TypeUnloadedException 
System.UnauthorizedAccessException 

System. Security. AccessControl. PrivilegeNot Fie Id Except ion 
System.Security.VerificationException 
System.Security.XmlSyntaxException 
System.Threading.Tasks.TaskSchedulerException 
System.TimeZoneNotFoundException 

CneiiiiajmcTbi Microsoft xoTejm c achat p, ran System. Exception 6a30BbiM aah 
Bcex HCKJironeHHH, a aha Apyrux rana, System.SystemException h System.Applica- 
tionException, CTajin 6bi ero ii(‘iiocpe;i,C'meimi)iMii noTOMKaMH. KpoMe Toro, hckjiio- 
hcffhh, B6pomeHHbie CLR, crajm 6bi npoii3BOAHbiMii ot rana SystemException, b to 
B peMH KaK nckviio'iemiH, iioamimiinecM b npruioacerainx, aoaachm 6bum p racjie/LOnaa f> 
ot ApplicationException. 3 to Aano 6bi B03M05KH0CTb HaraicaTb 6 jiok catch, nepe- 
xBaTbiBaponpmi KaK bcc CLR-iicKmoneHiia, TaK h Bee hcfctfomctihm npruioacemuT. 

Oaiiako Ha npaKraKe 3 to npaBiuio coo.Tio/pacTca He nojmocTbio; HeKOTopbie iic- 
KjnoneHHH hbjihiotch npHMbiMH noTOMKaMii rana Exception (IsolatedStorage- 
Exception), HeKOTopbie C LR-iickafohcfffpm HacAeAyiOT ot rana ApplicationException 
(TangetlnvocationException), a HeKOTopbie hcfctfohcffhh npiMoacemiH — ot rana 
SystemException (FonmatException). H3-3a stoh nyTaHim,bi ranbi SystemException 
h ApplicationException He HecyT HiiKaKoii oco6oii CMbicjiOBOii Harpy3KH. B iiacToaince 
BpeMH b Microsoft iio/pyMPaisaiOT BOo6irpey6paTb hx 113 iiepapxiniKJiaccoB HCKJHoneHHH, 
HO 3TO ll(MH)3M0/l\TI0, TaK KaK P11)PT I5C/P,C‘T K HapyUieHIIIO pa6oTbI y>KC HMCIOinilXCa npn- 
JIOHCeHIIH, B KOTOpbIX IICnOJIb3yiOTCH 3TH KJiaCCbl. 


reHepMpoeaHMe HCK/iionem/m 

IIpii pea.T ii3aii,ii 11 CBoero Mero/pa cacavct creHepiipoBaTb iktc.tio'iciiiic, cc.t 11 mctoa He 
b cocTOHHHii peiHHTb i! 03 ».T 0 /Keiiii\T 0 Ha Hero aaAa'iy. npn 3tom iicooxo/pumo ymiTbiBaTb 
ABa cjiaKTopa. 

Bo-nepBbix, cacavct noHHTb, k KaKOMy p 11 )o 11 ;:jp s 0 / 1 ,n 0 m y ot rana Exception rany 
6yaeT OTHOCiiTbCHBarne iiCkvnoTcmic. Bbi6npaTb cacavct ocmotphtc.ti.iio, I lo/tyMaifrc 
O TOM, K3KHM o6pa30M KOA, paCHOAOACeHHblH BblHie no CTCKy BbI30B0B, CMOACeT nOAynaTb 
iiii())0|)Maii,ii 10 o iieyAaTiioii pa6oTe MeTOAa, 'itoof.i BbinojimiTb iioccTAiioiiiiTCAi.iii.ic 
oneparpiiH. Moacho B0cn0Jib30BaTbCH aah stoh i pe.T 11 oahhm 113 thhob, oiipcACACimi.ix 
b FCL, ho mo/KCt 0Ka3aTbCH h TaK, 'iTO TaM noKa OTcyTCTByeT noAxoAHmiiii Tim. B Ta- 
kom c.Ty'iae BaM noTpe6yeTCH oiipcACAirn, co6cTBeHHbiii Tim, npoii3BOAHbm ot iCTacca 
System.Exception. 
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Ecjih bm co6npac'['CCb C03/U1Tp, Hepapxmo hckjiiohchhh, iiocTapai'ncci), 'no6bi OHa 
co/tcp>Ka./ia KaK moscho MeHbine 6a30Bbix KJiaccoB. /Jejio b tom, hto 6a30Bbie KJiaccbi 
saaacTyio o6pa6aTbiBaiOT HecKOJibKO oni hook no o/ihhm ripaiui.'iavt, a 3 to mo>kct 6biTb 
onacHO. CooTBeTCTBeHHO, nnKor/ip He cae/iycT co.iAanaxb o6beKTbi System. Exception 
h iscerxa iiv>ktio coo aio/ixt b MaKCHMajibHyio ocTopoacHoerb npn rc h cpnpoBannn hc- 
K. iioaemiii 6a30Bbix KJiaccoB 1 . 

BHMMAHME 

B flaHHOM caynae npnxoAHTca TaKxe nMeTb Aeao c orpaHnneHnaMn, CB33aHHbiMn 
c noAAepxKoti BepcnCi. Ecan onpeAeanTb HOBbm Tun ncKmoneHHa xax npon3BOAHbin ot 
cymecTByiOLAero, koa, nepexBaTbiBaBLunn ncKaioneHna CTaporo Tuna, 6yAeT paOoTaTb n 
c HOBbiM TnnoM. B HexoTopbixcueHapnaxTaKoe noBeAeHi/ie TpeOyeTcn, b APyrnx— Hex 
Becb Bonpoc b tom, KaxnM o6pa30 M koa, nepexBaTbiBaiOLAi/m ncKaioneHna 6a30Boro 
xaacca, pearnpyeTHa™n ncKaioneHna n npon3BOAHbieoT HeroTnnw. He oxnAaBLun£i no- 
aBaeHna HOBbixTnnoB koa MOxeT noBecTn ce6a HenpeACKa3yeMO n Aaxe CTaTb npnnnHon 
6pei±in b cncTeMe 6e3onacHOc™. OnpeAeamoiAnn HOBbin Tnn ncKaiOHeHna nporpaMMncT 
He MOxeT 3HaTb Bcex MecT, b kotopwx OKaxeTca nepexBaneHHoe 6a30Boe HCKaiOHeHne. 
He ocBeAOMaeH oh h o cnocoOaxero o6pa6oTKn. noaTOMy npnH8Tb0AH03HaHH0 BepHoe 
pemeHHe b noAoOHon cnTyapnn, yBbi, HeB03M0XH0. 


Bo-btophx, CJicaycT penniTb, KaKoe CTpoKOBoe coo 6 meHiie aojdkho 6 biTb i icpe/pn 10 
KOHCTpyKTopy lieK. iio'iemiM. Ieiicpii|)()isaime iicK. noaeiiiui aojijkho conpoBOKAaTbCH 
iioxpoonoii iii[())opManneH o tom, noae.viy mcto/i, He cmot peniHTb cboio aaxany. 1 Ipii 06 - 
pa 6 oTKe nepexBaneHHoro iicK. iioaeima axo coo 6 meHiieocTaeTca nemi;i,nMbiM. C xpymii 
CTopoHbi, ecjni HCK.Tioacime ocxaiieTCM Heo 6 pa 6 oTaHHbiM, oho c 6 ojibmoii isepos-rmocTbio 
oypCT 3aperncTpHpoBaHO b acypHajie. Heo 6 pa 6 oTaHHoe hc iciio'ienne CBHAeTexbCTByeT 
O HajlMHMH B ll|)H.TO>KCimH ACfjieKTa, 06 HCKOpeHeHHH KOTOpOTO AOJiaCeH n03a6oTHTbCH 
paapafiOTMHK. Konenibienojib30BaTejniHe iimciotxoctvi ia k ncxo/uio.viy Koay h HeMoryT 
nepeKOMraumpoBaTb nporpaMMy. CooTBeTCTBeHHO, He bhaht ohii h xaimom coo 6 me- 
htih, i iootomv xyxa mo5kho BKjnoHaTb Bcio Texmi'iecKy io m [(jiop.Yiami io, neo 6 xo/[,nMy 10 
AJia ycipaiKTiHM Accjieicra. 

Eojiee toto, TaK KaK Bee pa3pa6oTHiiKii aoajkhm noHiiMaTb aHrjiHHCKHH h3mk 
( ne/ip, h3hkh nporpaMMHpoBaHHH, a TaKace FCL-KJiaccbi h FCE-MeTOAbi HanucaHbi Ha 
aHTJIHHCKOM), He HMeeT CMbICJia JI0KajIH30BbIBaTb TeKCT COOOIIUTIIOI. BnpoaeM, eCJIH 
Bbi coaxac-TC 6n6jmoTeKy KJiaccoB a.th pa3pa6oTHHKOB, roBopamiix Ha apynix aabiiaix, 
hiihto He 3anpemaeT BbinoxHiiTb jioKajiH3aH,nio. 14 mci mo no aioii iipiiaiiiie Microsoft 
jioKajiii3yeT coo6ineima iicicjiroaciiHH, rcncpiipye.vibix FCF. 


1 Knacc System. Exception cjieAOBano 6 bi oOmbhtb aOcTpaKTHbiM, hto 6 h koa, KOTopbift miTa- 
eTca creHepupoBaTb ero, Aaxe He KOMniiAHpoBancH. 
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Co3AaHue K/iaccoB ncK/itonem/m 

K co/ica. : iciiiiio, 11po1te/typa C03/iaHii>T KJiaccoB hckjttohciwh Tpyaoe.Yiica h 'lacra conpo- 

Boac/i,aeTCJi oinn6KaMii. JXeno b tom, tio Bee THnbi, ri ])o h3ho,u i i>ic ot THna Exception, 

aOJOKHbl IIMCTb B03M05KH0CTb CepiiajIII30BaTbCH, a 3TO O3HaHa0T, HTO OHII HC MOiyT BbIHTH 

3a rpaiiiiuiii ao.viena npunoacemiH h hx i[('. ii>3m 3amicbiBaTb b acypHaji hjiit 6a3y /pumi.ix. 

BnjioacM, oco6eHHOCTH ccpiTajuT3anww pacc.viaT|:)iiiiai()Tca b rjiaBe 24, a noKa /uih npo- 

CTOTbi a C03Aaai o6o6meHHbiii KJiacc Exception<TExceptionArgs>: 

[Serializable] 

public sealed class Exception<TExceptionArgs> : Exception, ISerializable 

where TExceptionArgs : ExceptionArgs { 

private const String c_args = "Args"; // flyia (fle)cepna.nM3aLiMu 
private readonly TExceptionArgs m_args; 

public TExceptionArgs Args { get { return m_args; } } 

public Exception(String message = null. Exception innerException = null) 

: this(null, message, innerException) { } 

public Exception(TExceptionArgs args. String message = null. 

Exception innerException = null): base(message, innerException) { 
m _args = args; } 

// KoHCTpyKTop ana flecepuaau3aunu; Tax xax K/iacc 3aneHaTaH, KOHCTpyKTop 
// 3axpbiT. flna HesanenaTaHHoro K/iacca KOHCTpyKTop AO/iweH 6biTb 3amumeHHbiM 
[SecurityPermission(SecurityAction.LinkDemand, 

Flags=SecurityPermissionFlag.SerializationFormatter)] 
private Exception(SerializationInfo info, StreamingContext context) 

: base(info, context) { 
m_args = (TExceptionArgs)info.GetValue( 
c_args, typeof(TExceptionArgs)); 

} 

// MeTOfl aaa cepnaAM3auuu; oh otkpnt M3-3a MHTep<|)eiica ISerializable 
[SecurityPermission(SecurityAction.LinkDemand, 

Flags=SecurityPermissionFlag.SerializationFormatter)] 
public override void GetObjectData( 

Serializationlnfo info, StreamingContext context) { 
info.AddValue(c_args, m_args); 
base.GetObjectData(info, context); 

} 

public override String Message { 
get { 

String baseMsg = base.Message; 

return (m_args == null) ? baseMsg : baseMsg + " (" + m_args.Message + ")"; 

} 

} 

npodojimenue & 
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public override Boolean Equals(Object obj) { 

Exception<TExceptionArgs> other = obj as Exception<TExceptionArgs>; 
if (obj == null) return false; 

return Object.Equals(m_args, other.m_args) && base.Equals(obj); 

} 

public override int GetHashCode() { return base.GetHashCodeQ; } 

} 

OneHb npocT h 6a30Bbiti Kjiacc ExceptionArgs, kotophm orpamiHiiBaeTCH KJiacc 
TExceptionArgs. Bot KaK oh BbirjiHAHT; 

[Serializable] 

public abstract class ExceptionArgs { 

public virtual String Message { get { return String.Empty; } } 

} 


Hmch 3th usa Kiiacca, h Mory jierKO onpeACAHTb ;i,oii(). : imiTC. : ii)iii,ic KJiaccbi iickviiomc- 
hhh. CKaaceM, Tim iicKjiiOHeHiiH, yKa3biBaiomiiH Ha HexBaTKy cbo6oahoto npocTpaHCTBa 
Ha AHCKe, MoaceT BbirjiHAeTb TaK: 

[Serializable] 

public sealed class DiskFullExceptionArgs : ExceptionArgs { 
private readonly String m_diskpath; // 3aKpbuoe none, 3aAaeTcfl 

// BO BpeMH C03flaHMB 

public DiskFullExceptionArgs(String diskpath) { m_diskpath = diskpath; } 

// OTKpbuoe npeflHa3HaMeHHoe TO/ibKO p,n» HTeHina cbomctbo, 

// KOTopoe B03BpainaeT none 

public String DiskPath { get { return m_diskpath; } } 

// nepeonpeae/iemne cBoiicTBa Message ana BicmoHeHMfl b Hero Harnero nona 
public override String Message { 
get { 

return (m_diskpath == null) ? base.Message : "DiskPath=" + m_diskpath; 

} 

} 

} 

H eCJIH B 3TOT Kjiacc He II V'/KTIO BKJHOHaTb AOnOJIHIITejIbHbie AaHHbie, OH Oy/tCT Bbl- 
rjiHAeTb COBC6M npocTo: 

[Serializable] 

public sealed class DiskFullExceptionArgs : ExceptionArgs { } 

Tenepb moacho HanucaTb koa, I'cnepnpyioiunii h nepexBaTbmaiomiiH TaKoe hckjho- 
hciihc: 

public static void TextExceptionQ { 
try { 

throw new Exception<DiskFullExceptionArgs>( 

new DiskFullExceptionArgs(@"C:\")j "The disk is full"); 
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} 

catch (Exception<DiskFullExceptionArgs> e) { 
Console.WriteLine(e.Message); 

} 


nPMMEHAHME 

Xoieaocb 6bi CAetiaTb napy 3aMeHaHnfi no noBOAy Kxacca Exception<TExceptionArgs>. 
Bo-nepBbix, /no6oPi onpeAeneHHbin c ero noMombio Tun ncK/noHeHnn 6yAeT npon3BOAHbiM 
ot System.Exception. 3to He npo6/ieMa axh Oo/ibLunHCTBacueHapneB, 6oneeToro, Aa>Ke 
npeAnoHTMTenbHO ncnonb30BaTb wnpoKyio nepapxmoTnnoB. Bo-BTopbix, b AnanoroBOM 
OKHe, nonB/iaiOLAeMcn b Visual Studio npn Ha/iHHnn Heo6pa6oTaHHbix ncK.ni04eHHH, He 
OTodpaxaeTCfl napaMeTp oSoOmeHHoro Tuna Exception<T>, KaK noKa3aHO na c/ieAyio- 
LueM pMcyHKe. 



npOflyKTMBHOCTb BMeCTO Hafle>KHOCTI1 

A nana/i 3aHHMaTbca nporpaMMupoBamieM b 1975 roAy. HamicaB H3paAHoe koahhcctbo 
nporpaMMHa m3i>ikc BASIC, aaaHHTcpccoiia.icn annapaTHbiM oficcncncimcM h nepemcA 
HaH3biK acce.\«5jiepa. Eme ncpc.3 HeKOTopoe Bpe.via a nc|X'K;uo'in./ica HaH3biK C, xaiomnii 
AOCTyn k annapaTHOMy ofiecnc'ienmo Ha oo.'ice bhcokom ypoBHe a6cTpaKH,iiH h o6.;icr- 
aaiomiiii nporpaMMiipoBaHiie. H micaa koa Aaa onepauiiOHHbix chctcm, Aaa naaTcjtopM, 
Aaa 6ii6;uiotck. H BcerAa CTapaaca CAeaaTb cboh koa no bo3moachocth KOMnaKTHbiM 
h 6biCTpbiM, noTOMy tio A-1a xopomefi pa6oTbi npimoaceHiia KanccTiicnuiiiM aoaacho 
6biTb He TOJibKO caMO npHAoaceHHe, ho h Hcnoab3yeMbie iim onepau,HOHHaa CHCTeMa 
h 6ii6;niOTeiai. 

Taioice BHHMaTeabHO a OTHOCnaca k isoccTanoisaeimio nocae ohiii6ok. Bbmeaaa naMaTb 
(npn noMontH onepaTopa new b C++ hah mctoaob malloc, HeapAlloc, VintualAlloc 
h t. n.), a BcerAa npoBepaa B03BpamaeMoe .sna'ieime, aTo6bi y6eAHTbca, tio naMATH 
AeHCTBHTeabHO xBaTaeT. IIpn HeyAOBAeTBopiiTeabHOM pe3yAbTaTe 3anpoca a nporpaM- 
MiipoBaa o6xoahoh nyTb, rapamaipya, tio cocaoamie ocTaabHoii uacrn nporpaMMbi 
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oc raiicioi He3aTpoHyTbiM h uto Bbi3biBaK>man CTopoHa iiouv'iut coo 6 memie 06 omn 6 Ke 
h c.yiokct npiiHHTb .vtepbi no ee ncnpaBjieHH 10 . 

IIo KaKOH-TO iicoo'bi-iriiHMoii iipimiTHC npn HanncaHHii ico/ia .NET Framework 
MHorne nporpaMMHCTbiHe npaKTiiKyiOT no/i,ofiiibiii ilo/txo/p BepoHTHOCTbCTOjiKHyTbca 
c HexBaTKofi na.vun h cymecTByeT Bcerna, ho h npaKTHuecKii miicor/ta He bn>icy 6jiok 
catch c koaom bocciaiioii.ieiiiia rloc./rc hcic. iio'iemui OutOfMemoryException. Bonee 
Toro, MHe bcipc'ia./mcb paapaooT'iiiKii, yTBepscuaBimie, tio CLR He iio.biso.thct npo- 
rpaMMaM nepexBaTbiBaTb sto HCb. iioaeiine. I-kiay.viccTCH, sto nenpais/i,a. HacaMOMnejie 
npn BbinojiHeHiiii ynpaBjuieMoro Kona bosmohchm paa.inaiibic oihh6kh, ho h cine He 
CTajiKHBajiCH c paapaooT'fiiKa.vin, KOTopbie micajni 6 bi koa /yra i!OCCTaii()ii. iemia rioc./rc 
iioieiimia. ibiibix c6ocb. B stom paa/iyac mh noroBopriM KaK pa3 o TaKiix cooax. Araioicc 
o tom, no'ie.viy cnriac iCH nonycraMbiM iiraopupoBaTb TaKne CHTyarum. KpoMe Toro, 
h omimy HecKOJibKO npo 6 jieM, KOTopbie MoryT B03HHKHyTb, ecjm hc o 6 pamaTb BHiiMaHim 
Ha 3th c6oh, h i ipc/uiO/Ky nyTH peineiina. 

06beKTHO-opHeHTiipoBaHHoe nporpaMMiipoBaHiie no3BOJiHeT no6iiTbCH ot pa3- 
paooT'inKoi! BbicoKofi nponyKTHBHOcra. Mapa/oiaa 3acjiyra TyT iiiiima/uiOKHT KOMno- 
3im,iiOHHbiM y/i,o6cTBaM, o6jierHaiorttHM HanucaHiie, HTeHiie h penaKTHpoBaHiie Kona. 
HanpriMep, paccMOTpHM CTpoKy: 

Boolean f = "Deff".Substring(l, 1).ToUpper().EndsWith("E"); 

BionoHaH b nporpaMMy TaKyio HHCTpyKipno, pa3pa6oTHinc neriaeT BaacHoe nonymemie 
o tom, hto ee BbinojiHeHiie npoHneT 6e3 oihii6ok. Oanaico oihii6kii isno.iiie B03MoacHbi, h 
HaM HyaceH cnoco 6 6 opb 6 bi c hiimh. /],jih stoto ii cymecTByiOT KOHCTpyKTopw h MexaHH3- 
Mbi o 6 pa 6 oTKH HCKJiiOHeHHH, ais.iaiomiieca a.TbTcpiiaTiiboii mcto/uim h3 Win32 h COM, 
B03BpamaiomHM 3HaueHiie true hjih f alse b 3aBiiCHMOCTii ot pe3yjibTaTa CBoeii pa 6 oTbi. 

1 Ipo/pyicnimiocTb pa3pa6oTKH /tocmrae'i'oi He TOJibKO Sjiaronapn KOMno3im,iiOH- 
HOCTH Kona, HO H 6,Tai'0/l,api-l HeKOTOpbIM B03M0HCH0CTHM K()MIII 1 ./IMTO|)()ll. B 'laCTIIOCTH, 
KOMniijiHTop cnoco6eH neamio: 

□ BCTaBjiHTb b Bbi3biBaeMbiH mcto/i, i leooaaaTe.T i>i ice napaMeTpbi; 

□ ynaKOBbrnaTb 3K3C.vni.TM|)bi ;iiia'iu.vioi'o THna; 

□ coa/piisaTb h HHimHajiH3HpoBaTb MaccriBbi napaMeTpoB; 

□ CBH3biBaTbCH c 't.Tena.vin ah iia.viu'lccioix nepeMeHHbix h BbipaaceHiiii; 

□ CBH3bIBaTbCH C MCTO/plMbl paC 11 IlipCI IIIM | 

□ CBH3bIBaTbCH C 11 CpC rp) \ r >Kf 1111 bl .VT IT OnepaTOpaMH H BbI3bIBaTb HX; 

□ co3AaBaTb neiieraTbi; 

□ aBTOMaTHnecKii onpeneuHTb run npn Bbi30Be o6o6meHHbix mctoaois, o6i>ai is.icm i it ii 
jioKanbHbix nepeMeHHbix h iiciioxi b.ioimiinu ji a,\i6/i,a-islapaaiceiiuii; 

□ onpenejiHTb h coanaisaib KJiaccbi 3aMbiKaHiiii (closure) jyisi .a axio/ia- bh pa>i(e11 ii ii 
h HTepaTopoB; 

□ onpenejinTb, coa/pusaTb h HHiin,iiajiii3iipoBaTb aHOHHMHbie THnbi h hx 3K3C.viii.Ta|)i)i; 
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□ imca i P) koa iioAAcp'/Kioi LINQ (Language Integrated Queries). 

JX a h CLR ACJiacr MHoroe/yui od/icr'ieiniM ach3hii nporpaMMHCTOB. K npiiMepy, CLR 
yMeeT iieaisno: 

□ BbI3bIBaTb BHpTyaJIbHbie H l1IITCp<))Ci ; iCI[blC MeTOAbi; 

□ 3arpyacaTb cdopicii h JIT-KOMmiAiipyeMbie mctoabi, KOTopbie MoryT CTaTb nc- 
touhhkom HCKAioueHHH FileLoadException, BadlmageFormatException, 
InvalidProgramException, FieldAccessException, MethodAccess Exception, 
MissingFieldException, MissingMethodException hV enificationException; 

□ nepeceicaTb rpaimubi AOMeHa npnAoaceHHH aah AOCTyna k odbeKTaM Tnna, npori3- 
BOAHoro ot ManshalByRefObject, KOTopbie MoryT CTaTb iictohhiikom ncKAioueHHfl 

AppDomainUnloadedException; 

□ cepnaAH30BaTb h AecepnaAH30BaTb odbeKTbi npn nepeceueHim rpamin, AOMeHa 
npHAoaceHHii; 

□ 3acTaBAHTb noTOK reHepupoBaTb iiCKMio'ieiiiie ThreadAbortException npn Bbi30Be 
MeTOAOB Thread.Abort nAppDomain.Unload; 

□ Bbi3biBaTb MeTOAbi Finalize, UTodbi cdopmuK Mycopa ao ocBodoacAemra ipa.vunH 
odneKTa BbinojiHiiJi 3aBepmaioruHe oiicpauiiii; 

□ C03AaBaTb Tnnbi b Kyue 3arpy3UHKa npn padoTe c ododrueHHbiMH ranaMn; 

□ BbI3bIBaTb CTaTHUeCKHH KOHCTpyKTOp THna, KOTOpblii MO>ICCT CTaTb HCTOUHIIKOM HC- 
KjnoueHiiH TypelnitializationException; 

□ reHepupoBaTb pa3AiiuHbie HCKmouemiH, b tom uriCAe OutOfMemoryException, 
DivideByZeroException,NullReferenceException, RuntimeWrappedException, 
Target In vocation Except ion, OverfloiA/Exception, Not FiniteNumber Exception, 
ArrayTypeMismatchException, DataMisalignedException, IndexOutOfRange- 
Exception,InvalidCastException,RankException,SecurityException h MHonie 
Apyruc. 

H, pa3yMeeTcn, .NET Framework iioc i aii. i!>ie'iCM c odmiipHon d 11 d./i n ot c 1 ktp ii ioiac- 
cob, coAepacamux acchtkh Tbicau nmoB, KaacAbiii H3 KOTopbix noAAepacnBaeT odmyio, 
MHoroKpaTHO iicnojib3yeMyio (J)yHKn,iiOHaAbHOCTb. MHome H3 sthx TnnoB npeAHa- 
;iipa>p(‘i[i.i aah C03AaHHH iscd- pi])pi. po>kcippi ii, Bed-CAyacd, npHAoaceHHH c pacmupeHHbiM 
nojib30BaTeAbCKiiM nHTepc^eiicoM, npHAoaceHHH aah padoTbi c CHCTeMoii de3onacHOCTH, 
Aah ynpaBAemin H3odpa»ceHHHMH, aah paciioaiiaisaiina pcm — stot ctphcok moacho 
np o ao a AcaTb dccKoiie'iiio. H jnodan uacTb koaa sthx p p]) pijioxcci p it ii mo/KCt CTaTb hctou- 
hiikom onnidiai. B c. : ie/i,yioiniix licpciiMx MoryT noHBiiTbcn HOBbie Tnnbi hckjipouctthh, 
HacAeAyroiune ot y>ice cymecTByioiunx. H Bamn dAOKii catch ipa'iiiyr nepexBaTbiBaTb 
ncKAioueHHH, o KOTopbix paHbme n He noA03peBajin. 

Bee 3 to BMecTe — odbeKTHO-opneHTiipoBaHHoe nporpaMMnpoBaHiie, cpeACTBa kom- 
nnAHTopa, cJiymcruiOHajibHOCTb CLR n rpaHAH03HaH dudjiiioiCKa KAaccoB — acaaiot 
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.NET Framework CTOJib npiiBjieKaTejibHoii ruiaTcjmpMOH /yia pa3pa6oTKii nporpaMMHoro 
o6eciiCMeiiiiM Ho h xouy CKa3aTb, 'no Bee sto hb.ihctch i[O icimiia. ii ) m ) iM hctohhiikom 
oihpi6ok, KOTopbie Mbi iipainii'ieciai He mo>kcm KOHTpojnipoBaTb. noKa nporpaMMa 
pa6oTaeT, Bee xopomo: mm jierKO n h iiicm koh, KOTopbifi Taioice jierKO 'iiriae'ica h pe- 
AaKTHpyeTCH. Ho KaK TOJibKO cjiy'iacicri c6ofi, OKa3biBaeTCH, hto noHHTb, rue hmciiiio 
npoii30iruia om noi/a h b 'icm ee npimriHa, npaKTHnecKii ik'iso./smo/ktio. Bot npriMep, 
ii;i. ; iiocTpn|)yioiuiiii CKa 3 aHHoe: 

private static Object OneStatement(Stream stream, Char charToFind) { 
return (charToFind + " + stream.GetType() + String.Empty 

+ (stream.Position + 512M)) 

.Where(c=>c == charToFind) .ToArrayQ; 

} 


3tot HeMHoro HeecTecTBeHHbrii mcto jx co/tepatHT Bcero 0/1,1 iv iniCTpyKHiiio Ha C#, 
ho 3Ta iiHCTpyKu,i«i pemaeT cpa3y HecKO/ibKO aa/yi. Bot 11 .- 1/0/1,, creHepupoBaHHbifi 
KOMnruiHTopoM C# /t/m 3Toro mcto/pi (MecTa noTeHiinajibHbix c6oeB, o6ycjiOBJieHHbie 
HeHBHO BbinojiHHeMbiMii onepaiiHHMii, Bbi/i,ejieHbi no/iyacupHbiM mpucjiTOM): 


.method private hidebysig static object OneStatement( 

class [mscorlib]System.10.Stream stream, char charToFind) cil managed { 
.maxstack 4 
.locals init ( 

[0] class Program/oc_DisplayClassl V_0, 

[1] object[] V_l) 

IL_0000: newobj instance void Program/oc_DisplayClassl:: .ctor() 

IL_0005: stloc.0 
IL_0006: ldloc.0 
IL_0007: ldarg.l 

IL_0@08: stfld char Program/oc_DisplayClassl::charToFind 

IL_0@0d: ldc.i4.5 

IL_000e: newarr [mscorlib]System.Object 

IL_0013: stloc.l 

IL_0014: ldloc.l 

IL_0015: ldc.i4.0 

IL_0016: ldloc.0 

IL_0@17: ldfld char Program/oc_DisplayClassl::charToFind 

IL_001c: box [mscorlib]System.Char 

IL_0@21: stelem.ref 

IL_0022: ldloc.l 

IL_0023: ldc.i4.1 

IL_0@24: ldstr " 

IL_0029: stelem.ref 
IL_002a: ldloc.l 
IL 002b: ldc.i4.2 


1 MHe cjieaoBajio CKa3arb, hto cm/ib npuBjieKaTejibHoii jxjih pa3pa6oTHHKOB njiaTcjpopiviy /penaioT 
eme h pe/paKTop Visual Studio, MexaHH3M IntelliSense, B03M0XH0CTb padoTbi c (kpameHTaMH KO/ia, 
mad/ioHbi, pacunipaeMocTb, oTjianuiK h MHoroe npyroe. Ho a Bbmec 3 to 3a npe/ie/ibi ochobhoto 
odcyxc/ieHHH, tax KaK 3 th cpencTBa He bjihhiot Ha noBeneHiie Kona bo BpeMH Bbino/iHeHiia. 
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IL_002c: ldang.0 
IL 002d: 


callvirt instance class [mscorlib]System.Type [mscorlib]System.Object::GetType() 


IL_0032: 
IL_0033: 
IL_0034: 
IL_0035: 
IL_003a: 
IL_0@3b: 
IL_0@3c: 
IL_003d: 
IL_003e: 
IL_0043: 

IL_0048: 

IL_004d: 
IL 0052: 


stelem.ref 
ldloc.l 
ldc.i4.3 

ldsfld string [mscorlib]System.String::Empty 

stelem.ref 

ldloc.l 

ldc.i4.4 

ldarg.0 

callvirt instance int64 [mscorlib]System.10.Stream::get_Position() 

call valuetype [mscorlib]System.Decimal 

[mscorlib]System.Decimal::op_Implicit(int64) 

ldc.i4 0x200 

newobj instance void [mscorlib]System.Decimal::.ctor(int32) 

call valuetype [mscorlib]System.Decimal [mscorlib]System.Decimal:: 

opAddition 


(valuetype [mscorlib]System.Decimal, 
valuetype [mscorlib]System.Decimal) 

IL_0057: box [mscorlib]System.Decimal 

IL_005c: stelem.ref 
IL_005d: ldloc.l 

IL_005e: call string [mscorlib]System.String::Concat(object[]) 

IL_0063: ldloc.0 

IL_0064: ldftn instance bool Program/oc_DisplayClassl:: <OneStatement>b_0(char) 

IL_006a: newobj instance 

void [mscorlib]System.Func'2<char, bool>::.ctor(object, native int) 
IL_006f: call class [mscorlib]System.Collections.Generic.IEnumerable'1<!!0> 

[System.Core]System.Linq.Enumerable::Where<char>( 

class [mscorlib]System.Collections.Generic.IEnumerable'1<!!0>, 

class [mscorlib]System.Func'2<!!0, bool>) 

IL_0074: call !!0[] [System.Core]System.Linq.Enumerable::ToArray<char> 

(class [mscorlib]System.Collections.Generic.IEnumerable'1<!!0>) 

IL 0079: ret 


} 


KaK i:h/(htc, HCK.iiOMCiiiic OutOfMemoryException MoaceT 6biTb creHepiipoBaHO 

b npoiiecce C03naHiiH Kjiacca <>c_DisplayClassl (Tim reHepupyeTca KOMnmiHTopoM), 

Maccima Object [ ] ,aejicra'ia Func, aTaioicenpn ynaKOBKe thiiob chan n Decimal. BHy- 
TpeHHee BbmejieHiie naMHTii nponcxoniiT npn Bbi30Be mctoaob Concat, Where ii ToArray. 
Co3naHiie 3K3eMnjiapoB Tima Decimal MoaceT conpoBoacnaTbca bm30bom KOHCTpyKTopa 
3Toro Tima, ato MoaceT CTaTb npnmiiioH HCKjiiO'ieHiiH TypelnitializationException 1 . 
3aTeM HeuBHO Bbi3biBaiOTCH onepaTopHbie MeTOAbi op_Implicit h op_Addition Tima 
Decimal, KOTopbie MoryT neaaTb tio yro/pio, b tom t iic.ic h reHepiipoBaTb uckmiotciiuo 
OvenflowException. 


1 KcTaTH, KOHCTpyKTopbi KJiaccoB fljiH thiiob System.Char, System.String, System.Type 
ii System.IO. Stream b 3tom npiuioaceHini Taxace MoryT CTaTb npiiHiiHoii iicKJiiOHeHHH 
TypelnitializationException, npimeM npn aHajiorimHbix obcTOHTejibCTBax. 
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Hmepec 'raiOKC npeACTaBAneT o 6 pamemie k cbohctby Position Kjiacca Stream. 
HaHHeM c Toro, hto sto BiipTyajibHoe cbohctbo, nosTOMy mctoa OneStatement He 
«3HaeT», xaxoii xoa HacaMOM aejie cacavct BbinoAHflTb, mto mo>kct npimecTH k jno 6 oMy 
HCKJHOHeHHio. KpoMe Toro, TaK KaK KJiacc Stream iiponcxo/urr ot Kjiacca Marshal- 
By Ref Object, apryMeHT stream MoaceT ccbuiaTbcn Ha o 6 bexT-npeACTaBHTeAb, caM 
HBAA lOIIUI iioi CCblAXOH Ha o 6 beKT /ipVTOI'O aomchti npHJIOaCeHHH. Ho Apyroii aomcii 
npHjioaceHHH moacct oxa3aTbca BbirpyaceHHMM, mto iscact k iiom li. rciin 10 HCKJHoneHHH 
AppDomainUnloadedException. 

H KOHeHHO, BCe BbI3bIBaeMbie MeTOAbI MHe COBepHieHHO HenOAXOHTpOAbHbl, nOTOMy 
hto ohh HaraicaHbi pa3pa6oTHHKaMH 1 13 Microsoft. 3aTO He hck. iio'iciio, tio b fiyAyme.vi 
cnen,iiajiHCTbi Microsoft iiomcipmiot hx pcajin.3annio, a 3to npiiBeAeT k hobbim THnaM 
HCKAHDHeHHH, o KOTopbix a Ha mom cm i iai i ncai i ii a MeTOAa OneStatement He noA03pe- 
na.a. Pa3Be bo3moacho CAeaaTb stot mctoa aamumemiiw.M otbccxbo3moachmxohiii6ok? 
KcTara, npo6AeMbi co3AaeT h npoTiiBonoAoacHaH CHTyauira: 6aok catch cnoco6eH nepe- 
XBHTblBaTb THnbI HCXAIOHeHHH, nOpOACAeHHbie KOHKpeTHbIM THnOM, nOSTOMy B03M0ACH0 
BbinojiHeHiie KOAa ii()CCTaiioii. ; iemia cobccm ;i:\a Apyrofi ohih6kii. 

Tenepb, iio.iyinis HHcjiopMaitHK) o bo3moachmx omii6xax, bm, cxopee Bcero, caMii 
MO/KCTC OTBeTHTb Ha BOnpOC, 11 O'PC My C'lll iaC'ICM AOnyCTHMbIM HanHCaHHe HeyCTOHHII- 
Boro h neiiaAC'/Kiiom KOAa — npocTO ymiTbiBaTb bcc bosmoachmc ouih6kh iieiipaicni'ino. 
Boacc Toro, nopoii sto BOo6me hcbosmoacho. Taxace cacavct ymiTbiBaTb tot (Jiaicr, tio 
ohih6kii B03HiiKaK)T OTHOCHTeAbHO peAKO. H noaTOMy 6mao perneHO noacepTBOBaTb 
HaAeacHOCTbio koaa b yroAy npoAyxTHBHOCTH pa6oTbi nporpaMMHCTOB. 

Hck. iio'ioiihm xopomii em,e h tc.vi, hto Heo 6 pa 6 oTaHHbie hcxaiohchha npriBOAHT 
k aBapiniHOMy 3aBepmeHino npHAoaceHim. H sto 3aopobo, Tax xax MHorne ii|')o6;icmp,i 
bmhbahiotch eui,e Ha CTaAHH 'I’ec i iipoisaiiii a. HHpJjopMapHH, xoTopyx) bbi npn stom 
iiOAV'iacTC (coo 6 meHiie 06 omn 6 xe h TpaccripoBxa CTexa), o6mhho aoc'iato'i iio aah 
BHeceHiia HyacHbix iicii|)aii.iei[iiii. Paay.MCCTca, ecTb h <))iip.Mi,i, He >Ke./iaiomiie, hto6m 
hx npimoaceHiiH arsapMHiio 3aiiepiiia./mcP) b xoAe pcc pii])ou;iippt ai hah HCiio. iii.aoiiaiiiia, 
noaTOMy pa3pa6oTHHXii BCTaBAHiOT xoa, nepexBaTbiBaKimHH HCXAKjaeHHe Tima System. 
Exception, 6a30Boro aah Bcex thhob HCXAxareHHH. /fpyroe acao, hto npn TaxoM noA- 
xoAe B03MoacHbi CHTyau,HH, xorAa npiiAoaceHiie npoAOAXCHT pa 6 oTy c HcnopaeHHbiM 
COCTOHHIieM. 

L lyii) no3a£e mbi paccMOTpriM xaacc Account, o 11 [le/teairiloiiuiii mctoa Transfer 
Aah nepeBOAa /pcikt c oaiioio cicta Ha Apyroii. npeACTaBbTe, hto npn Bbi30Be stoto 
MeTOAa ACiiia pi ycneniHO isia'iii paio i’oi c oaiioio cicth, ho nepeA aa'iiiCAOiiHOM hx Ha 
Apyroii oict reHepupyeTCH pt c ic. iiomoi p ho. Ecaii it ia.t p>p isjpkphjh ii xoa nepexBaTMBaeT hc- 
XAK)HeHHH Tima System. Exception h npoAOAacaeT pa6oTy, coctomiiiic npiiAOAceHHH 
oxaaceTCH pic i p f )[>'p cipppi>p m: xax Ha c'ictc from, Tax h Ha C'le'i’e to 6yAeT MeHbine AeHer, 
a cm TaM aoaacho 6 biTb. A Tax xax b aahhom CAynae mm roBopriM o Aoiiiaax, iiopna co- 
ctohhhh pacc.MTnpimacroi yace He xax o6biHHaa oiHii6xa, a xax npo6AeMa chctcmbi 
6e3onacHOCTH npHAoaceHH a. I IpoAOAacaa pa6oTy, npHAoaceHiie bmhoahht em,e pa a 
nepeBOAOB c oaiioio c'lcra Ha Apyroii, a aiia'im, iiopna coctohhhh b paMxax npriAO- 
aceHiia npoAOAaaiTCH. 
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Moacho CKa3aTb, tio mctoa Transfer aoaacch caMnepexBaTbiBaTb iick.iiohciiiim Tima 
System. Exception h B03BpamaTb ACHbrii Ha chct from. 3 to /u/hcTisme/ibiio cpa6oTaeT 
Aah 6ojiee-MeHee npocToro MCTo;i,a Transfer. Ho ecjni oh ii|)oii;!bo;i,ht Kompo/ibiibm 

OTHAT H3bHTbIX ACT IPT HJIII CCJIII CO CHCTOM 0/1,1 [OISpCMCIIIIO pa 60 TaeT HeCKOJIbKO nOTOKOB, 

nonbiTKa OTMeHHTb onepaiinio yace He oyACT HMeTb ycnexa, a to./utco npiiBeAeT k hobo- 
My hcK. iionemno. A ato 311a 1 hit, tio crnyauiiM He y/iyniiHTca, a TO/ibKO yxy/nnnTC>i. 

nPMMEHAHME 

Moxho B03pa3HTb, hto nHcJiopMauna 0 MecTe bo3hhxhob6hhh oluh6kh BaxHeecBefleHnn 
0 ee coAepxaHnn. HanpnMep, none3Hee 6bmo 6bi 3HaTb, hto nepeBOAAeHerco cneTa He 
npon30ineji, a Hera, hto mgtoa Transfer He cpa6oTa/i H3-3aHCxniOHeHHH SecurityException 
win OutOfMemoryException. Ha caMOM Aerie, MOAe/ib o6pa6oTKn oluh6ox Win32 Aeti- 
CTByeTcneAyiOLAHM cnocoSoM: MeTOAbi B03BpaiAaiOT3HaneHne true n/in false, yxa3biBan 
Ha pe3y/ibTaTMBH0CTb CBoefi pa6oTbi. 3to AaeT BaM HHcJ/opMaunio o tom, xaxoPi hmchho 
MeTOA CTan npHHHHOH npo6/ieMbi. 3aTeM, ec/in b nporpaMMe npeAycMOTpeH noncx hh- 
cj3opMapnn 0 npnHHHaxc6oa, Bbi3biBaeTcn MeTOAGetLastError. B xnacce System.Exception 
npncyTCTByeT cbohctbo Source, yxa3biBaiOLAee hmh He3aBepmeHHoro MeTOAa. Ho 3to 
cbohctbo npHHaAnexnT KTnny String, noaTOMy bsm npnAeTcn caMOCTomeribHO aHann3n- 
poBaTb no/iyneHHbie AaHHbie. KTOMyxe b cnTyau.nn, xorAa Asa MeTOAa Bbi3biBaiOT oahh h 
TOT>xe MeTOA, cbohctbo Source He noMO>xeT BaM noHMTb, rAe hmbhho npoH30ine.n c6oh. 
BMeCTO 3Toro npHAeTcn aHanH3npoBaTb crpoxy, B03BpaiAeHHyio cbohctbom StackTrace 
x/iacca Exception. M3-3a Bcex 3thx c/ioxHOCTen a noxa eui,e He BCTpenaa nporpaMMHCTa, 
HanncaBLLiero noAoOHbin koa- 


CymecTByiOT necKo. iM/o noAxoAOB, cnocoonux cr/ia/urn, 11p06.Te.v1y iiciiop'iemioro 
coctohhiih: 

□ CLR 3 anpemaeT arsapHHiio 3aBepmaTb noTOKH bo Bpeivm isbmo.memia KOAa 6 jiokob 
catch h finally. 1 loo'ro.viy c/i,e/ia'n, mctoa Transfer 60/1 ee ycToifimsbiM moacho 
CA eAyiomiiM cnoco6oM: 

public static void Transfer(Account from. Account to. Decimal amount) { 
try { /* 3flecb Hnnero He ae/iaeTcn */ } 
finally { 

from -= amount; 

// lipepbiBaHMe noTOxa (n3-3a Thread.Abort/AppDomain.Unload) 

// 3fleCb HeB03M0)KH0 

to += amount; 

} 

} 

TeM He MeHee h HacTOHTeAbHO He peKOMeHAyio noMemaTb Becb koa BHyTpb 

o.tokois finally! 3 tot r 1 ])nc.vr moacho ncno.ib.ioiiaib to./utco aah rmieuemi m caMbix 

HyBCTBHTeAbHbIX COCTOHHHH. 

□ K./iaee System.Diagnostics.Contracts.Contract iio.3iso.imct iipii.vienMTb kM eTOAaM 
KOHTpaKTbi KOAa. M.viemm ohh iio 3 I!o/imiot npoBepuTb apryMeHTbi h Apyrric nepe- 
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MeHHtie nepeA coctohhim c nciio./ii)3»oisaiincM sthx apryMeHTOB/ 

nepeMeHHbix. B cjiyiac coothctcttuim KompaKTy eeposmmocmb noBpeacAeHira co- 
ctohhhh MiiHiiMajibHa (ho He HeB03MoacHa). Ecjih ace npoBepKa He npOXOAHT, cpa3y 
reHepiipyeTca hckaiohcimc. KoHTpaKTbi 6yayT 6ojiee paccMOTpeHbi aajiee b stoh raaBe. 

□ 06./iacTn orpami'ieimoro hciio. menna (CER) aaiot bo3moachoctb nadeacarb HMeio- 
ihhxot b CER ([(‘(i/inoaiia'iiiocicii. K nprmepy, iicpcA bxoaom b 6aok try moacho 
3arpy3HTb Bee Tpe6yeMbie koaom (xiotisctcthvioiiiiix 6jiokob catch h finally c6op- 
kh. KpoMe Toro, CLR CKOMnwjmpycT Becb koa 6jiokob catch h finally, isK.no'iaa 
BbI3bIBaeMbie BHyTpH 3THX 6jIOKOB MOTOAbl. TaKHM CHOCo6oM MOACHO yCTpaHHTb 
MHoacecTBO noTeHu,iiajibHbix HCKJironeHHH (b tom nucjie FileLoadException, 
BadImageFormatException, InvalidProgramException, FieldAccessException, 
MethodAccessException,MissingFieldException hM issingMethodException), 
KOTopwe MoryT B03HiiKHyTb npn nonbiTKe BbinojmeHira KOAa BOCCTaHOBjieHiiH nocne 
ohih6ok (b 6,ioi<ax catch) hjih KOAa ohhctkh (b 6jiokc finally). Taicacc sto chii3ht 
B epoHTHOCTb noHBJiemiH HCKJiiOHeHHH OutOf Memory Exception h HeKOTopbix Apyrnx. 
06nacTH orpaHHneHHoro iiciio.tiiciiiim noxpoono o6cy>[</[,a iotoi b stoh ivianc. 

□ B 3aBHCHMOCTH OT MeCTOnOAOACeHHfl COCTOHHIIH MOVKIIO HCn0JIb30BaTb TpaH3aKU,IIII, 

rapamnpyiomne, hto b coctomiiiic bhochtch jih6o Becb naKeT H3MeHeHHH, a 1160 oho 
ocTacTcn HeH3MeHHbiM. K npimepy, TpaH3aKu,HH xopomo noAXOAflT aah xpancnna 
AaHHbix b 6a3e. Windows b HacToamee BpeMH TaKAce noAAepaoiBaeT TpaH3aKunoHHbie 
onepapHH c peecTpoM h ())aii.;ia.viii (toabko aah tomob NTFS), Tax hto bbi MoaceTe 
B0CH0Ab30BaTbCH 3THMH (jlVUK'nilMM II. K COVICajICI I IT l(), B liaCTOAIIlCC lipCMXI B .NET 
Framework xa 111 iaa (fjymciiHOHaxbHOCTb He iipeACTaii./ieiia. /Rim nciio. iij.ioisaiiiiM 
3 thx onepan,HH norpedycTca HcnoAb30BaTb MexaHii3M P/Invoke. /lono. iiiine.ib- 
Hyio HHt|)opMau,Hio no xaimoii TeMe bbi naiixcTC b AOKyMeHTan,ini Kxacca System. 
Transactions.TransactionScope. 

□ MoacHO CAeaaTb MeTOAbi 6oxee hbhmmii. K npiiMepy, Kxacc Monitor odbiHHO ncnojib- 

3 VCTCM AAH 11 IC. I IO l I C 11I I 'A /OT K.T 10'I C 11I I H 6./IOIXI I ] )015 K I1 npH CHHXpOHII3au,HH nOTOKa: 

public static class SomeType { 

private static Object s_myLockObject = new ObjectQ; 
public static void SomeMethod () { 

Monitor.Enter(s_myLockObject); // B c/iysae ncK/iiOMeHna npon3onfleT /in 

// 6/ioKnpoBxa? Ec/in r a, to stot pe*nM 
// 6yaeT HeB03M0)KH0 OTK/lK)HHTb ! 

try { 

// Ee3onacHaa b OTHOueHnn noTOKOB onepapna 

} 

finally { 

Monitor.Exit(s_myLockObject); 

} 

} 

II ... 

} 
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H3-3a oniicaHHbix ii|)o6./icm He ctoht ncnojib30BaTb atot BapiiaHT neperpy3Kii 
MeTOAa Enter KAacca Monitor. Jlynrne nepenucaTb koa CAeAyiomHM o6pa30M: 

public static class SomeType { 

private static Object s_myLockObject = new ObjectQ; 

public static void SomeMethod () { 

Boolean lockTaken = false; // npeano/iaraeM, hto 6/iokihpobkm HeT 
try { 

// 3to pa6oTaeT BHe 3aBincmvpocTM ot Ha/nn^wa MCK.mo'HeHMfl! 

Monitor.Enter(s_mylockObject, ref lockTaken); 

// noTOKo6e3onacHaa onepapua 

} 

finally { 

// Ec/im pe>KMM 6 /iokmpobkm BK/iioHeHj OTK/iH)4aeM ero 
if (lockTaken) Monitor.Exit(s_mylockObject); 

} 

} 

II ... 

} 

XOTH 3TOT KOA CTajI OOACC np03paHHbIM, B CJiyiae 6 .T 0 KT 1 |)()BKT 1 B paMKaX CHHXpO- 
HH3aiiHH noTOKOB Aymne BOo 6 nie He npn 6 eraTb k o 6 pa 6 oTKe mckapohctihh. I IpunMiibi 
3toto paccMaTpiiiiaioTCM b inane 30. 

Ecnn oonapyiKHTCM, tio cocToamie 6 mao noispoKACiio HacTOJibKO, tio yace He noA- 
AeacHT BOCCTaHOBAeHiiio, ero na/UTOKHT yAaninn, hto6m He C03AaBaTb hobhx iipooncM. 
3aTeM nepe3anycTHTe npiuioaceHiie, hto6m cocTomnie HHHiiHanH3HpoBanocb HopMaAbHO. 
Ecn ip noBe3eT, iioiipoKACiiiic coctohhiia He npoii30HAeT CHOBa. TaK KaK ynpaBnneMoe 
cocTOHHiie He mO/KCt BbixoAHTb 3a ipamumi AOMeHa npHAoateHHH, aah ycTpaHeHHH no- 
BpeACAeHHblX COCTOHHini AOCTaTOHHO Bbirpy3ITTb AOMCH npiIAOACeHHH, B0Cn0Ab30BaBIHHCb 
MeTOAOM Unload KAacca AppDomain (AeTann cm. b rAaBe 22). 

Ecah bm CHHTaeTe, hto coctohhhc noBpeacAeHO HacTOAbKO, hto ocTaeTcn Tonb- 
ko 3aBepniiiTb Becb npon,ecc, ncnonb3yHTe CTaTHnecKHH mctoa FailFast KAacca 
Environment: 

public static void FailFast(String message); 

public static void FailFast(String message. Exception exception); 

3tot mctoa 3aBepmaeT npon,ecc 6e3 i; i>i ipo.pi pcipip ai aKTHBHbix 6 aokob try/finally 
h 6e3 BW30B0B MeTOAa Finalize. BeAb BbinoAHeHiie AononHiiTenbHoro KOAa b no- 
BpeacAeHHOM coctoahhh MoaceT yxyAinriTb nonoacemie aca. TeM He MeHee mctoa 
F ailFast AaeT B03M0aCH0CTb BbmOAHIITb O'lllCTKV OObCKTa.M, npOII3BOAHbIM OT KAacca 
CriticalFinalizerObject, c kotopmmh mm iio.'iipaKOMii.viCM b rAaBe 21. 06 mhho sto 
H opMaAbHO, TaK KaK 3TIi o 6 bCKTbI CTpCMHTCH npOCTO 3aKpbITb IICXOAHbie pCCypCbl. K TOMy 
ace cocTOHHiie Windows, CKopee Bcero, ocTaHeTcn b nopHAKe Aaace ripn noBpeacAeHiin 
coctohhhh CLR hah Bamero npHAoaceHim. MeTOA FailFast 3 anHCbiBaeT cooomeiiiie 
b acypHaA co6mthh Windows, nocne nero BKmonaeT sto coo 6 meHiie b oraeT 06 omn 6 Kax. 
3aTeM oh co3AaeT AaMn naMHTH Bamero nprinoaceHiiH h 3aBepmaeT ero padoty. 
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BHMMAHME 

no Oo/ibinen Haem FCL-koa He rapaHTnpyei coxpaHeHna HopMa/ibHoro cocto3hhh no- 
cne HeoxMAaHHoro ncK/noHeHna. npn oOHapyxeHnn ncKniOHeHHH, npoiiieALuero nepe3 
FCL-koa, npoAoaxeHHe pa6o™ c FCL-o6beKTaMH noBbimaei BepoaTHOCTb nx HenpeA- 
CKa3yeMoro noBeAeHna. 


B 3tom paaACAC a nonbiTaAca no3HaKOMHTb Bac c ii()3MO>Kiii,i.\in npo6aeMaMii, cisanaii- 
HblMH C MexaHH3MOM o6pa6oTKII HCKAIOHeHHH B CLR. BojIbllHIHCTBO ll|)H. IO>KCimii He 
CTOHT HCn0Ab30BaTb npH IIOISpOKACIIII II HX COCTOAHHH, TaK KaK 3TO BCACT K IIOM B. IOI 111IO 
HeKoppeKTHbix aamibix h Aaace Ac4>eicrois b cucTeMe 6e3onacHOCTH. Ecah bm nraneTe 
npruioaceHiie, KOTopoe He mo>kct aiiapiiiino 3aBepmaTb cboio pa6oTy (Hanpimep, one- 
pau,HOHHyio CHCTeMy hah aApo 6a3bi Aaimiwx), He ctoht HcnoAb30BaTb ynpaBAaeMbifi 
koa. H TaK KaK CHCTeMa Microsoft Exchange Server HanncaHa b ochobhom cpcAC/maxm 
ynpaBAHeMoro ko/ia, aaa xpaneima SAeKTpoHHoir noarbi OHa .'saAciicTisycT co6cTBeHHyio 
6a3y /lamibix. 3Ta6a3a naabibacTca Extensible Storage Engine, OHa iiocTaii./iacTca BMecTe 
c Windows h odbiaHO pacnoAaraeTca no aApecy C:\Windows\System32\EseNT.dll. npn 
ACeAaHHII Bbl MO/KCTC B0Cn0Ab30BaTbCH 3TOH 6a30H AAH CBOIIX npHAOACCIIHH. 

YnpaBAaeMbiH koa xoporno iioaxoaht aah np ha o >kciih h, KOTopbie MoryT nepeHecTH 
npeKpameHne paooi bi npn bo3moachom imispoKAcmiH coctohhiih. B 3Ty Karempino 
nonaAaeT mhoaccctbo npHAoateHHH. HanncaTb codci iseiiiiyio ycToiinHBO padoTaiomyio 
6n6AHOTeKy kaaccob iiaii npHAoacemie Kpaiinc caoacho, hmchho noaTOMy b 6oAbmiiHCTBe 
c.ayaacis pa3pa6oTHHKH iipcAiioaiiTaiOT odxoAHTbca ynpaBAaeivibiM koaom, noBbimaa 
npoAyKTHBHOCTb CBoeii padoTbi. 


npueMbi pa6oTbi c ncK/noneHiisiMii 

IIoHHMaTb MexaHH3M o6pa6oTKii HCKAioneHHH BaKHO, ho He MeHee BaacHO yMeTb 
npaBHAbHO iio.ib.ioiiaiiica mckaiohciihhmh. Cahhikom aacro a BCTpeaaA 6 h6ahotckh, 
KOTopbie nepexBaTbiBaAii Bee iicKAio'ieima 6e3 pa36opa h octabahah pa3pa6oTHHKa npn- 
AoaceHim b HeBeAeHHH o B03HHKmeM c6oe. B 3tom pa3AeAe a npeAAaraio pcKOMcn/amii 11 
no HcnoAb30BaHiiio HCKAioaeHHH, KOTopbie AOAAceH 3HaTb KaacAbiii paapaooT'tHK. 

BHMMAHME 

Eoan Bbi — pa3pa6oTHMK6n6anoTeKKaaccoB n 3aHMMaeTecbC03AaHneM thiiob, KOTopbie 
6yAyT ncnoAb30BaTb APyme pa3pa6oTHHKn, OTHecmecb ksthm npaBnnaM oneHbcepbe3- 
ho. Ha Bac nexnT orpoMHaa OTBeTCTBeHHOCTb 3a pa3pa6oTKy HHTepcJjeHca, npnMeHHMoro 
KinnpoKOMy cneKTpy npn/ioxeHnn. noMHi/ne: Bbi He3Haeie BcexTOHKOCTen koa 3, KOTopbin 
Bbi3biBaeTe nepe3 Ae/iera™, a Tao<e nepe3 BnpTya/ibHbie nan nHTep<bencHbie MeTOAbi. 
Bbi Taioxe He 3Haeie, Kaxon koa OyaeT Bbi3biBaib Bamy 6n6anoieKy. HeB03M0>KH0 npeA- 
BnACTb Bee cmyaunn, b KOTopbix MOxeT npnMeHaTbca Bain mn, noaioiviy He npnHHManTe 
Hnxaxnx noanTnaecKnx peineHnn. Bain koa ne AoaxeH pemaTb, mto ecTb oinnSKa, a hto 
H eT — ocTaBbTe sto peineHne Bbi3biBaiOLAeMy KOAy. 
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BHMMaTe/ibHO c/ieAHTe 3a cocTonHneM n ciapatiTecb M36exaTb ero noBpe>KAeHnn. npo- 
BepntiTe apryMeHTbi, nepeflaBaeMbie BaaiuM mbtoasm, c noMombio KOHTpaKTOB (cm. 
Aa/iee b stoh maBe). CiapaMTecb He n3MeHHTb cocTOHHne 6e3 h6o6xoahmocth, a ecnn 
M3MeHaeie — SyAbte roTOBbi k c6oam m noc/ieAyiOLAeMy BOCCTaHOBiieHnio cocToaHnn. 
Ec/im Bbi SyAeie co6/iK3Aaib peKOMeHAapnn, n3/io>KeHHbie b stom maBe, y pa3pa6c>THHKOB 
npu/io>KeHMM He 6yAeT oco6bix npoSaeM c ncno/ib30BaHneM THnoB Barneti 6n6/inoTeKn 
K^accoB. 

Ecjih bw — pa3pa6oTHMK npmio>KeHMM, onpeAenntiTe Jiio6yio noamnKy, KaKyio conieTe 
HyxHoCi. ripnAepxuBaacb npaBH/i pa3pa6oTKn, Bbi CMOxeie 6biCTpee BbinBiinTb m nc- 
npaB/iRTbOLuu6KM b CBoeM KOAe, hto noBbicmycTonnnBOCTb BaiiiMx npnno>KeHHM. OAHara 
Bbi BoabHbi OTxoAHTb ot 3thx npaBi/in, ecnn noc/ie TLuaTejibHoro o6AyMbiBaHnn coHTeie 
3 to Heo6xoAHMbiM. flo/iMTMKy npnnoxeHnn (HanpuMep, 6onee arpeccnBHbin nepexBaT 
ncKmoneHnn koaom npnnoxceHnn) onpeAe/iaeie mmchho bn. 


Aktubho ncnonb3yMTe 6 jiokm finally 

IIo-MoeMy, 6 jiokii finally — npeKpacHoe cpeACTBo! Ohii no3BOAHiOT onpeACAHTb koa, 
KOTopbiii oy/iCT rapaHTiipoBAHHO HcnojiHeH He3aBHCHMO ot BH^a creHepupoBaHHoro 
noTOKOM itckjiiomchha. Baokii finally HyacHbi, Tiofibi m.ino.ininb o'ihcikv iiocac aio- 
6ofi ycneniHO HanaTOH onepaiiiiii, npeacAe next BepHyTb ynpaBAeraie hah npoAOAACHTb 
HcnoAHeHiie KOAa, pacnoAoaceHHoro nocAe hhx. Baokii finally ■laioice nacTO ncnoAb- 
3yiOTCH AJIH HBHOTO yHHATOACeHIIH AK>6bIX o6bCKTOB C H,eAbIO npeAOTBpameHIIH yTeAKII 
pecypcoB. B CAeAyiomeM npimepe b 3 tom 6 aokc pa3MemeH Becb koa, 111.1110.11111 loimiii 
OAHCTKy (3AKpbIBAK)mHH fjiiailjl): 

using System; 
using System.10; 

public sealed class SomeType { 
private void SomeMethodQ { 

// OTKpbiTue cjiaPtyia 

FileStream fs = new FileStream(@"C:\Data.bin ", FileMode.Open); 
try { 

// Bnboa nacTHoro ot fleyieHwa 100 Ha nepBbifi 6aiiT (jjaiina 
Console.WriteLine(100 / fs.ReadByte()); 

} 

finally { 

// B 6/iOKe finally pa3MepaeTCA koa ohmctkm, rapaHTMpyioiiiMM 
// 3aKpblTHe 4>aM/ia He3aBMCMM0 OT TOTO, B03HMKA0 MCKAIOHeHMe 
// (HanpuMep, ecAM nepBbiM 6aiiT 4>aiina paBeH 0 ) mam HeT 
fs.Close(); 

} 

} 

} 

TapaHTiipoBaHHoe HcnoAHeHiie KOAa oaiictkh npn Aio6bix o6cTOHTeAbCTBax HacroAb- 
ko BaacHO, hto 6oAbmiiHCTBO h3mkob iiOAAcp'/KTiisacT cooTBeTCTByiomne nporpaMMHbie 
KOHCTpyKUHH. Hanpuivrep, b C# npn iicnoAb30BaHHii HHCTpyKiiHH lock, using h foreach 
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6 jiokii tny/finally coa/uiiOTCH amoMaTH'iccioi. Komiiiiamtop CTpoiiT sth 6 aokh ii npii 
nepeonpeAejieHiin AecTpyKTopa KJiacca (mctoa Finalize). ITpn pa 6 oTe c ynoMHHyTMMii 
KOHCTpyKuiwMii HaraicaHHbiii BaMii koa noMemaeTca b 6 aok try, a koa ohiictkh — b 6 aok 
finally. A hmchho: 

□ ecjin bbi Hcnoab3yeTe HHCTpyKpmo lock, to isiiyipii 6 ./i 0 Ka finally cmi.wacTCFi 
6 jioKiipoBKa; 

□ ecjra Bbi Hcnojib3yeTe iincrpyKHii 10 using, to Biiyipii 6 jiOKa finally a a a o 6 beKTa 
Bbi3biBaeTca mctoa Dispose; 

□ cc./iu Bbi iiciio. ; ip>.3ycTC iiHCTpyKuiiio foreach, to miyrpii 6 jiOKafinally a a fi o 6 beKTa 
IEnumerator Bbi3biBaeTca mctoa Dispose; 

□ ecjin Bbi oiipcACAacrc AecrpyKTop, to miyipu 6 noKa finally Bbi3biBaeTca mctoa 
F inalize 6a30Boro KJiacca. 

HanpiiMep, b c.;ie,ayiomcM koac Ha C# ncno. ib.ayiOTCM bo 3 moachocth HHCTpyKpHH 
using. Xoth 3tot (jipar.Yiein Kopoae npe/ua/iyiuci o, npii o 6 pa 6 oTKe ucxoaiiom TeKCTa 
3 toto h npeAbmymero npriMepoB KOMrouiHTop reHepiipyeT hachthahmii koa: 

using System; 
using System.10; 

internal sealed class SomeType { 
private void SomeMethodQ { 
using (FileStream fs = 

new FileStream(@"C:\Data.bin", FileMode.Open)) { 

// BbiBofl aacTHoro ot fleaeHna 100 Ha nepBbiii 6aPtT ipav\na 
Console.WriteLine(100 / fs.ReadByte()); 

} 

} 

} 

IIoApo 6 Hee 06 inicTpyKnini using mm noroBopiiM b raaBe 21, a 06 miripyiauin 
lock — b raaBe 30. 


He H3AO nepexBaTbiBaTb Bee MCKJiiOHeHMfl 

PacnpocTpaHeHHaa omn 6 Ka — cahhikom 'lacroe h HeyMecTHoe ncnojib 30 BaHiie 6 ao- 
kob catch. IlepexBaTbiBaH iickjiiohchiic, bm tcm caMbiM aaHB.mcTC, hto 0 /iciiAa. : iu ero, 
noHHMaeTe ero npFPiinibi h 3 HaeTe, KaK c hum parsoopaiboi. /IpyniMii CAOba.Mii, bm 
onpe/icjiacTC noaiiTHKy a a a iipiiAO/i;cmia. 3Ta TeMa iio/ipoono pacKpbiTa b paaACAC 
«IlpOAyKTI'IBHOCTb BMeCTO HaAeACHOCTH». 

TeM He MeHee cahhikom hacto nprixoAHTca BHAeTb npriMepHO TaKofi koa: 

try { 

// riOnblTKa BbinO/lHMTb KOfl, KOTOpbIMj KaK CHMTaeT nporpaMMincT, 

// MOJKeT npwBecTH K c60H5. .. 

} 
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catch (Exception) { 


} 

3tot koa aeMOHCTpupyeT, hto b hcm npe/iycMOTpeHbi ece iicK/noHeHiiH mo6bix TimoB 
h oh cnoco6eH BoccTaHaBjiHBaTbcn nocne nm6bix iicK. iiO'icimii b jik>6ux crnyaHiinx. 
Pa3Be 3 to bo3mo5kho? I n 11 H3 6h6jihotckh KnaccoB Hii b KoeM cjiynae He ;toa>Keii nepe- 
xBaTbiBaTb Bee HCKMio'iemiM no/ipa/c iscab oh He moacct 3HaTb iiaiiepnaica, KaK npn- 
.to/kciihc aoaacho peanipoBaTb Ha iicicno'iemia. KpoMe Toro, laKoii i n 11 6v;i,ct nacTO 
BbI3bIBaTb KOA ll|)H./IO>K('ima 'ICpC3 AC.TCIATa, BHpTyaabHblfi MCTOA HJIH lime|x|)eiicill)lii 
MCio/t Ecjiii b o/i,iioii 'lac/i n iipn./io>Kcmia B03HiiKaeT iick/ho'ichhc, to b apyroii 'lac/i n, 
BepoHTHO, ecTb koa, cnocodHbiii nepexBaTHTb ero. Hoi/. iio'ieime AOJiatHO npoiiTH nepe3 
cjiiiJibTp nepexBaTa h 6biTb ncpeaaiio BBepx no CTeKy BM30B0B, hto6m koa ii|)ii.TO>Kemia 
cmot o6pa6oTaTb ero KaK na/i,o. 

Ecjih iick.tio'iciiiic ocTa/iocb Heo6pa6oTaHHbiM, CLR 3aBepmaeT npopecc. O Heo6- 
pa6oTaHHbix ncKiioaeniiax mm noroBopriM nyTb i io3>kc. Bojibihuhctbo H3 hiix o6Hapy- 
acuBaiOTCH Ha cia/i,nn TCCTupoiiaima. /[pi a 6opb6bi c hhmh c./ie/tvcT jih6o 3acTaBHTb koa 
peanipoBaTb Ha oiipcACJicimoe mck/iiohchhc, jiii6o nepenucaTb ero, ycTpaHHB yc/iomia, 
CTaBHine npuHUHoti coo a, M nc.ao Heo6pa6oTaHHbix h c k.t i o 1 1 c n h it b OKOii'iaic./ibiioii 
Bepcnii nporpaMMbi, iipc/iiiaaiiaacimoH p,jin Bbino/iHeHim b ii|)oii3iio/i<"iiiciinoii cpe- 
AC, aojikho 6biTb MiiHiiMajibHbiM, a caMa nporpaMMa /io./i/ki la 6biTb ncK/noairie/iiaio 
yCTOHHHBOH. 

nPMMEHAHME 

B HexoTopbix c/iyaanx MeTOA, He cnocoSHbiti peaiHTb nocTaBJieHHyio 3aAaay, o6Hapy- 
xHBaeT, hto codoaHMe HexoTopbix odteKTOB ncnopaeHO m He noAAaeTcn BOCCTaHOBtie- 
hmk). Ecnn pa3peiHMTb npi/uioxeHHio npoAon>KHTb pa6oTy, pe3ynbTaTbi MoryT 0Ka3aibca 
naaneBHbiivm, b tom anc/ie bo3mo>kho HapyineHMe 6e3onacHOCTn. I1pn o6Hapyx<eHMn 
Taxon CHTyapHti mctoa AO/i>xeH He reHepnpoBaib ncxniOHeHne, a HeMeA-neHHO Bbinon- 
HaTb npMHyAHTe/ibHoe 3aBepineHne npopecca Bbi30B0M MeTOAa FailFast Tuna System. 
Environment. 


KcTara, Bnojme aoiivctumo nepexBaTHTb lieK.iioacimc System. Exception h bm- 
nojiHHTb oirpcytcjici r i r ij.i it ko/i, BHyTpii o.TOKa catch npn yc/iOBini, hto b KOHn,e otoko KO/i,a 
HCKJiiOHeHHe 6 v/i,ct cieiiepiipoiiaiio CHOBa. IlepexBaT h noraomeHne (6e3 noBTopHoro 
reiiepiipoiiamia) itcic. iiomci 11 ici System. Exception iicaoiivcthmo, TaK KaK oho npHBOAHT 
k coKpbiTHio (jiaicra coo a h ii|X)/i,o.t>kciiii io pa6oTbi iipii./ioxcemia c i 1 e 11 pcACKa. 3 yc.v 1 ix m h 
pe3yjibTaTaMH, hto oaiia'iacT HapymeHiie6e3onacHOCTH. I IpcAOCTaii.Tac.viaa KOMnaHneii 
Microsoft yTHjiHTa FxCopCmd.exe iio.siio.TacT naxo/p-iTb 6 jiokii catch (Exception), 
b Koae KOTopbix OTcyTCTByeT iiHCTpyKu,HH throw. I lo/ipooiiee mm o6cy/i,ii.vi oto aa/iee 
b 3toh r/iaBe. 

EfaKOHeu,, AonycKaeTcn nepexBaTHTb HCKJiiOHeHHe, B03HiiKHiee b oahom noTOKe, 
h noBTopHO creiiepii|X)isaTb ero b /ipyroM noTOKe. TaKoe iiobcaciiiic iio/tTcpaciinacT 
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MOAejib aciiHxpoHHoro nporpaMM iipoiiaim a (cm. r/iaBy 28). Hanpimep, eca it noTOK H3 
nyjia noTOKOB Bbino/maeT koa, KOTopbift Bbi3biBaji iiac.Tio'iemie, CLR nepexBaTbiBaeT 
h iirHopupyeT ncK/noaemie, no3BO/iaa noTOKy BepHyTbca b nyji. IIo3ace opiih H3 iiotokob 
AOJ iaceH Bbi3BaTb mcto/i, EndXxx, hto6m BbiacHHTb peay/imaT acHHxpoHHoii onepapini. 
Mcto/i EndXxx crcHepupyeT TaKoe ace ncK/noaemie, hto h noTOK H3 nyjia, Bbino/iHaBmero 
3aa,aHHyK> pa6oTy. B paHHOH cm/yapim iicKjnoaeHiie nor/iomaeTca nepBbiM iiotokom, ho 
noBTopHO renepnpycTcai noTOKOM, Bbi3biBaBiniiM mcto/i, EndXxx, b pcay/naaTC omn6Ka 
He OK'aa.biiiaeTCTi ckpmtoh ot iipii.TO/KomiH. 


KoppeKTHoe soccTaHOB/ieHue noc/ie ucK/noHeHusi 


14 nor/1,a 3apaHee H3BCCTHO, hctohhiikom KaKoro HCKJiioncinia MoaceT CTaTb mcto/c ITo- 
CKoabKy 3th iicKjnoaeHiia oxH/iaeMbi 3apaHee, HyaceH ko/i, oSccneninsaToniini KoppeKTHoe 
bOCCTaiiob/K'iine npH/ioaccinia b TaKofi cmyaniin h iT03BOJT>noni,HH eMy npopo/iacHTb 
pa6oTy. Bot npimep (Ha nceB/ioKO/ie): 


public String CalculateSpreadsheetCell(Int32 row, Int32 column) { 
String result; 
try { 

result = /* Koa fl/ia pacneTa BHaMeHna aaeiiKM 3/ieKTpoHHofi Ta6/iML(bi */ 

} 

catch (DivideByZeroException) { 

result = "He/ib3fl OTo6pa3MTb 3HaHeHne: fle/ieHne Ha Ho/ib"; 


} 

catch (OvertlowException) { 

result = "He/ib3a OTo6pa3MTb 3HaseHne: oho c/imiukom 6oabuioe"; 


} 


return result; 


} 


3tot r icen/LOK'o/L paccaHTbrnaeT co/iepacHMoe hmchkh .'j.TCKTpoimoii Ta6jiim,bi h bo3- 
BpamaeT CTpoKy cee aiiaaciincM Bbi3biBaiomeMy Kony, KOTopbifi noKa3biBaeT ero b OKHe 
npn/ioacemia. OpHaKO conepaaiMoe aaeitacH MoaceT 6biTb aacmbiM ot /Ee/iemia 3HaaeHiiH 
Aisyx apyiTix anccK. H ec/i pi ncetn/a co aiiaMeipaTe.TCM conepacHT 0 , to CLR reHepiipyeT 
HCK/noneHiie DivideByZeroException. Torpa mcto/i nepexBaTbiBaeT iimchho 3to nc- 
i/.TioaeiPiic h B03BpamaeT cneu,iiajibHyio CTpoKy, KOTopaa bmbo/ihtch nojib30BaTe/iio. 
Aiia.ToiTi'i ipo conepaciiMoe M'lciiicn MoaceT 6biTb iipoiiaiic/nTPiie.M /rayx apyi nx h'icck. 
Ecjiii nojiyaeHHoe 3HaaeHiie hc yMeniaeTca b OTBencHHoe a iicto 6iitob, CLR reHepiipyeT 
o6beKT OvertloiA/Exception, a TaKace cnerpia/ibHyio CTpoKy, KOTopaa 6ya,eT BbiBepeHa 
/Via no/ib30BaTe/ia. 

IlepeXBaTblBaa KOHKpeTHbie PI C PC.! lO' PCI I PI Xl, HyaCHO IIO.TIIOCTMO 0C03HaBaTb BbI3bI- 

Baiouiiie hx o6cToaTejibCTBa h 3HaTb THnbi HCK.TIOHCTIHH, pi])()PT.iiio.Tiilaic ot nepexBaTbi- 
BaeMoro THna. 4ie c/ic/iycT nepexBaTbiBaTb h o6pa6aTbiBaTb ran System. Exception 
(6e3 noBTopHoro reHepiipoBaraia), TaK KaK HeB03M0acH0 iipc/i,isn/i,eT b Bee B03MoacHbie 
HCKjnoaeHiia, KOTopbie MoryT 6biTb creiiepiipoisam>i miyppii 6/ioica try (oco6chho sto 
K acaeTca thhob OutOfMemoryException h StackOverflowException). 



flpueMbi pa6oTbi c MCKniOHeHMnMM 529 


OTMeHa He3aBepmeHHbix onepaunu 
npn HeeoccTaHOBHMbix HCK/Honem/mx 

06hhho ,vm m.mo. iiicmiM c;i,niiCTiiCimoii aOcTpaKTHoii onepau,iiH MCTO/ty ii|)hxo/i,htcm 
B bI3bIBaTb I [CCK'O.I bICO /LpyniX MCTO/I.OB, 0/1,1111 H3 KOTOpbIX MOryT 3aiiCpillaTbCM ycneniHO, 
a /ipyrac — hct. /{onycTHM, npoiicxonHT cepiiajiii3auiiH Ha6opa o6beKTOB b (Jjaftji. Ilocjie 
cepHajiH3apHH 10 o6beKTOB reHepupyeTca iicic/iiomciiiic (Hanpimep, H3-3a nepenojiHeHim 
AHCKa 11,3ii H3-3a OTcyTCTBHH arpi-iOvra Serializable y c. : ie/i,yioiucro cepnajiH3yeMoro 
o6beKTa). Ilocjie 3Toro HCKjiiOHeHiie cjMJibrpyeTCH h nepe/taercH Bbi3biBaiomeMy Mera/iy, 
HO B KaKOM COCTOHHIIH OCTaeTCH Oh OKa3bIBaeTCH nOBpeaCfleHHblM, TaK KaK B HeM 

HaxoAHTCH 'lacTH'ino cepHajiH30BaHHbiii ipaxf) oobeiciob. Bbiao 6bi 3/i.opoBO, ecan 6bi 
npiuioacemie Morao OTMeraiTb He3aBepmeHHbie onepapHH h BepHyTb (Jjaftji b cocTOHHiie, 
b kotopom oh 6biji no 3anHcn cep iiaa iiao isai m i<i x oo'beicmi!. I Ipami.ibiiaM pca/iiiaaii,ii!>i 
nonacHa Bbirjia/i,eTb npimepHO TaK: 

public void SerializeObjectGraph(FileStream fs, 

IFormatter formatter, Object rootObj) { 

// CoxpaHeHue TeKymeii n03inunn b 4>aFi/ie 
Int64 beforeSerialization = fs.Position; 

try { 

// nonbiTKa cepnaan30BaTb rpacf) o6beKTa n 3anncaTb ero b 4>aPi/i 
formatter.Serialize(fs, rootObj); 

} 

catch { // nepexBaT Bcex MCK/noMeHuii 

// npn /1IOBOM nOBpeiKfleHUM <|)aii n B03BpamaeTCB b HopManbHoe cocTOBHue 
fs.Position = beforeSerialization; 

// 06pe3aeM 4>ana 

fs.SetLength(fs.Position); 

// nPUMEHAHME: npeAbiAymnii koa He nOMemeH B 6 aok finally, 

// TaK KaK c6poc noTOKa Tpe6yeTc« TOAbKo npn c6oe cepnaAH3aumi 

// yBeAOMAfleM BbBbiBaioiiinM koa o nponcxOAHineM, 

// CHOBa reHepnpyn TO )KE CAMOE nCKAWneHMe 
throw; 

} 


J\jlr KoppeKTHoii otmchm He3aBepmeHHbix onepauini ko/l nonaceH nepexBaTbiBaTb bcc 
HCKJHOHeHHH. JXa, 3/i,ccb ii v'/K'iio nepexBaTbiBaTb Bee HCK.Tio'iemia, TaK KaK BaaceH He THn 
ouih 6 kh, a B03BpameHiie CTpyKTyp /i,aiiiii,ix b corjiacoBaHHoe coctomiiiic, IlepexBaTHB 
h o6pa6oTaB ncicno'ienne, He noraomaHTe ero — Bbi3biBaiomeMy ico/py iico 6 xo/i,hmo co- 
oOmiiTb o CHTyau,HH. 3 to aejiacTO-i nyTeM noBTopHoro reHepiipoBaHim Toro ace hckjiio- 
HeHim. B C# h MHorux npyrnx a./ibiicax sto ocyiuec rii.ii-iC'iCM npocTo: npocTO yKaacHTe 
KjnoaeBoe cjiobo throw 6e3 nponojiaceHira, KaK b npenbmymeM (JjparMeHTe Kona. 
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06paTHTe BHiiMaHiie, tio b iipe/pbi/p\Tipe.\i npinviepe He yKa3aH ran HCK. iio'ieiina 
b 6jiOKe catch, nocKOJibKy 3/pcci> Tpe6yeTca nepexBaTbiBaTb aoco.iiOTiio bcc iick. iio'ic- 
Hiia. K ciacTbio, b C# /pocTaio'iiio onycTHTb THn hckjhohchhh, ii niicipyKHiia throw 
noBTopHO creHepupyeT 3 to unc. iio'iemie. 


CoKpbiTue neranei/i peajin3apnn ajih coxpaHeHun KOHTpaKTa 

Hnoiypa 6biBaeT iioyiesno nocjie nepexBaTao/piiom HCKjnoaeHHa creHepiipoBaTb hckjiio- 
'temie/ppyroro Tima. 3 to MoaceT 6biTb iicooxo/pipmo /yia coxpaipeima CMbicjia KOHTpaKTa 
MeTO/l,a. Tim HOBOrO HCKJHOHeHHH AOJOKCH 6bITb KOHKpeTHbIM (He HCn0JIb30BaTbCH 
b Ka'iecTise 6a30Boro hjih jho6oto /ppymm TimaHCKjnoaeHHH). PaccMOTpiiM iiceii/poKO/p 
Tima PhoneBook, onpenejiaioiipero mcto/i, noncKa HOMepa TejiecjxiHa no hmcpph: 

internal sealed class PhoneBook { 

private String m_pathname; // nyTb k cjjaPi/iy c Te/ie<j)OHaMn 

// Bbino/iHeHne apyrux MeTOflOB 

public String GetPhoneNumber(String name) { 

String phone; 

FileStream fs = null; 
try { 

fs = new FileStream(m_pathname J FileMode.Open); 

// HTeHne nepeMeHHOki fs ao o6Hapy>KeHHfl Hy>KHOro MMeHn 
phone = /* HOMep Te/ieijjOHa HanaeH */ 

} 

catch (FileNotFoundException e) { 

// TeHepupoBaHne apyroro ncKmoMeHnn, coflepxaupero hms a6oHeHTaj 
// c 3aaaHneM hcxoahoto ncicmoHeHHB b xanecTBe BHyTpeHHero 
throw new NameNotFoundException(name, e); 

} 

catch (IOException e) { 

// TeHepupoBaHne apyroro ncKmoMeHnn, coflepxaupero hms a6oHeHTaj 
// c 3aAaHneM hcxoahoto ncx/iKiMeHun b xanecTBe BHyTpeHHero 
throw new NameNotFoundException(name, e); 

} 

finally { 

if (fs != null) fs.CloseQ; 

} 

return phone; 

} 

} 


/[aimi.ic TC.Te<))Oimoi o cnpaBoamiKa nojiyaaiOT H3 cjiaiijia (a He H3 ceTeBoro coca a- 
HeHiia hjih 6a3bi naHHbix), ho nojib30BaTejiio THna PhoneBook oto Heii3BecTHO, TaK KaK 
3TO — OCo6eHHOCTb peajIH3aiP,HH, KOTOpaa M0>KCT H3MeHHTbCH B 6y/PyillCM. Il03T0My, 
ecjm iio'ieMy-./miJO (jiaiin He iiaii/peii iijih He mo/KCt 6biTb npoHHTaH, Bbi3biBaioiipHH 
koa nojiynHT hckjiiohcpihc FileNotFoundException hjih IOException, KOTopoe oh 
He O/Kii/pacT. Hna'ic roBopa, cyup,ecTBOBaHiie (jiaiijia h isobmojkiioci P) ero tichum He 
hbjihiotch 'tacTbio HeaBHoro KOHTpaKTa MCTO/pa; tot, kto Bbi3Baji stot mcto/p. He mojkct 
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3HHTb 3apaHee, hto 3th AonymeHiia 6yajnr HapymeHbi. IIosTOMy mctoa GetPhoneNumber 
nepexBaTbiBaeT 3 tiiA saTimaHCKJHOTemiH h reHepnpyeT ismccto huxHOB oe hckmiohciihc 

NameNotFoundException. 

IIpH Hcnojib30BaHini 3'ioro npneMa CACAycT nepexBaTbiBaTb KOHKpeTHbie hckaio- 
Hernia, o6cTOMTCjibCTiia bo3hhkhobchhh kotophxbm xoporno noHiiMaeTe. KpoMeToro, 
Bbi AOJiacHbi 3HaTb, Kaicne THnbi hckatohchhw hbah fotch npoii3BOflHbiMii ot nepexBa- 
TbiBaeMoro Tuna. 

IloBTopHoe reHepupoBaHiie iicii. iio'icimH coo6maeT Bbi3biBaiomeMy ico/py o tom, hto 
mctoa He b coctohhiih pemiiTb CBOK) 3aAany, a Tim NameNotFoundException AaeT eMy 
a6cTpaKTHoe npeACTaBAemie o iipii'inne c6oa. BaacHO 3ajs,ar£b BHyTpeHHee iicK.iioMemie 
hoboto HCKjnoaeHim KaK HMeiomee Tim FileNotFoundException hah IOException, 
hto6m He noTepHTb ero peaubHyio npuHimy, 3HaHHe KOTopoii mo>kct 6biTb iioacaiio 
pa3pa6oTHHKy Tuna PhoneBook. 

BHMMAHME 

Mcno/ib3y3 onucaHHbiti noflxoA, Mbi oSMaHbiBaeM Bbi3biBaiomMM koa b AByxoTHOLueHunx. 
Bo-nepBbix, Mbi ucxaxaeM MHctopMaumooTOM, hto noauio He Tax. B HaineM npHMepe cJaaPi/i 
He yAa/iocb Hatf™, ho mu cooGlamjim o h6bo3mo>xhoc™ Harrm hmh. Bo-btopux, Mbi nepe- 
AaeM HeBepHyio nHcJ)opMau,mo o Mecie c6on. Ecnn 6bi ncxnx5HeHne FileNotFoundException 
Momo npoGmbca HaBepx CTexa Bbi30B0B, ero cbomctbo StackTrace roBopu.no 6bi, hto 
oujn6xa npon30Luna b xoHCTpyxTope FileStream. Ho xorAa Mbi nomoiAaeM 3 to hcxjiio- 
neHi/ie m reHepnpyeM HOBoe NameNotFoundException, TpaccupoBxa CTexa yxaxeT, hto 
OL un6xa npon30iima b 6/ioxe catch, to ecTb Ha paccTonHMM Hecxo/ibxnx CTpox xoas ot 
M ecTa reHepnpoBaHnn HCxmoneHHH. 3 to MO>xeT cepbe3HO 3aTpyAHHTb otnaAKy, noaTOMy 
onncaHHbiFi noAxoA cneAyet ncno/ib30BaTb c octopoxHOCTbio. 


A Tenepb iipc/pio. ; io>icn.vi, hto thii PhoneBook 6ma peajiH30BaH nyTb nna'ic. IlycTb oh 
noA/tepaciiBaeT OTKpbrroe cbohctbo PhoneBookPathname, no3BOAaiomee noAb30BaTeAK> 
aa/uinaTb hah noAynaTh iimh h nyTb k (jiaii.'iy, b kotopom HyacHO ncicaTb HOMep tcjic<):io- 
Ha. I locKo. ibKy iio. iij3oiiaie. : ib 3HaeT, hto Aamibic TCACcjximioro cnpaBOHHHKa 6epyTca 
H3 cjtaHjia, a MOAHcJtHUHpyio mctoa GetPhoneNumber TaK, hto6m oh He nepexBaTbiBaa 
HHKaKHe HCKJiiOHCiirra, a BbinycicaA hx 3a iipc/y.'ibi MeTOAa. 3aMeTbTe: a MeHaio He na- 
paMCTpbi MeTOAa GetPhoneNumber, a cnoco6 ero a6cTparnpoBaHHoro npeACTaBACHHa 
iio. ; ii)30iiaTC. ; iaM THna PhoneBook. B pesy./ibTaTC iio. ; ib30iiaTC./in 6yAyT oacHAaTb, hto nyTb 
npeAycMOTpeH KOHTpaKTOM PhoneBook. 

HHorAa reHepupoBaHiie hoboto iiaciioHemm nocae nepexBaTa yace HMeiomeroca 
npecaeAyeT iie.ibio/i,o6aii.;icime k hcicaiohciiiiio hobmxA aHHbix hahK onreKCTa. OAHaKO 
ora i ic./i i) AOCTHraeTca HaMHoro npome. /],0CTaT0HH0 nepexBaTHTb HCKAKtHemie HyatHoro 
BaM THna, Ao6aBHTb b KOAAeKUHio ero CBOHCTBa Data Tpe6yeMyio iiiKjiopMaiiiiio h cre- 
HepnpoBaTb ero 3aHOBo: 

private static void SomeMethod(String filename) { 
try { 

// Kaxue-TO onepaqun } 
catch (IOException e) { 


npodojiMeuue & 
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// flo6aB/ieHne hmghm 4>aiiyia k o6beKTy IOException 
e.Data.Add("Filename", filename); 

throw; // noBTopHoe reHepupoBaHne toto *e ncK/noHeHna 

} 

} 


XopoimiH npaKTHHecKHH npiiMep: ecjm KOHCTpyKTop Tima reHepupyeT hck. iio- 
neHiie, KOTopoe He nepexBaTMBaeTCH BHyTpn ero MeTOna, sto HCKJiiOHeHiie nepe- 
xBaTLiBaeT cboiimh cpeACTBaMii CLR, a bmccto Hero reHepupyeT HCKjiiOHeHiie 
TypelnitializationException. 3 to nojie3HO, TaK KaK CLR co.3AacT BHyTpn mctoaob 
koa HeaBHoro Bbi30Ba KOHCTpyKTopoB THna 1 . Ecjhi KOHCTpyKTop THna reHepupyeT hc- 
KmoHeHiie DivideByZeroException, Bam koa mo/icct nonbiTaTbca nepexBaTHTb ero 

H BOCCTaHOBHTbCH. IlpH 3TOM Bbl /l,a>KC He y3HaeTe O TOM, HTO 6bIJI 3»a/l,CiiCTBOIiai[ KOH¬ 
CTpyKTop THna. A TaK KaK CLR npeo6pa3yeT hck.tiohchiic DivideByZeroException 
b TypelnitializationException, bbihctko bhahtc, hto npiraimoM hckaiohchhit CTajin 
npo6jieMbi c KOHCTpyKTopoM Tima, a He c BamiiM koaom. 

Bnpo'ie.vi, h 3tot iio/ixo/i HMeeT h CBOii iie/tocrai icn. Ltpn Bbi30Be mcto/ui 'iepe.3 
OTpa>i;cimc CLR aimiMa'i H'ieciai nepexBaTbiBaeT bcc reHepupyeMbie sthm mctoao.m 
HCK jnoneHiiH h npeo6pa3yeT hx ran b TargetlnvocationException. B pe3yjibra- 
Te noHCKa cbcacfih ii o npummax hckaiohcihta rpeSycTca nepexBaTHTb o6beKT 
TargetlnvocationException h npoaHajnroipoBaTb ero cbohctbo InnerException. 
Bojiee toto, npn pa6oTe c OTpaaceim mm n, KaK npaBiuio, npnxoAHTCH ii.victp, acjio npn- 
MepHO C TaKHM koaom: 

private static void Reflection(Object o) { 
try { 

// Bbi30B MeTOfla DoSomething p,na aToro o6beKTa 
var mi = o.GetType().GetMethod("DoSomething"); 

mi.Invoke(o, null); // MeToa DoSomething MOxeT creHepnpoBaTb ncKmoneHne 

} 

catch (System.Reflection.TargetlnvocationException e) { 

// CLR npeo6pa3yeT ero b TargetlnvocationException 

throw e.InnerException; // noBTopHan reHepapnn hcxoahoto ncK/iioMeHnn 

} 

} 


BnponeM, Bee He TaK nnoxo. Ecjih a.th Bbi30Ba 'uicna ncnojib3yiOTCsi npiiMHTHBHbie 
AHHaMHHeCKHe Timbl C# (o HI-IX MbI rOBOpiIJIII B rjiaBC 5), CreHepupOBaHHblH KOMniUIHTO- 
poM koa He nepexBaTbiBaeT BOo6me hhkakhx HCKAionemiH h iic reHepupyeT hckaiohciihc 
TargetlnvocationException; iicxoahoc crcHepupoBaHHoe hckjiiohchhc npocTO nepe- 
Mcmac'iCM BBepx no CTeKy. M.vktiiio iiootomv MHorne paapaooT'inKn bmccto OTpa/icciinii 
npeAnoHHTaiOT nc 11 o.rr>;io na rp> npiiMHTHBHbie /niiia.YnrK'ciaie THnbi. 


1 HonojiHHTejibHyio HTi(|)opManMTo no 3 toh TeMe bbi HaiiAeTe b cooTBeTCTByioineM pa3Aene 
rjiaBbi 8. 
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Heo6pa6oTaHHbie MCK/iiOHehmq 

HTaK, npn noHBJieHini HCK/noneHim CLR HauHHaeT b CTeKe bbi30bob noncK 6 jiOKa 
catch, Tim KOToporo cooTBeTCTByeT Tuny iick'. iio'ichiim. Ecjih hh 0 / 1 , 1111 H3 6jiokob catch 
He OTBenaeT rany itckjiiohchh>t, B03HiiKaeT Heo6pa6omaHHoe ucKjimueHue (unhandled 
exception). OdHapyaciiB b npon,ecce noTOK c Heo 6 pa 6 oTaHHbiM HCKJiioueHHeM, CLR 
HeMen,jieHHO ymeno/i/acT 3tot noTOK. Heo 6 pa 6 oTaHHoe hckjhohcithc yKa3biBaeT Ha 
CHTyaiuiio, KOTopyio He 11 jie/tiin/ieoi nporpaMMiiCT, h aojokho curia i bCM npii3HaKOM 
cepbe3Hoii om 1161/11 b npii/ioaceHiin. Ha 3tom 3Tane o 11 poo.Te.v 1 c c/ic/ivct yBe/tOMHTb 
KOMnaHHK), rae pa3pa6oTaHO npiuioaceHiie, UTodbi aBTopw motjih ycTpamiTb Heno/ia/ricy 
h BbmycTHTb HcnpaBjieHHyio Bepcmo. 

PaapadoT'tHKa.w oiiojuiotck K/iaccoB He ny/i/no ua/ice /py.viaTb o Heo6pa6oTaHHbix hc- 
KJHOneHIIHX. O HIIX AOJiaCHbl 3a6oTHTbCH TOJIbKO pa3»pa6oT'1111/11 npWJIOXCITHH, KOTOpbIM 
b npnjioaceHHH cne/tyeT peajni30BaTb nojiHTHKy, onpeAe/imomyio nopa/roic o6pa6oTKii 
Heo6pa6oTaHHbix hckjiio'icithh. Microsoft pei/OMen/iyci pa./spadoi'iiii/avi npnjioaceHHH 
npocTO npiiHHTb nojiHTHKy CLR, npe/piaraeMyio no y.Yto.T'iamiio. To ecTb b c/iyiae He- 
o6pa6oTaHHoro ncK/noneHim Windows C03/i,aeT 3anncb b acypHa/ie cucTeMHbix coOmthh. 
L l too i,i npocMOTpeTb ero, OTKpoHTe npujioaceHiie Event Viewer h nepcii/urre k ya/iy 
Windows Logs-*Application, KaK noKa3aHO Ha pnc 20.1. 


V 




♦ 41 50 US 



Pmc. 20.1. XypHan Windows Event c nHc()opMaunen o npnnoxeHnn, 
pa6oTa KOToporo 6bina 3aBepineHa n3-3a Heo6pa6oiaHHoro ncK/uonem/is 


/lonojiHiiTCJibHyio HHtJiopMauiiio o npodjieMe mo/kho no/iyniiTb b npHjioaceHHH Win¬ 
dows Reliability Monitor, 3anycKaeM0M H3 naHe/m ynpaB/ieHim Windows. B hidkhch 
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'(acTH OKHa npHjioateHHH, KaK noKa3aHO Ha puc. 20.2, moscho yuri/tCTi, ciiiicok npimo- 

>KCimii, 3aKpbIBIHHXCH H3~3a Heo6pa6oTaHHbIX HCKJIIOHeHHH. 



Pmc. 20.2. npn/ioxeHne Reliability Monitor c MHctiopMapueCi o npmioxeHnnx, 
3aKpbiTbix M3-3a Heo6pa6oTaHHbix nciaiiOHeHnn 



Pmc. 20.3. ripnjioxeHue Reliability Monitor c AonojiHnTe/ibHOM MHctiopMauneCi 

o cboax npnnoxeHMM 
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/f jih nojiy^eHHH eme 6ojiee noApobHofi h i KfiopMaiuHi cjieayeT AsaacAbi mejiKHyTb 
Ha HMeHii ii|)ii. io>kciiiim b mf/Kiicii nacTH >Kypiia. ia Reliability Monitor. IIpHMep iio.ay- 
neHHbix TaKHM cnocoboM ctscachhh noKa3aH Ha puc. 20.3, a pacmucjrpoBKy noneii moacho 
HafiTH b Tab./ 1. 20.2. Bee Heo6pa6oTaHHbie hckmiohcithm, nojiyneHHbie b ynpaBjuieMbix 
n|)ii.TO>iceiiiiax, iioMCiuaiOTCTi b KOHTeiiHep CLR20r3. 


Ta6jimra 20.2. CurHaTypbi npobneM 


HoMep 
no/i si 

OnucaHue 

01 

Hmh iicnojiHfleMoro cjraiijia (orpaHiiaeroie 32 3Haica) 

02 

Bepcua cbopKii ncnojiHHeMoro (jraiuia 

03 

BpeMeHHaa oTMeTKa iicnoaHaeMoro cjraiuia 

04 

IIojiHoe hmh cbopKH iicnoaHaeMoro cjraiijia (orpamiaeHiie 64 3HaKa) 

05 

Bepcua aBapniiHoii cbopKii 

06 

BpeMeHHaa OTMeTKa aBapiiimoii cbopKii 

07 

Tun h MeTOA aBapniiHoii cbopKii. 3 to Menca MeTaAaHHbix MethodDef (nocae yce- 
aemia BepxHero baiiTa 0x06), o6o3Haaaiomaa Meroa, CTaBmiiii npiiaimoH hckaio- 
aeHiia. 3Haa 3 to 3HaaeHite, moacho HaiiTii npodaeMHbie Tim ii mctoa c noMoinbio 
ILDasm.exe 

08 

IL-koa HeKoppeKraoro MeTOAa. B3 hb Beaiiaimy cMemeHiia BHyTpn 3 toto koab, 
npn noMomii ILDasm.exe moacho HaiiTii HeKoppeKTHbiii koa 

09 

Tim creHepiipoBaHHoro iicKAioneHiia (orpamineHiie 32 3HaKa) 


I loe.TC c|/)ITKCaHHH HHCjrOpMapHH O HCKOppeKTHOM 11 ] )H. IOXTCI [ I II I Windows BbIBOAHT 
AHajioroBoe okho, no 3 BOJiHK>mee nojib 30 BaTejno OTnpaBHTb iiHtJiopMaruno 06 omubice 
b Microsoft 1 . /faHHbiii MexaHii 3 M HHcjropMHpoBaHiiH 06 omiibicax Ha 3 biBaeTCH Windows 
Error Reporting. /ioiio.Tiiirrc.TPniyio in[(})op.\iai[iiio o ero paboTC bm mo>kctc‘ nojiynuTb 
Ha caiiTe Windows Quality ( http://WinQual.Microsoft.com ). 

npn atejiaHHH KOMnaHim MoryT 3 apeniCTpHpoBaTbCH b Microsoft h nojiynaTb hh- 
(jiopMauiiio 06 omnbicax cbohx npwAoaccHwif h KOMnoHeHTOB. I lo/pmcKa becnjiaTHa, 
ho TOJibKO npn ycjiOBiin, 'ito cbopKii yAOCTOBepeHbi no/piHCiao VeriSign ID (Apyroe 
Ha3BaHiie — noAnucb ii.3AaTC.TM IIO aah Authenticode). 

BnpoacM, Bbi BnpaBepa 3 pa 6 oTaTb cobc'nsemmo cncTeMy iio.TvicmiM initjiop.Yiauiiii 
o Heo6pa6oTaHHbix iincuo'iemi mx, iico6xoahm\to a.th ycTpaiiemia HeAOCTaTKOB npo- 
rpaMMbi. TIpn HHHUHaAH 3 au:HH npiuioacemiH moacho npoiiHcjropMiipoBaTb CLR, hto ecTb 


1 Rto6h 3anpeTHTb noHBjieHiie OKHa coobmeHiia, iicnoAb3yiiTe P/Invoke aah Bbi30Ba cjryHKitiiii 
Win32 SetErrorMode c nepeflaneft 3HaaeHiia SEM_NOGPFAULTERRORBOX. 
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MCTO/I,, KOTOpblfi I [ V/K110 BbI3bIBaTb KaaCAblli pa3, ia)r/l,a B KaKOM-JIIldo nOTOKe B03HHKaeT 
Heo6pa6oTaHHoe hckviio'iciiiic. 

K co'/icajK'iiino, b pa3Hbix moacjihx n|)ii. io>Kcimii Microsoft hci ro. r f>;jv[O ics-i pa3Hbie 
cnoco6bi no./iyicmiM ;i,ocTyiia k iiiicfiopMauHH Heo6pa6oTaHHbix ncK. iio'icimii. Mojkho 
H cnojib30BaTb cjie/i,vionuie 'uicni.i FCL (iioApooirce cm. /yHCVMeinauino): 

□ /fjia MHorax npHjioaceHHH — co6biTHe UnhandledException KJiacca System.App- 
Domain. npiuioaceHira Windows Store h Microsoft Silverlight He MoryT odpamaTbca 

K 3T0My COOblTHIO. 

□ /fan npHjioaceHHH Windows Store — codbiTira UnhandledException KJiacca Win¬ 
dows .UI.Xaml.Application. 

□ /Jjih npnjio>KCHHH Windows Forms — i!ii|riya.ibiii<iii mcto/i, OnThneadException 
KJiacca System.Windows. Forms .NativeWindow, OAHOiiMeHHbiii BiipTyajibHbiii mctoa 
KJ iacca System. Windows. Forms .Application iicodbmie ThreadException KJiacca 
System.Windows.Forms.Application. 

□ /1,jih npiuioaceHiiii Windows Presentation Foundation (WPF) — codbirae 

DispatcherUnhandledException KJiacca System.Windows .Application, a TaKSce 
codbiTHH UnhandledException h UnhandledExceptionFilter KJiacca System. 
Windows.Threading.Dispatcher. 

□ /fjiH npiijiojKCiniii Silverlight — codbiTHe UnhandledException KJiacca System. 
Windows.Application. 

□ /fjiH npiuioaceHiiii ASP.NET Web Form — codbrme Error KJiacca System.Web. 
UI.TemplateControl. Kjiacc TemplateControl — da30Bbiii juia System.Web. 
Ul.Page ii System.Web.UI.UserControl. KpoMe Toro, mojkho 3a/i,eiiCTB0BaTb co- 
6biTHe Error KJiacca System.Web.HTTPApplication. 

□ /fjiH npiuioaceHiiii Windows Communication Foundation — cboiictbo ErrorFlandlers 
KJiacca System.ServiceModel.Dispatcher.ChannelDispateher. 

B 3aBepmeHiie tcmbi xoTejiocb 6bi cKasarn HecKOJibKo cjiob o Heo6pa6oTaHHbix 
HCKJiioueHiiJix, KOTopbie MoryT npoii30HTH b pacupe/i,ejieHHbix npiijioaceHimx, TaKiix 
KaK liCO-caiiTbi n Bed-cjiyacdbi. B n/teajibiiOM Miipe cepBepHoe npiuioacemie, b kotopom 
cjiyuiuiocb Heo6pa6oTaHHoe hckjttohctthc, 3apeniCTpnpyeT CBe/temm 06 ncicnoaeimn 
b acypHajie, yBe/iOMiiT KjnieHTa o HeB03M05KH0CTH BbinojmeHiiH 3anpomeHHoii one- 
pan,nn ii 3aBepniHT cboio padoTy. Ho mm >kh hcm b peajibHOM Miipe, b kotopom mojicct 
0Ka3aTbcn iieb03M0>K'i[biM orapaBiiTb yiiCAOMjiemie KjmeHTy. Ha HeKOTopbix cepBepax, 
noAAepaciiBaiomiix jiaHHbie coctohhhh (TaKiix KaK, Hanpimep, Microsoft SQL Server), 
HenpaKTHUHO ocTaHaBJiiiBaTb cepBep h 3anycKaTb ero 3aH0B0. 

B cepBepHOM npiuioaceHini iimjjopMauiiio o neodpadoTaimoM HCKJiioueHiiii iieausa 
B03BpamaTb KjmeHTy, TaK KaK eMy ot sthx cne/i,cmiii Majio nojib3bi, ocodemio ecjm kjiii- 
eHT coa/yu i apyroii KOMnaHiieii. Bojiee Toro, cepBep aojdkch npe/i,ocTaBjiHTb KjmeHTaM 
KaK mojkho MeHbine mi(j)0|)Maii,iiii o cede caMOM, TaK KaK sto cmiacaeT BepoiiTHOGTb 
ycneiHHOH xaKepcKoii aTaKii. 
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nPHMEHAHME 

B CLR HeKOTopwe ucxnioHeHnn, reHepupyeMbie MamuHHbiM koaom, paccMaipnBaiOTcn 
KaK ncxmoneHnn noBpe>KAGHHoro cocTonHnn (Corrupted State Exceptions, CSE). fleno 

B TOM, 4TO 06 bNH 0 OHM HBnHIOTCH C/ieACTBMeM npo6/ieM C CLR MJ1M C MaLUMHHblM KOAOM, 
HenoAKOHTpo/ibHbix pa3pa6oTHMKy. no yMonnaHMio CLR He no3BonneT ynpaBnneMOMy 
KOAy nepexBaTbiBaib Taxue ucxni04eHun m 6tiok finally He BbinonHneTcn. Bot cnMCOK 
CSE-MCKJlIOHeHMM b Win32. 


EXCEPTION_ACCESS_VIOLATION 

EXC E PTION_STACK_OVE R F LOW 

EXCEPTION_ILLEGAL_INSTRUCTION 

EXCEPTION_IN_PAGE_ERROR 

EXCEPTION_INVALID_DISPOSITION 

EXCEPTION_NONCONTINUABLE_EXCEPTION 

EXCEPTION_PRIV_INSTRUCTION 

STATUS_UNWIND_CONSOLIDATE 


OTAenbHbie ynpaB/iaeMbie MeTOAbi MoryT neperpyxaTb MeTOAbi, npeAnaraeMbie 
no yMonnaHMKa, n nepexBaTbiBaib 3 tm ncxmoHeHun, npuMeHsn k MeTOAy aTpnbyT 
System. Runtime. ExceptionServices. Handle ProcessCorruptedStateExceptions- 
Attribute. KpoMe Toro, k MeTOAy AonxeH 6biTb npnMeHeH aTpnbyT System.Security. 
SecurityCriticalAttribute. Moxho neperpy3MTb MeTOAbi, npeAnaraeMbie no yMO/inaHMio 
Ann Bcero npopecca, npncBOUB aneMeHTy legacyCorruptedStateExceptionPolicy b koh- 
cpMrypau,MOHHOM XML-cpanne npnnoxeHnn 3HaneHMe true. CLR npeo6pa3yeT bonb- 
lumhctbo 3tmx MCKnKjHeHMM b obtexT System.Runtime.InteropServices.SEHException. 
To/ibKO MCK/itoneHMe EXCEPTION ACCESS VIOLATION npeobpa3yeTcn b obtexT System. 
AccessViolationException, a ucxni04eHue EXCEPTION STACK OVERFLOW— b obtexT 
System .StackOverflowException. 


nPMMEHAHME 

nepeA Bbi30B0M MeTOAa moxho BOcnonb30BaTbcn mbtoaom EnsureSufficientExecutionStack 
xnacca RuntimeHelper Ann npoBepxn xonu4ecTBa CBoboAHoro Mecia b ciexe Ann Bbi30Ba 
«cpeAHero» MeTOAa (xoTopbiu He MMeeT neixoro onpeAeneHun). Ecnu Mecia b ciexe 
HeAOCTaTOHHO, MeTOA reHepupyeT MCxmoneHMe InsufficientExecutionStackException, 
xoTopoe Bbi Moxeie nepexBaTMTb. MeTOA EnsureSufficientExecutionStack He npMHMMaeT 
apryMeHTOB m B03BpaiAaeT 3HaneHMe Tuna void. ObbiHHO oh npMMeHneicn c pexypcuB- 
HblMM MeTOAAMU. 


OT/iaAKa MCK/HOHeHMM 

B OTjiaAAiiKe H3 Microsoft Visual Studio ecTb cneunajibHaji no/mepacica ncK. no'icimii: 
isbidcprnc KOMaiiAy Exceptions b \iemo Debug — iiomuncM AuanoroBoe okho, noica3aH- 
Hoe Ha pric. 20.4. 
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Pmc. 20.4. flna/ioroBoe okho Exceptions c pas/insHbiMn ucKmoHeHnaMM 


3/tecb noKa3aHM thiim hckjhouchhh, no/t/tepac HBaeMbie Visual Studio. PacKpbiB 
BCTBb Common Language Runtime Exceptions, Kaic noica3aHO Ha puc. 20.5, bm yBH/i,HTe 
npocTpaHCTBa hmch, no/mepaciiBaeMbie OTjia/uniKOM H3 Visual Studio. 



Pmc. 20.5. CLR-ucK/iiOHeHUfl, ynopsAonem-ibie no npocTpaHCTBaM nivieH, 
b flua/ioroBOM OKHe Exceptions b Visual Studio 


PacKpbiB npocTpaHCTBO hmcii, KaK noKa3aHO Ha puc. 20.6, bbi yuri/unc Bee onpe/te- 
jieHHbie b HeM THnbi, npoii3Boa,Hbie ot System. Exception. 

Ecjih ajih Katcoro-jrado hckjiioucuum ycTaHOBJieH cjuiaacoic Thrown, npn reHepau,ini 
3Toro uc k. iio'ici i hm OTjia/i/iu k ocTauoisuTcn. B momcht ocTaHOBa cpc/ia CLR erne He 
npiiCTyniuia k noncKy noAxo/uimero djioica catch. 3to MoaceT 6i>rn> no.Te.3iio /ijhi ot- 
jia/rKii Ko/ra, OTBCTCTBCHHoro 3a nepexBaT h o6pa6oTKy cooTBCTCTByiomero hckjiiohciihm. 
Taioice sto mo>kct npiiro/tHTbCJi b crn yaiuiu, Kor/ra bm uo/UjapenacTC, [ ito komhohcht 
hjih 6u6. : uiOTCK'a uoiviomacT hjih noBTopHO reHepupyeT ncic uo'iemie, h He 3HaeTe, r;te 
nOCTaBHTb TO 'IKY OCTaHOBa, UTOdbl 3aCTaTb KOM IIOI [Cl IT <<Ha MeCTe ll|)CCTyil.Teillia». 

Ecjih /pin hckjjio'icithu cjuiaacoK Thrown He ycTaHOBJieH, onia/put k ocTauoisirroi, 
TOJibKO ecjiH nocjie iioaii. ; ieiiiia cooTBeTCTByiomero ucK. uoaemia oho ocTaiieTca Heod- 
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pa6oTaHHbiM. 3to Han6ojiee nonyjuipHHH BapnaHT, TaK KaK o6pa6oTaHHoe HCKAioueHHe 
03HauaeT, uto npiiJioaceHiie npe,a,Bii/i,HT B03HiiKH0BeHiie hoao6hmx HCKAioueHHH h 3HaeT, 
KaK C HIIMH CnpaBJIHTbCH. 



Pmc. 20.6. flna/ioroBoe okho Exceptions b Visual Studio c CLR-ucK/iKoneHunMu, 
onpeAe/ieHHbiMn b npocTpaHCTBe mvieH System 

Bbl MOJKCTC OnpeAejIHTb Co6cTBeHHbie THnbI HCKAIOHCITMH H Ao6aBJIHTb HX B OKHO, 
mejiKHyB Ha KHonKe Add. IIpii otom noHBJiaeTCH AHaAoroBoe okho, noKa3aHHoe Ha 
pwc. 20.7. 



Pmc. 20.7. nepeAana Visual Studio CBeAeHMM o co 6 ctb 6 hhom Tune ncK/nonei-inn 

B 3tom OKHe CHanana BbidupaiOT ran Common Language Runtime Exceptions, a 3 aTeM 
BBOAHT nOJIHOe IIM 'A COOCTIICIIIIOm THna ITCKA TOUCH MIT. B 150/1,11 Mblii THn He o6)!>l3aTe.;U,IIO 
AOJiaceH 6biTb hotomkom System. Exception, TaK KaK THnbi, He coBMecraMbie c CLS, 
noA/tepaaiBaiOTCH b nojiHOM o6beMe. Ecaii y Bac Asa hah OoAbrne ranoB c OAHHaKOBbiMii 
HMCHaMIT, HO B pa3HbIX c6o|)l<aX, pa3AHHHTb 3TH THnbi l[ 0 HO 3 MO>KTIO. K C'taCTIilO, TaKOe 
cjiyiaciCTi peAKo. 

Ecah b Barnett c6opKe onpcACAcm.i HecKOAbKO thhob hckaiohchhh, CAeAyeT Ao6aB- 
AHTb hx no O'lepcAii. H 6bi xoTeA, 'ri'OObi b cjie/iyiomcii BepcHti sto AwaAoroBoe okho 
no3BOAHAO HaxoAHTb c6opKy h aBTOMarauecKii HMnopTHpoBaTb H3 Hee B OTJia/em K 
Visual Studio bcc THnbi, npoii3BOAHbie ot Exception. A B03M0ACH0CTb AonoAHtiTeAbHoii 

HACHTHCjuiKaUIIH KatKAOTO THna no HMCHII cdopKII peiHHAa 6bl npodAeMy OAHOHMeHHbIX 
THnOB H3 pa3HbIX c6opOK. 
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CKOpOCTb o 6 pa 60 TKM MCK/IIOHeHMM 

B coo6mecTBe nporpaMMHCTOB Bonpocbi SbiGTpoAeftcTBHH, oiia;saimi>ie c o6pa6oTKofi 
HCKJHOHeHHH, o6cy>K/taiOTCM oaem. aacTO h aKTHBHO. HeKOTopbie nonb 30 BaTejiH cui- 
TaiOT 3 Ty ri|)onc;typy HacTOAbKO .vic/uicimoii, hto OTKa 3 breaiOTCH k Hefi npn6eraTb. Ho 
h yTBepacAaio, hto aah ofibCKTHo-opHciTTPipoTiannoii njiaTcj)opMbi o6pa6oTKa iicKAioHe- 
hhh oOMsa'icjiijiia. Co6cTBeHHO, 'ic.vi ee moacho 3 aMeHiiTb? 11 cvacca11 bh iipeAiio'ncTC, 
hto 6 h MeTOAbi B 03 BpamajiH 311a 1 peuiie true hah false, >no 6 i>i coo 6 maTb 06 ycnexe 
hah iiey/i.a'ie CBoeft pa6oTbi? Hjih BOcnojib 3 yeTecb kii/iom oihii6ok THna enum? B otom 
cjiyaae Bbi cm. iKiieiccb c xy/unii.viu cTopoHaMii o6ohx pemeHHH. CLR h koa 6ii6jniOTeK 
KJiaccoB Gyjxyr reHepiipoBaTb mckapohcithm, a Bam koa HanHeT B 03 BpamaTb koa oihh6ok. 
B HTore BaM bcc paBHO iipiiACToa BepHyTbCH k Heo6xoAHMOCTii o6pa6oTKii iKTC.iioaeuiiii. 

TpyAHO cpaBHiiBaTb 6bicTpoAeHCTBiie MexaHii 3 Ma o6pa6oTKii ucK. iio'ieimii h 6oacc 
npiIBbTMHblX CpeACTB yBCAOMACHIIH 06 HCKAIOHeHHHX (B 03 BpameHIIH 3 HaHeHIIH HRESULT, 
cneu,iiajibHbix koaob h t. n.). Eca u bh iianinircTC koa, kotophh caM 6yAeT npoBepuTb 
3 HaHeHiie, B 03 BpamaeMoe KaacAbiM Bbi 3 BaHHbiM mctoaom, cjjiiAbrpoBaTb h nepeAaBaTb ero 
KOAy, BbI 3 BaBmeMy MCTOA, TO 6bICTpOAeHCTBIie npifAOACCTTHH CC|) 1)03110 CHH 3 HTCH. /(.aiice 
eCAII OCTABIITb 6bICTpOAefiCTBIie B CTOpOHe, o6bCM AOnOAHIITeAbHOrO KOAIipOBaHIIH H no- 
TeHipiajibHaH B 03 M 0 ACH 0 CTb omn6oK oKa/icyiCM i pcpio/opjCmip i)P,\i pi. B TaKOii o6cTaHOBKe 
o6pa6oTKa iioic.iioaemiii BbirAHAHT HaMHoro jiypiiicii ajibTepHaTHB oh . 

Heyiipaiciae.vtii.vi KOMimjiaiopaM C++ npHxoAHTCH reHepiipoBaTb koa, otcjic/icip- 
BaiomHH ycneiimoe co 3 Aamie o6beKTOB. KoMmiAHTop TaKAce aoaacch reHepiipoBaTb koa, 
kotophh npn nepexBaTe iicic.iio'icuiia Bbi 3 biBaeT ACCTpyKTop aah layiomH 3 ycnemHO 
C 03 AaHHbix ofp'bcicmii. Koi pc' ino, 3 aopobo, hto ico.vi1111./IATop npiiHiiMaeT 3 Ty pyTiiHy Ha 
cc6h, OAHaKO oh reHepupyeT b ii|)ii.io/KCiiipii CAiimKOM miioio KOAa aah isc/tciiuoi BHy- 
TpeHHeii <<6yxrajiTepnii» o6beKTOB, mpo HeraTiiBHO bahact KaK Ha o6'i>cm KOAa, TaK h Ha 
BpeMH no i ioa i pci p i i a. 

B to /ice ispc.MH yii|)aii. ; mcMbiM icoMiiii.iinopaM HaMHoro Aerae bccth ypcx o6beKTOB, 
iiocico.ii)icy naMHTb aah yiipaii./iMC.viP)ix o6beKTOB BbmeAHeTCH H 3 ynpaBAHeMOH icyiii, 
3 a KOTopoH c.iCAiii' y6opmiiK Mycopa. Ecah o6i>cici' 6ha ycnemHO C 03 AaH, a 3 aTeM bo 3 - 
hhkao iieic. iioueipiie, y6opmiiK Mycopa, b icoipcpiiom cpctc, ocbo6oaht naMHTb, 3 aHHTyio 
o6beKTOM. KoMnHAHTopy He npHxoAHTCH reHepiipoBaTb koa Aah BHyTpeHHero yicia 
ycnemHO co 3 AaHHbix o6beKTOB h iiocAC/i,yiomem Bbi 30 Ba ACCTpyKTopa. 3 to aiianin', m po 
b cpaBHeHiiii c HeynpaBAHCMbiM koaom Ha C++ KOMniiAHTop reHepupyeT MeHbine KOAa, 
MCHbme KOAa o6pa6aTbmaeTCH h bo bpcmh BbinoAHeHiiH, b pe 3 yAbTaTe 6biCTpoAeiiCTBHe 
iipiiAO/KCiiiia pacTeT. 

3 anpomeAHiHe toah MHe npHxoAHAOCb noAb 30 BaTbCH o6pa6oTKofi iicic. iio'ieiiiiii Ha 
MHonix H 3 biKax, b pa. 3 .iii‘mi>ix OC h b ciicTeMax c pa 3 HbiMii apxiiTeKTypaMii nponeccopa. 
B KaacAOM cjiyiac o6pa6oTKa hckaiohcttiih 6biAa peaAii 30 BaHa iio-ciioc.viy, co cbohmh 
AOCTOiiHCTBaMii ii HCAOCTaTKaMii. B iicicoiopbix CAynanx KOHCTpyKu,iiii, o6pa6aTbiBaio- 
miie pic k. iio'pci ilia, KOMmiAiipyiOTCH npHMO b mctoa, a b Apynix Aaiiiii)ic, CBH 3 aHHbie 
C o6pa6oTKOli HCKAIOHCTIIIH, xpaHHTCH B CBH 3 aHH 0 H C MeTOAOM Ta6AHH,e, K KOTOpofi 06- 
pamaiOTCH TOAbKO npH B 03 HIIKH 0 BeHIIII HCKAIOHeHHH. OaHII KOMmiAHTOpbl HC CnOCo6HbI 
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BwnojiHHTb noACTaHOBKy Ko/ia mcto/iob, coaepacamiix o6pa6oTmiKii hctcaiohcithm, apyriie 
He peniCTpHpyiOT r iepe‘MCi 111 i>rc, ecjra b mctoac ecTb o6pa6oTHHK hckjhohciihh. 

CyTb B TOM, 'HO lie. : IP)3M OH,eHIITb liCJIH'IHliy AOnOJIHHTejIbHbIX H3/l,Cp>KCI<, KOTOpbie 
BjieneT 3a co6oft o6pa6oTKa HCKJHoaeHHH b npiuioacemni. B ynpaBjiaeMOM Miipe c/iejiaTb 
TaKyio ouemcy eme TpyAHee, TaK KaK koa cdopKii MoaceT pa6oTaTb Ha ak>6oh njiaTcj)opMe, 
iiOAAcpacHiiaioineH .NET Framework. TaK, koa, creHepupoBaHHbiii JIT-KOMnruiaTopoM 
Aah o6pa6oTKii HCKJHOHeHHH Ha MamiiHe x86, 6yfl,er CHjibHO OTAiiaaTbca ot KOAa, creHepii- 
poBaHHoro JIT-KOMmuiHTopoM b cricTeMax c npoueccopoM IA64 hjih JIT-KOMniuiHTopoM 
H3 .NET Compact Framework. 

Mme Bee ace y/iaaocb npoTecmpoBaTb HeKOTopbie moh nporpaMMH c pa3HbiMii 
JIT-KOMnujiHTopaMH npori3BOACTBa Microsoft, iipe/iiia.'iiia'feimiiiMn ,yia BHyTpeHHero 
Hcnojib30BaHim. H HeoacimaHHO o6HapyacHji orpoMHyio pa3Hiin,y b 6bicTpo7iCHCTBHH. 
Oreio/ta cjieaycT, [ rro HyacHO TecmpoBaTb cboh koa Ha Bcex n. : iaT<))opMax, Ha kotophx 
npeAnoaaraeTCH ero ripn mcii n r i>, h BHOCHTb coo'i isctc'i bvioihiic iia.vienemiH. H b atom 
cjiyrae a 6bi He decnoKoruica o CHHaceHHH 6biCTpoAeiicTBHH H3-3a o6pa6oTKH hck.iio- 
'temiii. KaK a yace OTMeaaa, iioarrsa ot o6pa6oTKH ncic. iio'ieiinii HaMHoro iiepciicniiiiiacT 

3TO cHHaceHHe. 

Ecjih BaM HHTepecHO, HacKOJibKO o6pa6oTKa ncic. rro'reir 1 1ii CHiiacaeT iipoii.3BO/i,iiTC. : ib- 
HOCTb Bamero KOAa, ncnoab3yHTe BCTpoeHHbiii mohiitop npoii3BOAHTeabHOCTii Windows. 
noKa3aHHbiii Ha puc. 20.8 chiimok aKparn AeMOHCTpnpyeT chcthttkii, CBH3aHHbie c o6pa- 
ooTicoii HCKJiioaeTniii, KOTOpbie ycTairaii.MiiiiaiOTca npn ycTaHOBKe .NET Framework. 








Pmc. 20.8. CneTHMKn ncicnio'HeHni/i .NET CLR b OKHe Mom/iTopa npoa3BOAHTeabHOCTn 


BpeMH ot BpeMeHii iioira;i,aci CM KaKoii-HiidyAb aacTO Bbi3biBaeMbiii mctoa, KOTopbiii 
aKTHBHO reHepupyeT iicic. iio'iciih a. B TaKofi cirryanMH CHiiaceHiie iipoiiaiKj/pcreaimocTii 
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H3-3a o6pa6oTKH CAHIHKOM 'PaCThlX HCKATOHCTTMH ()l<a.3P)lliaCTCM 0'K‘III, .ilia'IH IC. IPilllil.Vl. 
B nacTHOCTH, b Microsoft cjibiinanH ot HecKOJibKiix K. incmoii acaAo6bi, tpo npn Bbi30Be 
MCTO/i.a Parse Kjiacca Int32 nnepeAaaeHCKoppeKTHbix AaHHbix, mseACiiiiiax lame'inijiMii 
nojib30BaTejiHMH, B03HiiKaji c6oh. TaK KaK mctoa Parse Bbi3biBajica aaero, l enepanna h 
nepexBaT ncic.no'ieimii cepbe3HO cim>Ka;in o6myio pi])0H3iso/p,ii peji i>ipcpcp Pj npHAoaceHiia. 

JXjisi pemeiiiiM 3aHBJieHHofiKJiiieHTaMi-i iipo6. : ie.\pp>i hb cootbctctbiih c npiniuHnaMn, 
oimcaHHbiMH b 3toh iviaise, cnepnajiHCTbi Microsoft ;i,o6aiiii./m b KJiacc Int32 mctoa 
TryParse, H.vieioinnii /(Be neperpyaceHHbie licpcnn: 

public static Boolean TryParse(String s, out Int32 result); 
public static Boolean TryParse(String s, NumberStyles styles, 

IFormatProvider, provider, out Int32 result); 

KaK BHUHTe, Bee 3th MeTOAbi B03Bpamai0T aiia'ieime THna Boolean, yKa3biBaiomee, 
conepacHT ah i icpc/aiipi iaa CTpoKa chmboam, KOTopbie moacho npeo6pa30BaTb b Int32. 
3th MeTOAbi laicace B03Bpamai0T bmxoahoh napaMeTp result. Ecah mctoah B03Bpa- 
maiOT 3HaaeHHe true, napaMeTp result coAepacHT pe3yAKraT npeo6pa30Bamia CTpoKii 
b 32-pa3pHAHoe u,eAoe. B npoTHBHOM caytae stot napaMeTp oKaaiaiiacTCM paBeH 0, ho 
3to .'iipa'ieiiiie ispaA aii MoaceT HcnoAb30BaTbca b KOAe. 

H 6bl XOTeA a6cOAIOTHO 'ICTKO npOHCHIITb OAHy ISCI[l[>: B03BpaT MeTOAOM TryXxx 
3HaneHiiH false yKa3bmaeT Ha oaiih ii toabko oaiih ran c6oa. /[pi a Apyrnxcooeis mctoa 
M oaceT reHepupoBaTb iicic.pio'pcipiih. I [aiipii.vicp, mctoa TryParse KAacca Int32 b CAyaae 
iiepe/ui'Pii HeBepHoro napaMeTpa reHepupyeT iick. iio'pcipiic ArgumentException. H ko- 
HenHO ace, oh MoaceT cieiiepiipoisaTP, picix. iiomcippio OutOfMemoryException, ecAii npn 
Bbi30Be TryParse nponcxoAHT omn6Ka liiji/iejiciipaai naMHTH. 

TaKace xotcmoci, 6m p i o/i,mc]) ici p vt ij., tpo o6beKTHO-opHeHTHpoBaHHoe nporpaMMH- 
poBaHiie noBbimaeT npoii3BOAHTeAbHOCTb TpyAa nporpaMMHCTa, h hc hocacahhm (jjaic- 
TopoM hbahctch 3anpeT Ha i icpe/tany koaob oihii6ok b 'uienax thhob. H iia'ie roBopa, 
KOHCTpyKTOpbl, MeTOAbI, CBOHCTBa H np. C03Aai0TCH C paC'ICTOM Ha TO, 'I PO B HX pa6oTe 
c6ocb He 6yAeT. H iipii ycAOBHH npaBHAbHOCTH oiipcACAeiiiia b 6oAbmiiHCTBe cjiytaeii 
npn iicnoAb30BaHHH THnoB c6oeB He 6yAeT, a aiiaauT, He 6yAeT cttptacciiiim npoii3BOAH- 
TeAbHOCTH, o6yCAOBAeHHOrO HCKAIOHeHHHMH. 

Timbl H IIX MACIPbl CAeAyeT OnpeACAHTb TaK, HTo6bI CBeCTH K MIIHIIMyMy BCpOaTHOCTb 
hx c6oeB b CTaHAapTHbix CHeiiapiiMx hx iH'iio. imoisaiiiia. Ecah bm no3ace ycAbiniHTe 

OT CBOHX KAHeHTOB, 'ITO 113,-33 libl/Ul'III MHOACeCTBa HCKAKDHeHHH npOH3BOAHTeAbHOCTb 

HeyAOBAeTBopHTeAbHa, TorAa h TOAbKO TorAa HMeeT cmmca noAyMaTb o Ao6aBAeHim 
b ran MeTOAOB TryXxx. H iiane roBopa, cipa'iajia hhao C03AaTb onTHMaAbHyio o6beKT- 
HyiO MOACAb, a 3aTeM, eCAH n0Ab30BaTeAH OKaaCyTCa HeAOBOAbHbIMH, Ao6aBHTb B THn 
HecKOAbKo MeTOAOB T ryXxx, KOTopbie ofcieiaaT hm acH3Hb. TeM ace, kto He HcnbiTbiBaeT 
npofiaeM c npoH3BOAHTeAbHOCTbio, Ayr me npoAOAacHTb pa6oTaTb c hcxoahoh isepcueii 
THna, noTOMy [ ito OHa HMeeT 6oAee coBepmeHHyio o6beKTHyio MOAeAb. 
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06/iacTM orpaHMHeHHoro BbinojiHem/m 

Bo MHOOIX II|)I1. [()>KCIII1 MX He HyjKHbl BbICOKaH HaA6ACHOCTb H CnOCo6HOCTb K BOCCTaHOB- 

jieHiiio iioc/ie .1106i)ix c6oeB. 3 to othochtch, npeacAe Bcero, k 1c.111emc1c11.Yi npii. ioacemi- 
hm — HanpHMep, Notepad.exe h Calc.exe. Mhooic H3 Hac CTajiKHBajiHCb c cmyaiuieii, 
Koraa npiuioaceram H3 naKeTa Microsoft Office — WinWord.exe, Excel.exe h Outlook, 
exe — npocTO 3 aBepmaiOT cboio pa6oTy H 3 - 3 a Heo6pa6oTaHHbix hckapohcpphm. Taicace 
MHorae cepBepHbie nprinoAceHiiH (iiaiipiixiep, Be6-cepBepbi) He hmciot AOArocpouHoro 
cocTOHHiiH h b c/iyiae Heo6pa6oTaHHbix hckjiiohciihh aBTOMaranecKii nepe 3 arpyaca- 
iotch. Koiie'mo, a/i/i HeKOTopbix cepBepoB (naii|)iiMcp, SQL Server) iio'iopa ,i,aiiiibix 
b 110/1,0611 i)ix c/iyia/ix HaMHoro 6onee icpin ii'iiia. 

B CLR HH(|)opMau,iiJi o coctohhiih xpaiuTTca b K/iacce AppDomain (noApo6HO oh 
paccMOTpeH b ic/iane 22 ). Ero Bbirpy 3 Ka conpoBoacAaeTcn Bbirpy 3 Kofi Bcero coctohhiih. 
CooTBeTCTBeHHO, ec/ni noTOK b aoMCiie npHjioaceHHH CTa/iicuisacTCH c Heo6pa6oTaHHbiM 
HCK/noHeHiieM, MO/i)iio Bbirpy 3 HTb aomcip (y^ajinB Bee coctohhiih), He a.aiicpmaa Bcero 
npouecca 1 . 

OdjiacmbK) o^paHu^eHHO^o eunojmenuH (Constrained Execution Region, CER) Ha- 
ai)i isaoTCM (jppaiwem ico/pi, KOTopbifi /1,0/1 acen 6biTb ycTOHUHBbiM k c 6 ohm. Tan KaK ao- 
MCHbi npHjioaceHHH /(onycKaiOT Bbirpy 3 Ky c yHHHToaceHiieM CBoero coctohhiih, 06/iacTH 
orpaHiineHHoro Bbino/iHeHiin odbiHHO cnyacaT pjm ynpaBnemin cocTOHHiieM, o 6 uihm /yw 
HeCKOJIbKHX nOMCIIOli HJIH npOH,eCCOB. OCOOCIIIPO OHII nOJie 3 HbI, ec/ni Bbl Co6lipaCTCCP> 
paoo'ia'i P) c cocToaimcM, b kotopom lio.iMovpc 111)1 ii(‘o/icii/i,aiiiiP)ie hckapohciiiup. Taicue hc- 
K/noneHiiH iippor/ia Ha 3 biBaioT acuHxpomuMU (asynchronous exceptions). EianpriMep, 
Ann Bbi 30 Ba .victo/pi cpe/pi CLR/nj/i/iciia aai'py.ain p> cdopKy, C 03 AaTb ran oobcicxa b icy pc 
3 arpy. 3 'i iiica Aoxieiia npH/ioaceHHH, Bbi 3 BaTb CTaranccKHH KOHCTpyKTop rana, CKOMnn- 
/rapoBaTb IL-koa b MamiiHHbiH koa h t. n. C6oii MoaceT npoii 30 Hra b xoae /no6oii H 3 
arax oiiepauuii, h CLR onoBecraT 06 3 tom npn noMomu hckaiomchhh. 

Ecjih jiio 6 oh TaKori c6ofi npoH30HAeT b 6/iOKe catch hjih finally, koa BOCCTa- 
IIOBACPIH>T HAH O'lllCTICIP 6yAeT BbinOAHeH He nOAHOCTblO. PaCCMOTpHM npHMep KOAa, 
b kotopom B03MoaceH c6oii: 

private static void Demol() { 
try { 

Console.WriteLine("In try"); 

} 

finally { 

// HefP BHbIM Bbl30B CTaTMHeCKOrO KOHCTpy KTopa Typel 
Typel.MQ; 

} 

} 


1 3to BepHO aah caynaeB, KorAa noTOK He bhxoaht 3 a npeAeati OAHoro KAacca AppDomain 
(noAohHO TOMy, KaK ASRNET h ynpaBAaeMHii SQL-cepBep xpaHHT cucnapiro nponeAyp). Ho 
AAH noTOKOB, nepeceKaiomiix rpammbi AOMeHa npiuioaceHHii, MoaceT noTpe6oBarc>CH 3aBepmeHne 
pahoTbi. 
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private sealed class Typel { 
static Typel() { 

// B c/iyuae MCK/iioMeHMa M He Bbi3biBaeTca 
Console.WriteLine("Typel's static ctor called"); 

} 

public static void M() { } 

} 


Bot pe3yjibTaT pa6oTbi stoto Kona: 

In try 

Typel's static ctor called 

HaMHyacHO, 'noobi koab 6jiokc try BbinojiHHjicaTOJibKOnpnycjiOBHH m.iiio.inoimM 
KO/ta b ciiM.'iamibix c hum 6jiOKax catch h finally, /lym axoro koa ojicavcx' iicpcimcaxb 
TaK: 

private static void Demo2() { 

// noflroTaB/iHBaeM koa b 6/iOKe finally 

RuntimeHelpers.PrepareConstrainedRegions(); // npocTpaHCTBo HMeH 

// System.Runtime.CompilerServices 

try { 

Console.WriteLine("In try"); 

} 

finally { 

// HeBBHblii Bbl30B CTaTHHeCKOTO KOHCTpy KTopa Type2 
Type2.M(); 

} 


public class Type2 { 
static Type2() { 

Console.WriteLine("Type2's static ctor called"); 

} 

// Hcno/ib3yeM aTpn6yT, onpeAe/ieHHbm b npoCTpaHCTBe HMeH 
// System.Runtime.ConstrainedExecution 

[ReliabilityContract(Consistency.WillNotCorruptState, Cer.Success)] 
public static void M() { } 

} 


I loc.;ic 3anycKa stoh bcpcixn KOAa iio.xy'iacM: 

Type2's static ctor called 
In try 

Mctoa PrepareConstrainedRegions nrpaeT oco 6 yio poxib. OSHapyxiiB ero nepeA 
6 jiokom try, JIT-komiiiiajitop ne.viCAAemio iia'iniiaei KOMmuiiipoBaTb cooTBeTCTBy- 
k mu lie 6 )./iokti catch h finally. JIT-KOMnHjiHTop 3 arpyacaeT jiio 6 bie c 6 opicii, co. 3 /i,acx' 
jiio 6 bie THnbi, Bbi3biBaeT . 1106 bic cxaxTi'iecKixc KOHCTpyKTopbi h KOMim.nipycx' . 1106 i.ic 
MeTOAbi. Ecjih xoth 6 bi 0 / 1 , 11 a 113 sthx onepannii aaci' c 6 oh, ncicno'ienne B03HiiKaeT do 
Bxona noTOKa b 6 jiok try. 
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B npoiiecce noaroTOBKH mcto;i,ob JIT-KOMnnanTop npocMaTpimaeT Becb rpacj) bh- 
30B0B. ()/l,liaK'0 o6pa6aTbIBaeT OH TOabKO MeTOabI, K KOTOpbIM 6bljl lipil.YKTICH aTpn6\'T 
ReliabilityContnactAttnibute co 3HaHeHiiHMii napaMeTpa Consistency paBHbiMH 
WillNotCor ruptState hjih Consistency. MayCor ruptlnstance, TaK KaK aaa mctoaob, 
KOTopbie MoryT noBpeanTb aoMeH npnaoaceHiiH hjih coctohhhc npoiiecca, CLR He 
aaeT HiiKaKiix rapaHTHH. HyacHO rapaHTiipoBaTb, tio BHyTpn a.amninae.viom mctoaom 
P repareConstnainedRegions 6jioKa catch hjih finally 6yayT Bbi3biBaTbca TOJibKO 
MeTOAbi c HacTpoeHHbiM, KaK noKa3aHO b npeabiaymeM (jjparMeme KO/ta, aTpn6yTOM 
ReliabillityContractAttnibute. 

Bot KaK BbiraHAHT 3 tot aTpn6y'r: 

public sealed class ReliabilityContractAttribute : Attribute { 
public ReliabilityContractAttribute( 

Consistency consistencyGuarantee, Cer cer); 
public Cer Cer { get; } 

public Consistency ConsistencyGuarantee { get; } 

} 

Oh aacr pa3pa6oT'niKy B03M0acH0CTb yKa3aTb CTeneHb HaaeacHOCTH OTaeabHoro 
MeToaa 1 . limbi Cen h Consistency othochtch k nepeHiicjieHimM h onpc/icjia iotoi 
cjieayioHiHM o6pa30M: 
enum Consistency { 

MayCorruptProcess, MayCorruptAppDomain, 

MayCorruptInstance, WillNotCorruptState 

} 

enum Cer { None, MayFail, Success } 

Ecjih Bam .vtcroa rapaHTiipoBaHHO He mo/icct noBpeanTb cocTOHHiie, Hcnojib3yHTe 
ana'iemie Consistency .WillNotCorruptState. B npoTHBHOM cjiyaae Bbi6epHTe oaho 
113 Tpex apyrnx aiia'iemni b 3aBiiciiMOCTH ot CTeneHii ero HaaeacHOCTH. /[.jia .vicToaa 
c rapaHTiipoBaHHO ycnemHbiM 3aBepmeHiieM Hcnojib3yHTe ona'iemic Cen.Success. 
B npoTHBHOM cjiyaae Bbi6HpaHTe napaMeTp Cen. MayFail. JIio6oh Meraa, jyia KOToporo 
He onpeaejieH aTpn6yT ReliabilityContnactAttnibute, MoacHO cniiTaTb noMeneHHbiM 
TaKHM BOT o6pa30M: 

[ReliabilityContract(Consistency.MayCorruptProcess, Cer.None)] 

3na'iemie Cen.None yKa3biBaeT, 'no hhkhkhx CER-rapaHTHii b aamio.vt cjiyiae He 
aaeTca. /IpyriiMii cjiOBaMii, mctoa MoaceT 3aBepmiiTbCH HeyaanHO h aaace we coo6miiTb 
06 3TOM. IIOMHHTe, 'ITO 6ojIbIHIIHCTBO 3THX Iiapa.VICTpOB /l.aiO'1 MCTO/IV B03M0aCH0CTb 
npoiiHcjiopMHpoBaTb Bbi3biBaiomyio CTopoHy, Hero ot Hero MoacHO oacnaaTb. CLR 11 JIT- 
KOMHHjiHTop 3 th ciieacmia uraopupyiOT. 

x lTo6bi HanucaTb HaaeacHbiii mctoa, acjiaifie ero KaK MoacHO MeHbme no pa3Mepy 
h orpaHHHHBaHTe ccjiepy ero aciicmiia. y6eanTecb, tio TaM He BbiaeaneTCH naMiiTb noa 


1 ATpubyT mo*ho npiiMemiTb TaKace k HHTepcjieiicy, KOHCTpyKTopy, ctpyKType, KJiaccy hjih 
cbopKe. 
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o6 - beKTbi (HanpuMep, He m.ino.iii^icTOi ynaKOBKa), He Bbi3biBaftTe miyrpii hii mipTy- 
ajIbHblX, HH IIHTepcj)eHCHbIX MCTOAOB, 11C nOJIb3yHTeCb ACJICi aTaMH HJIH OTpa>KCI[HMMH, 
TaK KaK B 3TOM CJIVMaC J I'r-KOMim.lM’lOp He CMOaCeT Olipe/tCJlItTP), KaKOI! I1MCIIIIO MCTOA 
Bbi3biBaeTCH na caMOM acjic. Moacho ;pa>i<e bpymyio iio/proxoisinb Bee MeTOAbi npn no- 
mohph oflHoro H3 cneAyiomHx mctoaob Kjiacca RuntimeHelpers: 

public static void PrepareMethod(RuntimeMethodHandle method) 
public static void PrepareMethod(RuntimeMethodHandle method, 

RuntimeTypeHandle[] instantiation) 
public static void PnepaneDelegate(Delegate d); 

public static void PnepaneContnactedDelegate(Delegate d); 

HMeirre b BH/p,y, 'no hh komhhjihtop, hh CLR He ippoisepa iot rapaHTHH, KOTopbie 
Bbi /paeTe, CHadacaa CBoii mctoa aTpn6yTOM ReliabiltyContractAttribute. Ecjih bbi 
hto-to nepenyTaaiH, cocTOxiiine Bnojme moacct 0Ka3aTbca noBpeac/peHHbiM. 

nPMMEHAHME 

flaxe xopoujo noAroTOB/ieHHbm MeTOA MOxeT CTaTb mctohhmxom ucK/iPOHeHma 
StackOverflowException. Ec/ 11/1 cpeAa CLR He Bbino/iHaeica b pa3MeLAeHHOM (hosted) 
pexmvie, ncxniOHeHMe StackOverflowException npriBOAHT k HeMeAaeHHOMy 3aBepmeHmo 
npopecca nyieM BHyTpeHHero Bbi30Ba MeTOAa Environment.FailFast. Ecnn xe cpeAa 
paboTaei b pa3MeiAeHHOM pexnivie, mctoa PreparedConstrainedRegions npoBepaeT, 
odanocb /in b CTexe xots 6bi 48 K6atiT CBoboAHoro MecTa. ripi/i orpaHi/ineHHOM MecTe 
b ctexe MCxniOHeHMe StackOverflowException reHepi/ipyetcn ao Hana/ia 6/ioxa try. 


He CJieayeT 3a6biBaTb h npo mctoa ExecuteCodeWithGuaranteedCleanup Kjiacca 
RuntimeHelper, KOTopbifi npeAOCTaBJiaeT enpe OAHy B03M0ACH0CTb BbinojmeHHH KOAa 
c rapaHTiipoBaHHOH ohiictkoh: 

public static void ExecuteCodeWithGuaranteedCleanup( 

TryCode code, CleanupCode backoutCode, Object userData); 

npn Bbi30Be 3Toro MeTOAa bbi nepeAaeTe tcvio 6jiokob try h finally b tcanecTBe 
MeTOAOB o6paTHoro Bbi30Ba, npoTOTimbi KOTopbix cooTBeTCTByiOT 3 thm AsyM AeAeraTaM: 

public delegate void TryCode(Object userData); 

public delegate void CleanupCode(Object userData, Boolean exceptionThrown); 

ynoMHHy eupe oahh cnoco6 rapaHTiipoBaHHoro BbinojiHeHiia koas. 3to KJiacc 
CrlticalFinallzerObject, KOTopbifi noApo6HO paccMOTpeH b CAeAyiomeii rAaBe. 


KOHTpaKTbl KOAa 

Koumpavimu Koda (code contracts) — 3 to Mexami3M AeroiapaTiiBHoro AOKyMeHTHpoBamm 
pemeHiiii, npiiHHTbix b xoAe iipoeimipoisami a KOAa, miyrpn caMoro KOAa. KoHTpaKTbi 
ObinaiOT Tpex bhaob: 
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□ npedycnoeuH (preconditions) ncnojib3yiOTCH /pin npoBepKii apry mchtob; 

□ nocmycjioeusi (postconditions) cnyacaT /yin npoBepKii coctohhiih 3aBepmemiH Mero,a,a 
BHe 3aBHCHMOCTH OT TOrO, HOpMajIbHO OH SaiiCpillH.'ICM 11.111 C I1CK.lI0 1 ICI1IIOM| 

□ imeapuanmbi (object invariants) no3BOjiaiOT ynocTOBepiiTbCH, hto namibie odbeicra 

HaXOAHTCH B XOpOmeM COCTOHHIIH Ha BCCM npOTHHCeHIIII >10131111 3TOIO odbCKTa. 

KoHTpaKTbi o6jieraaiOT ncnojib30BaHiie Kona, ero noHHMaHHe, pa3pa6oTKy, TecTiipoBa- 
Hiie 1 , AOKyMCHTiipoBaHHe h pacno3HaBaHiie oihii6ok Ha paHHiix CTa/pinx. Ilpe/i,ycjiOBiiH, 
nocTycnoBHH h iiHBapnaHTbi MO>Kiio n|)e;i,C'i'aiiiiTi) b iui;i,e 'lacni ciiraaTypbi mctoaob. 
IIpH 3T0M Bbl MO>l(CTC OC.TaOIITI, KOHTpaKT /yiH HOBOH BepCHII K'0/l.a, HO odpaTHOe HCB03- 
MOHCHO — yCHJieHHe KOHTpaKTa OTpHH,aTejIbHO C Ktl/KCTCH Ha COBMeCTHMOCTH BepCHli. 

B KOHTpaKTax ico/pi u,eHTpajibHoe mccto 3aHiiMaeT CTaTimecKiiii Kjiacc System. 
Diagnostics.Contracts.Contract: 

public static class Contract { 

// MeTOflbi c npeaycaoBusMu: [Conditional("CONTRACTS_FULL")] 
public static void Requires(Boolean condition); 
public static void EndContractBlock(); 

// npeayciioBufl: Always 

public static void Requires<TException>( 

Boolean condition) where TException : Exception; 

// MeTOflbi c nocTyc/ioBusMu: [Conditional("CONTRACTS_FULL")] 
public static void Ensures(Boolean condition); 
public static void EnsuresOnThrow<TException>(Boolean condition) 
where TException : Exception; 

// Cneqna^bHbie MeTOflbi c nocTycnoBUBMH: Always 
public static T Result<T>(); 
public static T 01dValue<T>(T value); 
public static T ValueAtReturn<T>(out T value); 

// HHBapuaHTHbie MeTOflbi o6bexTa: [Conditional("CONTRACTS_FULL")] 
public static void Invariant(Boolean condition); 

// KBaHTu<|)HKaTopHbie MeTOflbi: Always 
public static Boolean Exists<T>( 

IEnumerable<T> collection, Predicate<T> predicate); 
public static Boolean Exists( 

Int32 fromlnclusive, Int32 toExclusive, Predicate<Int32> predicate); 
public static Boolean ForAll<T>( 

IEnumerable<T> collection, Predicate<T> predicate); 
public static Boolean ForAll( 

Int32 fromlnclusive, Int32 toExclusive, 

Predicate<Int32> predicate); 


1 aBTOMaTHHeCKOrO TeCTIipOBaHIIH M05KH0 HCn0JII)30BaTb HHCTpyMeHT Pex, C03flaHHbIH 

rpynnoft Microsoft Research: http://research.microsoft.com/en-us/projects/pex/. 
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// BcnoMoraTe/ibHbie MeTOflbi: 

// [Conditional("CONTRACTS_FULL")] mum [Conditional("DEBUG")] 
public static void Assent(Boolean condition); 
public static void Assume(Boolean condition); 

// HH(()pacTpyKTypHoe co6bmne: o6biHHo b KOfle sto co6bmne He Mcno/ib3yeTca 
public static event EventHandlen<ContnactFailedEventAngs> ContnactFailed; 

} 


KaK ynoMHHajiocb paHee, mhooim h3 sthx CTai HHCCKiix mctoaob iiasiia'icn aTpndyT 
[Conditional( "CONTRACTS_FULL") ] , a HeKOTopbiM MeTOnaM Kjiacca Helper — eme 
h aTpnSyT [Conditional("DEBUG")]. 3to 03HauaeT, ato npii OTcyTCTBiin cneiinajib- 
Horo CHMBOJia, onpenejieHHoro b momcht komiihjihu:hh, KOMniuiATop npoiiraopiipyeT 
juo6ofi HanHcaHHbifi BaMi-i koa Bbi30Ba 3thx mctoaob. IIoMeTKa Always o.'iiiauacT, 'no 
KOMnHJIHTOp liCCIVia 6yACT C03AaBaTb KOA BbI30Ba 3THX MeTOAOB. KpOMe Toro, MeTOAbI 
Requires, Requires<TException>, Ensures, EnsuresOnThrow, Invariant, Assert 
h Assume AonojiHiiTeubHO hmciot neperpyaceHHbie BepcHii (3Aecb ohii He noKa3aHbi), 
npHHHMaiOHiHe apryMem THna String. B pe3yAbTaTe bm moacctc b abhom iuiac 3aAaTb 
coodmemie, KOTopoe 6yAeT bmboahtbca npn HapyrneHim KOHTpaKTa. 

Ilo yMOAUaHIHO KOHTpaKTbl CAyACaT TOAbKO AAA AOKyMCHTIipOBaHIIA, H AAA IIX BKAIOAe- 
HiiA HyacHO BpyAHyio yKa3aTb b CBOiicTBax npoeKTa ciiMBOAimecKoe iima CONTRACTS_FULL. 
TaKAce BaM MoryT noTpe6oBaTbCA AonoAHiiTeAbHbie IiHCTpyMeHTbi h naHeAb cbohctb 
Visual Studio, Korapbie moacho 3arpy3iiTb c caiiTa http://msdn.microsoft.com/en-us/ 
devlabs/dd491992.aspx. B naiceT Visual Studio 3tii IiHCTpyMeHTbi noKa He bxoaat, Tax KaK 
ABAAACb OTHOCIITCAbHO HOBblMII, OHII KpailHC 6bICTpO pa3BHBaiOTCA. H Ha CailTC DevLabs 
HOBbie BepCHH nOABAAIOTCA 6bICTpee, '(CM B odHOBACHIIAX Visual Studio. noCAe 3arpy3KII 
H yCTaHOBKII HOBbIX HHCTpyMeHTOB nOABIITCA HOBaA naHeAb cbohctb (piic. 20.9). 

/Iaa BKAioueHiiA KOHTpaKTOB KOAa ycTaHOBHTe cjiAaACOK Perform Runtime Contract 
Checking h b pacnoAOAceHHOM cnpaBa ot Hero pacKpbiBaiomeMCA cniicKe nbioepirrc 
BapnaHT Full. 3to onpeACAAeT ciiMBOAiiuecKoe iima CONTRACTS_FULL npn nocTpoeHiiii 
npoeKTa h aKTHBH3iipyeT ncooxo/uiMbie IiHCTpyMeHTbi (ohii KpaTKO onHcaHbi AaAee) 
nocAe ero nocTpoeHim. B pe3yAbTaTe HapymeHiie KOHTpaKTa bo BpeMA BbinoAHeHiiA 
nporpaMMbi 6yAyT conpoBOACAaTbCA co6mthcm ContractFailed KAacca Contract. 
OdbiuHO pa3pa6oTAiiKii He penicTpiipyiOT mctoaob c stiim codbiTiieM, ho ccaii bm pemii- 
Te H3MeHiiTb 3toh TpaAHitHH, Bee 3apenicTpiipoBaHHbie BaMii MeTOAbi noAyuaT oouckt 
ContractFailedEventArgs, KOTopbiii BbirAAAiiT CAeAyiomiiM o6pa30M: 

public sealed class ContractFailedEventArgs : EventArgs { 

public ContractFailedEventArgs(ContractFailureKind failureKind, 

String message, String condition, Exception originalException); 

public ContractFailureKind FailureKind { get; } 

public String Message { get; } 

public String Condition { get; } 

public Exception OriginalException { get; } 


public Boolean Handled { get; } // BepHO, ec/iM xoTb oamh o6pa6oTHMK 
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public void SetHandledQ; 


// BbBBa/i SetHhandled 

// npucBanBaeT Handled 3HaHeHne true, 

// noBBO/ias MTHOpupoBaTb HapymeHne 


public Boolean Unwind { get; } 
public void SetUnwindQ; 


// BepHOj ec/in xOTb oflWH o6pa6oTMMK 
// Bbi3Ba/i SetUnwind min threw 
// npucBanBaeT Unwind 3HaseHne true, 

// npnHyflkiTenbHO reHepwpys ContractException 


} 
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Pmc. 20.9. flaHe/ib Code Contracts ana Visual Studio 


C 3THM Co 6 bITHeM M03CH0 3aperiICTpHpOBaTb MHOateCTBO MeTO/tOB ero o 6 pa 6 oTKH. 
H KaacAbiH TaKofi mcto/i mo>kct o 6 pa 6 oTaTb HapymeHiie KOHTpaKTa yKa3aHHbiM BaMH 
cnoco 6 oM. HanpiiMep, o 6 pa 6 oTHiiic MoaceT 3aniicaTb CBe/teram o HapyuieHiiii b acypma, 
nponraopiipoBaTb HapymeHiie (Bbi3BaB mcto/i SetHandled) nan 3aBepmiiTb npoitecc. 
IIpn Bbi30Be a 106 p,im H3 MeTOflOB mcto/ih SetHandled HapymeHiie onnacTCTi o 6 pa 6 o- 
TaHHbiM h nocae pe3yabraTa, B03BpameHHoro Mera/tOM o 6 pa 6 oTKii, npiiaoaceHiie MoaceT 
pa 6 oTaTb aajibme, ecan, koiiciiio, o 6 pa 6 oT'in k He Bbi3Baa mcto/i SetUnwind. Eca h ace 
TaKoii Bbi30B npoii3omea, to nocae 3aBepmeHiiH Bcex mctoaob o 6 pa 6 oTKii reHepiipyeTCH 
HCKaiOHeHHe System.Diagnostics .Contracts .ContractException. 3to BHyTpeHHee 
HCKaioHeHiie 6 n 6 aiiOTeKii MSCorLib.dll, 3HaaHT, bbi hc CMoacete HamicaTb 6 aoK catch aaa 
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ero nepexBaTa. Ecjiii ace KaKoii-iin6y/ib H3 mctoaob o6pa6oTKii CTaHOBiiTCH iictohhiikom 
H eo6pa6oTaHHoro iicic. iio'iemui, cnanajia Bbi3breaiOTCfl Bee ocTajibHbie oopaooiMHicn, 
a 3aTeM reHepnpyeTcn riCKViio'iemie ContractException. 

Ecjiii o6pa6oTHiiKii co6hthh OTcyTCTByiOT iijiii hh o^iih H3 hiix hc Bbi3biBaeT Mero/ibi 
SetHandled h SetUnwind h He CTaiioiiUTCM hctohhiikom Heo6pa6oTaHHoro itckjiiohc- 
hhh, HapymeHiie KOHTpaKTa conpoBOKnaercji .lajiaiiiioii no yMOjmaHino npon,e,a,ypoH. 
Ecjih cpcaa CLR 3arpyaceHa, npiuioacemie oiioisemacroi o HapymeHiiii KOHTpaKTa. 
B cjiynanx Kor/ta CLR 3anycKaeT npujioaceHiie b nn/;c HeiiHTepaKTiiBHoro OKOHHoro 
TepMiiHajia (cio/ia othochtch, k npimepy, Windows service application), hf>i,3i,i iiac tcai 
MeTO/i, Environment. FailFast, MraoBeHHO 3aBepinaiomini npon,ecc. Ecjiii nepen kom- 
niTjinniTcii 6bui ycTaHOBJieH cjuiaacox Assert On Contract Failure, nonBiiTCH niiajioroBoe 
okho, b kotopom c npiuioaccHiieM MoacHO oyacr cmiaaTb OTjTa/pniK. IIpH c6pomeimo.\i 
cjwiaacKe HapymeHiie Koinpaicra conpoBoac/raeTcn HCKJnoneHHeM ContractException. 
PaccMOTpHM npimep Kjiacca, iicnojib3yiomHii KOHTpaKTbi i<o/i,a. 

public sealed class Item {/*...*/} 

public sealed class ShoppingCart { 

private List<Item> m_cart = new List<Item>(); 
private Decimal m_totalCost = 0; 

public ShoppingCart() { 

} 

public void Addltem(ltem item) { 

AddItemHelper(m_cart, item, ref m_totalCost); 

} 

private static void AddItemHelper( 

List<Item> m_cart, Item newltem, ref Decimal totalCost) { 

// npeayc/iOBMfl: 

Contract.Requires(newltem != null); 

Contract.Requires(Contract.ForAll(m_cart, s => s != newltem)); 

// nocTyc/iOBMfl: 

Contract.Ensures(Contract.Exists(m_cart, s => s == newltem)); 

Contract.Ensures(totalCost >= Contract.OldValue(totalCost)); 

Contract.EnsuresOnThrowcIOException>( 

totalCost == Contract.OldValue(totalCost)); 

// KaKne-TO onepapnn (cnoco6Hbie creHepupoBaTb IOException) 
m_cart.Add(newltem); 
totalCost += 1.00M; 

} 

// HHBapnaHT 

[ContractlnvariantMethod] 
private void ObjectInvariant() { 
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Contract.Invariant(m_totalCost >= 0); 

} 

} 


B MCTO/te AddltemHelper onpeflejiaeTcn Ha6op KOHTpaKTOB Ko/pi, I Ipe/iycjioisi-ie 
yKa3biBaeT, hto napaMeTp newltem AOJiaceH OTJiHHaTbca ot null, a /i,o6aBjiHeMbifi 
b cnucoK .oacmcht He mcokct /lySanponaTi, ysce iiMCiomneca. IIocTycjiOBHe i . iacu r, 
hto HOBbin oacmcht AOJiaceH npucyTCTBOBaTb b cnncKe, a o6maji u,eHa noKynoK nocae 
3toh onepaiiiin ;i,o./i>Kiia yBejiHHHTbca. B nocTycjiOBiin taiOKe CKa3aHO, hto ecjni mctoa 
AddltemHelper no KaKoii-TO npHHHHe CTaHCT hctohhiikom HCKjnoneHHa IOException, 
napaMeTp totalCost AOJiaceH coxpaHHTb snaHemie, KOTopoe oh n mcji i icpc/i, bh30bom 
MeTOAa. 3aKpbiTbiii mctoa Objectlnvariant rapaHTnpyeT, hto nojie m_totalCost 06b- 
eKTa He ov/icr co/iepacaTb OTpHitaTejibHoro ana'iemi a. 

BHMMAHME 

Bee H/ieHbi, Ha KOTopbie npncyrcTByiOT ccbiaxn b npeAycaoBnax, nocTycaoBnax n nHBa- 
pnaHTax, AoaxHbi QbiTb CBoboAHbi ot ctopohhux o<t>ct>exTOB. TaKoe TpeboBaHne CBa3aHO 
c TeM, hto bo BpeMa TecTnpoBaHna h n b KoeM caynae He AoaxHO MeHaTbca cocToaHne 
obtexTa. KpoMe toto, Bee MeTOAbi, Ha xoTopwe ecTb ccbmKa b npeAycaoBHH, AoaxHbi 
HMeTb ypoBeHb AOCTyna xoTa 6bi He MeHbLutm, neM y MeTOAa, onpeAeaaiomero caMO 
npeAycaoBtie. B npoTHBHOM caynae nepeA Bbi30B0M MeTOAa He byaeT bo3moxhocth 
npoBepnTbcooTBeTCTBneycaoBnaM. 3 to orpaHnneHne He xacaeTca naeHOB, Ha xoTopwe 
ecTb ccbiaKH b nocTycaoBkiax h HHBapnaHTax. YpoBeHb AOdyna k hum MOxeT 6biTbaio6biM; 
raaBHoe, HTobbi koa xoMnnanpoBaaca. llpHHHHa CHaTna orpaHnneHna coctout b tom, hto 
npoBepKH b nocTycaoBMM h i/iHBapnaHte He Banaxrr Ha xoppextHoetb Bbi30Ba MeTOAa. 


BHMMAHME 

Hto xacaeTca HacaeAOBaHi/ia, npon3BOAHbm Tun He MOxeT neperpyxaTb h MeHaTb 
npeAycaoBi/ia Bi/ipTyaabHbix naeHOB, onpeAeaeHHbix b 6a30B0M Tune. AHaaornnHO, Tun 
peaan3apnn naeHa nHTep<t>etica He MOxeT MeHaTb npeAycaoBna, onpeAeaeHHbie othm 
naeHOM. Eoan Aaa naeHa OTcyTCTByeT onpeAeaeHHbin b hbhom bmao xoHTpaxT, 3HannT, 
cyiAecTByeT HeaBHbii/i xoHTpaxT, KOTopbiti aornnHO npeACTaBMTb b tbkom BnAe: 

Contract.Requires(true); 

M Tax xax npn nepexoAe x hobom Bepcun yxecTOHi/iTb xoHTpaxT He noaynnTca (nan npi/iAeT- 
ca noxepTBOBaTb coBMecTnMOCTbio Bepcnri), npn bboas hobmx BHpTyaabHbix, abcTpaxT- 
Hbix nan MHTepcJjeticHbix naeHOB caeAyeT oneHb axxypaTHO BbibnpaTb npeAycaoBna. flan 
nocTycaoBHki n nHBapnaHTOB Bbi MOxeTe AobaBaaTb n ybnpaTb xoHTpaxTbi noxeaaHnio, 
raaBHoe, HTobbi ycaoBna, nocTaBaeHHbie b BnpTyaabHOM/a6cTpaxTHOM/nHTep4)ePiCHOM 
naeHe, moxho 6biao aornneexn coeAtiHnTb c ycaoBnaMti b neperpyxeHHOM naeHe. 


HTaK, Tenepb bbi 3HaeTe, KaK onpeAemnoTCH KOHTpaKTbi. IIpHmjio BpeMH noroBopiiTb 
O TOM, KaK OHII (f)yHKUHOHHpyiOT BO BpeMH pa6oTbI npOTpaMMbl. 06bHBJIHTb npeAyCJIO- 
bhh n nocTycjiOBim cjieAyeT b BepxHen nacTii mctoaob, hto6m hx Jienco mo»cho 6 buio 
HaiiTH. I [peAyc.TOiiiiH npoBepsnoTCH npn Bbi30Be mcto/ia. ITpn stom xoTejiocb 6bi, hto6i>i 
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nocTycjiOBim npoBepaancb TOJibKO nocae 3aBepmeHim Mera/ra. J\jih 3Toro co3/i,aHHyio 
KOMraiJiHTopoM C# c6opKy cjieayeT o6pa6oTaTb iiHcrpyMeHTOM Code Contract Rewriter 
(cjaafiji CCRewrite.exe Haxo/uiTcn no a/tpccy C:\Program Files (x86)\Microsoft\Contracts\ 
Bin) /yia nojiynemiH ee MO/uicjniiuipoBaHHOH Bepcrni. Ilocne ycTaHOBKii cjraaacKa Perform 
Runtime Contract Checking Visual Studio HauHeT Bbi3biBaTb 3Ty yraarny aBTOMaTiiuecKii 
erne Ha CTa/uni co3/iaHHH npoeKTa. YTHjiHTa aHajui3iipyeT IL-ko/i, Bcex Bamiix mcto/iob 
h nepenircbiBaeT ero TaxiiM o6pa30M, hto6m nocTycaoBiia BbinoaHaancb TOJibKO nocae 3a- 
BepnreHHH mcto/iob. J\jia mcto/iob, iimcioiihix HecKoabKO TOueK Bbixo/ia, ymaHTa CCRewrite. 
exe pe/taKTirpyeT IL-ko/i, 3acTaBjinn npoBepnTb ycaoBire nepe/i 3aBepmemieM Mera/ia. 

ymjrHTa CCRewrite.exe iirueT b TnneMeTO/rbi, noMeuemibieaTpndyTOM [Contract- 
InvaniantMethod]. Hmh TaKoro Mera/raMoaceT 6biTb aiodbiM, ho o6muho ero Ha3biBaiOT 
Objectlnvaniant n ;i,o6aii. ; miOT mo/uk)) HKarop private (KaK a ri c/teaaa). 3 tot mcto/i 
H e rmeeT apry mohtob ii B03BpamaeT void. OdHapyacriB ero, CCRewrite.exe BCTaBaaeT 
IL-ko/i Bbi30Ba Mera/ia Ob jectlnvariant nocae bccx OTKpbiTbix 3K3eMnaapHbix mctoaob. 
B pe3yabTaTe coctohiiiic oo'beicra npoBepaeTca nocae B03BpameHiia ana'iemiM Kaac/rbiM 
H3 MeTO/roB, rapaHTHpya, uto hii o/uiii ri3 hhx He Hapyimia ycaoBiiii KOHTpaKTa. Mera/t 
Finalize h mcto/i; Dispose KJiacca IDisposable yraaHTOH CCRewrite.exe He pe^aK- 
THpyiOTCH, noTOMy tio cocTOHHiie odbeKTa nepe/r ero ymi'noacemic.vt hjih OTnpaBKoii 
b Kop3iiHy He rmeeT HHKaKoro 3HaueHiiH. Cjie/tyeT TaKace 3aMeTHTb, uto o/u-ih Tim MoaceT 
onpeAejiHTb HecKoabKO mcto/tob c aTpudyTOM [ContractlnvariantMethod]; sto no- 
jieaiio npn padore c uacTHUHbiMii THnaMii. ytnaHTa CCRewrite.exe nepemimeT IL-ko/i, 
TaKHM o6pa30M, tio Bee 3 th MCTO/mi dv/iyr Bbi3biBaTbCH (b Heonpe/reaeHHOM iiopM/u<e) 
b KOHi/e Kaac/roro OTKpbiToro MeTO/ra. 

iVlcTO/ua Assert h Assume He noxoacn Ha ocTaabHbie. Bo-nepBbix, ohh He mb. imiotcm 
uacTbio ciirHaiypH MeTO/ra h iix Heab3H noMecTHTb b Hauaao. Bo BpeMH BbinoaHemm ohii 
A eiicTByiOT imeHTHUHo: npoBepmoT nepe/iaHHoe hm ycaoBiie h b cayuae ero Heco6aio/i,eHiiH 
reHepupyiOT iicK.iio'iemie. BnpoueM, ecTb eme h TaKoii iiHCTpyMOHT, KaK Code Contract 
Checker (CCCheck.exe), aHaaii3iipyioiii;mi npoii3BO/i,HMbiH komiiii. : imto|)om C# IL-ko/i, b 
nonbiTKe craTiiuecKii yn,0CT0BepiiTbCH b OTcyTCTBini Hapymemiii KOHTpaKTa. 3Ta yTiiaiiTa 
iibnacTCH yaocTOBepriTbca, uto Bee ycaoBiia, nepe/taHHbie mcto/iv Assert, BbinoaHeHbi. 
Ecan cyenaTb sto He noayuaeTca, npoiicxo/iHT nepexo/r k mcto/iv Assume. 

PaccMOTpHM npriMep. /loiiycni.vi, iimcctch cae/iyiomee onpe/reaeHiie rana: 

internal sealed class SomeType { 

private static String s_name = "leffrey"; 

public static void ShowFirstLetter() { 

Console.WriteLine(s_name[0]); // BHnMaHne: Tpe6oBaHna 

// He noflTBepweHbi: index < this.Length 

} 

} 

IIpi! nocTpoeHiiii 3Toro Ko/ia c ycTaHOBaeHHbiM cjiaa/KKOM Perform Static Contract 
Checking ymaHTa CCCheck.exe bhbo/lht npe/rynpeacAemie, npriBe/i,eHHoe b kommch- 
Tapini. 3 to coooiuemie yFse/io.viaacT o tom, uto 3anpoc nepBoii 6yKBbi oae.Mema s_name 
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MO/KCT 3ai«)i['[m bCM iicyaa'icii h CTaTb hctohhiikom hckaiohctiuh, TaK KaK Heii3BecTHO, 
ecezda jiu s_name ccbuiaeTca Ha CTpoKy, cocTOHinyio xoth 6bi H3 oahoto CHMBOJia. 
CjieAOBaTejibHO, b mctoa ShowFirstLetter HyacHO AodaBHTb yTBepacAeHiie: 

public static void ShowFirstLetter() { 

Contract.Assert(s_name.Length >= 1); // BHUMamne: yTBepxfleHue 

// He noflTBep>KAeHo 

Console.WriteLine(s_name[0]); 

} 

K coacaaiemiio, aHajiii3iipyH 3tot koa, yTHAHTa CCCheck.exe bcc paBHO He moacct npo- 
BepiiTb, ccbiaaeTCH ah aaeMeHT s_name Ha CTpoKy, coAepacamyio xoth 6m oahh chmboa. 
B iiTore mm CHOBa iiojiy'iae.vi npeAynpeacAeraie. HHorAa yTHAHTa He MoaceT npoBepriTb 
yTBepacAeHiie H3-3a cboiix BHyTpeHHiix orpaHimeHirii; Beponmo, ee 6yAymHe BepcHH 
CMoryT ocymecTBAHTb 6o.;ice noAHMH aHaaH3. 

L [TOO 1)1 060HTH HeAOCTaTKH 3TOH yTHAHTbl, liepCHACM OT MeTOAa Assert K MeTOAy 
Assume. 3naa HaBepHHKa, tio HiiKaKofi koa He BHeceT H3MeHeHHH b ixtcmcht s_name, 
mm MoaceM OTpeAaKTupoBaTb MeTOA ShowFirstLetter CAeAyromriM o6pa30M: 

public static void ShowFirstLetter() { 

Contract.Assume(s_name.Length >= 1); // ripeflocTepe^eHuii HeTl 
Console.WriteLine(s_name[0]); 

} 

B 3toh Bepciiii KOAa yTHAHTa CCCheck.exe BepHT HaM Ha caobo ii aaic iiouacT, tio 
aaeMeHT s_name BcerAa ccbiaaeTCH Ha CTpoKy, coAepacamyio xoth 6m oahh chmboa. 
B pc3y.TbTaTC mctoa ShowFirstLetter npoxoAHT CTarauecKyio npoBepKy KOHTpaKTa 
KOAa 6e3 npeAOCTeperaiOHLHx coo6meHHH. 

OcTaaocb paccMOTpeTb HHCTpyMeHT Code Contract Reference Assembly Generator 
(CCRefGen.exe). YTHAHTa CCRewrite.exe ycKopneT noncK oihii6ok, ho npoH3BeAeHHbiii 
b npou,ecce npoBepKii KOHTpaKTa koa viiCAHHHrsacT pa3Mep b amen c6opKii h OTpmta- 
TeAbHO CKa3bIBaeTCH Ha npOH3BOAHTeAbHOCTH. HcnpaBHTb 3TOT HeAOCTaTOK MOaCHO 

npn noMOuiH yTHAHTbi CCRefGen.exe, co3AaiomeH OTAeAbHyio c6opuy co ccujikou hu 
KOHmpaKm. B Visual Studio OHa 3anycKaeTCH am oMaTuuccKTi, ecAH BbidpaTb b pacKpbi- 
BaionLeMCH cnucKe Contract Reference Assembly BapnaHT Build. C6opKH c KOHTpaKTaMH 
o6mhho hocht hmh HmhC6opku. Contracts.dll (HanpriMep, MSCorLib.Contracts.dll) h co- 
AepacaT TOAbKO MeTaAaHHbie h onucbiBaioiUHU KOHTpaKT IL-koa. Ono3HaTb hx moacho 
TaKace no npiiMeHeHHOMy k Ta6Aim,e MeTaAaHHbix c onpeAeAeHiieM cdopKii aTpudyTy 
System.Diagnostics.Contracts.ContractReferenceAssemblyAttribute. Ythahtm 
CCRewrite.exe h CCCheck.exe MoryT ncnoAb30BaTb c6opKii co ccbiAKaMH Ha KOHTpaKTbi 
b KauecTBe bxoahmx /uiinibix aah aHaAH3a. 

Hy h caMbiii nocAeAHiiii HHCTpyMeHT Code Contract Document Generator (CCDocGen. 
exe) AodaBAHCT iiHtjiopManHio o KOHTpaKTe b XML-cjiaiiA, C03AaBaeMbiii KOMmiAHTopoM 
C# npn ycTaHOBKe nepeKAKraTCAH /doc: file. 3tot XML-cjiariA, AonoAHeHHbiii yraAH- 
Toii CCDocGen.exe, nocAe o6pa6oTKH iiHCTpyMeHTOM Sandcastle BbiAaeT AOKyMeHTaruno 
b cmAe MSDN c HHtjropMaiLHeH o KOHTpaKTax. 



ViaBa 21. ABTOMamnecKoe 
ynpae/ieHMe na mat bio 
(ySopKa Mycopa) 


B 3toh ruaBe paccKa3aHO o cos/iamin hobmx o6 - beKTOB ynpaBJiaeMbiMii npHjioacemiflMH, 
o tom, KaK ynpaBJiaeMaa icyia pacnopaacaeTca BpeMeHeM 5KH3HH oi hx o6 - beKTOB h KaK 
ocBo6oac/iaeTCH 3aHHTaH hmh naMHTb. Mbi paccMOTpiiM pa6oTy y6opmiiKa Mycopa 
o6iu,eH3biKOBOH cpe/i,bi CLR h npo6aeMbi, CBH3aHHbie c ero npon3BO/i,HTejibHOCTbio. 
B icon lie rjiaBbi penh noii/i,eT o iipiie.viax npoeKTiipoBamiH npHjioateHHH, aiJujaeKTiiBHO 

IlCIIO.'lb.OyiOIIIIIX naMHTb. 


Ynpae/ineMan icyna 

JIio6aH nporpaMMa ncnojib3yeT pecypcbi — (^aftjibi, 6yc})epbi b naMflTH, npocTpaHCTBO 
incpaiia, ceTeBbie iio/ik.iio'ichiih, 6a3bi .lamibix h t. n. B o6beKTHO-opneHTiipoBaHHOH 
epe^e Kaac/ibiH Tim H/ieHTiicjnmiipyeT hckhm HOCTynHbin stoh nporpaMMe pecypc. HTo6bi 
HM B0Cn0JIb30BaTbCH, flOJIJKHa 6bITb libl/ICVKTia naMHTb /yiH I l|)CV|C'i aii. : ICI 111 H 3TOTO Tima. 
/], jih aocxyiia k pecypcy BaM iiyaaio: 

1. BbiaejniTb naMHTb /pin Tima, iipcyiCTaiiaaioiucm pecypc (oobiano sto /icaacTCM npii 
noMomn oneparapa new b C#). 

2. HmiL|Haaii3iipoBaTb bbi/ic./icimyio naMHTb, ycTaHOBiiB na'iacibiioe coctohhiic pecypca 
n c/icaaii ero npnroaHbiM k iiciio.ib.soiiaiiiiio. 3a ycTaHOBKy iia'ia./ibimm coctohhiih 
Tima OTbciacT ero KOHCTpyKTop. 

3. Hciio.ib.soiiarb pecypc, o6pamaHCb k 'lacna.vi ero Tima (npii neo6xoanMOCTn onepa- 

n,IIH M0>KCT nOBTOpHTbCH). 

4. B paMKax npon,eaypbi ohhctkh ymrnoacHTb coctohhhc pecypca. 

5. OcBo6oariTb naMHTb. 3a 3tot 3Tan OTbciacT HCic. iio'iH ie.ibiio y6opmiiK Mycopa. 

3Ta npocTan Ha iic|)ninii iioicim/i napa/pima CTaaa oaim.vi H3 ochobhmx iicto'iiiii- 
kob oihii6ok y nporpaMMHCTOB, kotophm npiixoHHTCH ii])y 1 [ 1 iy 10 ynpaBjiHTb naMHTbio, 
a HMeHHO nporpaMMHCTOB C++. IlporpaMMHCTbi, OTBCTCTBeHHbie 3a yiipaii./iemie naMH¬ 
Tbio, xpoHiinecKii 3a6biBaiOT ocBo6oaiiTb naMHTb, CTaBinyio iienycKiioii, n./in nbiTaiOTCH 
iiciio. ib30baTb yace o<Tio6o>K;icmi\TO naMHTb. IIpn HeynpaBaneMOM nporpaMMupoBamni 
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3TH ABa lill/ta 0 III HOOK B 1 11) I1./I0>K('1111 M X OnaCHee OCTaAbHbIX, TaK KaK o6bIHHO IICAP>.3H 
iipcyaoca.'saTb hii hx noc.;ic;i,CTiuiii, hii ncpno/i,n'mocTb hx noMb.iemiM. I Iponiie oihh6kh 
AOBOAbHO npOCTO HCnpaBIITb, 3aMCTHB, HTO npiIAOACeHIie cjjyHKUIIOHIipyeT HenpaBIIJIbHO. 

Ecjiii Bbi niimeTe koa, 6e3onacHbrii no OTHomemno k TimaM (6e3 ncnojib30BaHiiH kaio- 
'lenom cjiOBa C# unsafe), noBpeacAemie naMHTH b Banmx npiuioacemiax hcbo3mo>kho. 
YtCHKH naMHTH OCTaiOTCH '['COpCTH'ICCIOI B03M02KI 1 blM H , HO OHII He lipOPICXOAHT B CTaH- 
papTHoit CHTyannn. KaK npaBiuio, yTenKii naMHTH B03HiiKai0T H3-3a toto, hto npiuiOHcemie 
xpaHHT o6beKTbI B KOAACKUHH, HO He V/pOHICT HX, ICOI/pi OHII CTaHOBHTCH ll(‘liy'/kTlblMH. 

CHTyannn AonojiHiiTejibHO ynpomaeTCH tcm, hto aah doAbiniiHCTBa TiraoB, pery- 
jihpho ncnojib3yeMbix pa3pa6oTHHKaMH, mar 4 (yHiiHTOAceHiie coctohhiih pecypca) He 
HBJiHeTCH o6H3aTejibHbiM. TaKHM o6pa30M, ynpaBJiaeMaH Kyna, KpoMe jiHKBHAapHH yace 
ynoMHHyTbix oihh6ok, TaKHce npeAOCTaBAHeT pa3pa6oTHHKy npocTyio MOAeAb nporpaM- 
MiipoBaHiiH: nporpaMMa BbiAeAHeT h HHimiiaAiroipyeT pecypc, noc.ie nero ncnojib3yeT 
ero TaK aoato, cKOJibKO iioiia/iooiri'CM. /(aii 6oAbiniiHCTBa thhob o'liici'Ka pecypcoB He 
HyacHa, naMHTb npocTO ocBodoacAaeTCH ydopnpiKOM Mycopa. 

ripn HCn0JIb30BaHHH 0K3CM Il.'l HpOB TI-mOB, Tpe6yiOHl,HX CnCHIia.TbTIOH OHHCTKH, 
MOAejib nporpaMMiipoBaHHH ocTaeTCH TaKoii ace npocTOH. BnponeM, nnor/ia OTiici Ka 
pecypca AOAaoia BbinojiHHTbCH KaK moacho paHbine, He AOHciiAancb BMemaTejibCTBa y6op- 
miiKa Mycopa. B TaKiix KJiaccax moacho Bbi3BaTb /loi i c). r 11 ii kc. i f>i i f>i ii mctoa (Ha3biBaeMbifi 
Dispose), hto6h o'lHCTica 6buia BbinoAHeHa no BarneMy co6cTBeHHOMy pacniicaHiiio. 
C Apyroii CTopoHbi, peajiH3aii,HH THna, Tpe6yiomero cneunajibHOii ohhctkh, hbahctch 
H eTpiiBiiajibHOii aa/pi'ieii. I Ioapo6hocth ovavt H3AOAceHbi 1103 /uicc b oto ii iviaise. KaK 
npaBiuio, THnbi, Tpc6y 101 line cneiinajibHOH ohhctkh, Hcnojib3yiOT HH3KoypoBHeBbie 
CHCTeMHbie pecypcbi — (Jiaiuibi, cokctm hjih noAKAiOHeHHH k 6a3e ,M,amibix. 

Bbifle/ieHMe pecypcoB M3 ynpaB/ineMOM Kynn 

B CLR naMHTb aah Bcex pecypcoB BbiAeAHeTCH H3 TaK Ha3biBaeMoii ynpaejiMeMOU nymi 
(managed heap), npii iiimniia./m.3anii 11 npopecca CLR pe3epBiipyeT odnacTb a/tpec- 
hoto npocTpaHCTBa noA yiipab.iMe.\iyio Kyiy, a Taioicc vKa.aaTeAb, KOTopbiii h Ha3biBaio 
NextObjPtr. Oh oiipcAe.iHCT, rAe b kvic 6yAeT isia/ieAcna naMHTb aah cacavtoipkto 
oobCKTa, h ii3iia i ia;ii)iio yKa3biBaeT Ha 6a30Bbiii aApec stoii 3ape3epBiipoBaHHoii ofuiacTii 
aApecHoro npocTpaHCTBa. 

ITo Mepe 3anoAHeHiiH od/iacTii ooixTCiaMH CLR BbmeAHeT HOBbie ofoiacni, BnAOTb 
AO 3anojiHeHiiH Bcero aApecHoro npocTpaHCTBa. TaKHM o6pa30M, naMHTb npiiAOAceHiiH 
orpaHiiHiiBaeTCH BiipTyaAbHbiM aApecHbiM npocTpaHCTBOM npouecca. /(ah 32-pa3pHAHbix 
npoii,eccoB moacho BbmeAHTb ao 1,5 iTiiaoaii'ia naMHTH, a aah 64-pa3pHAHbix npon.ec- 
cob — okoao 8 TepadaiiT naMHTH. 

npn BbinojniciiHH onepaTopa C# new cpeAa CLR: 

1) noACHHTbiBaeT KOAimecTBO oail'iois, HeodxoAHMbix aah pa3MemeHHH iio. : icii Tima 
(h Bcex iiojieii, yHacAeAOBaHHbix ot 6a30Boro THna); 

2) pi]) pi6;iii. ihot k iiojiypeiiiioMy .11 pa/iei ppik> koahhcctbo fiairi ois, HeodxoAHMbix aah pa3- 
MemeHiiH cucTeMHbix p po./ieii oobdcra. Y KaACAoro odueKTa ecTb napa TaKiix p po./icii: 
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yicaaaTe.ib Ha o 6 - beKT-THn h hhackc 6.10 ica CHHxpoHH 3 anHH. B 32-pa3pHAHbix npn- 
jioaceHHHx j ( j\'a Kaac/i,oro 113 .-mix nojieii TpebyeTCH 32 onra, axo ybC.inanbacT pa3Mep 
Kaac/ioro obneKra Ha 8 6aiiT, a b 64-pa3pHAHbix npiuioHceHiiHx KaacAoe none 3aHHMaeT 
64 6nTa, AobaBAHH k KaacAOMy o6beKTy 16 6aiiT; 

3) npoBepaeT, xBaTaeT ah b 3ape3epBiipoBaHHoii o6jiacTH bai-nois Ha BbmejieHiie na- 
mhth ana o6beKTa (npii i[<‘o 6 xo;i,hmoctii 1 icpcAacT naMHTb). Ecjih b yiipaii.iacMoii 
icyac AOCTaTOHHO MecTa ;u : ia o6beKTa, eMy BbmeAHeTCH naMHTb, imannaa c aApeca, 
Ha KOTopbifi ccbuiaeTCH yKa3aTejib NextObjPtn, a 3aHHMaeMbie hm 6aiiTbi o6HyjiH- 
iotch. 3aTeM Bbi3biBaeTCH KOHCTpyKTop Tuna ( ncpc/iaToiHHH NextObjPtn b icaaecme 
napaMeTpa this), h onepaTop new iioaiipamacT ccbi.iKy Hao6beKT. I IcpeA B03BpaT0M 
3 toto aapeca NextObj Ptr nepexoAHT Ha nepBbiii aapcc nocjie o6beKTa, yKa3biBaH Ha 
aapec, no KOTopoMy b icyac 6y/tCT noMemeH CACAyiomnii o6beKT. 

Ha puc. 21.1 ii3o6pa>i<ei[a ynpaBAneMan icy a a c TpeMH o6'beicTa.\tn: A, B h C. Hobmh 
o6beKT pa3MemaeTCH no aApecy, .aaAaimo.viy yKa3aTejieM NextObjPtn (cpa3y iiocae 
o6beKTa C). 


A 

B 

C 





NextObj Ptr 


Puc. 21.1. ToribKO hto MHnu,narin3npoBaHHaa ynpaB/iaeMaa icyaa c TpeMn oOteKTaivin 

/j jih ynpaBJineMOH icy an isbi/yjieimo naMHTii /[yin o6beKTa cboahtch k npocTOMy 
yBejiHHeHiiio yKa 3 aTejin — 3 Ta onepau,HH BbinojiHHeTCH noa i n .vmioiieinio. Bo mhothx 
ii()ii.;io>KC‘iinax o6beKTbi, BbmeAneMbie npimepHO b oaho BpeMH, tccfio CBH 3 aHbi yipy 1 c 
ApyroM, k TOMy ace Hacro k hum o6pamaiOTCH npiiMepHO b oaho BpeMH. TaK, o6mhho cpa 3 y 
nocjie o6beKTa FileStneam co3AaeTCH o6beKT BinanyWniten. 3 aTeM iipn./io>Kemie 06- 
pamaeTCH k o6beKTy BinanyWniten, BHyTpeHHiifi koa KOToporo ncnojib 3 yeT FileStneam. 
B cpeAe, iiOA/tepacniiaioiueh y6opKy Mycopa, HOBbieo6beKTbi pacnojiaraiOTCH b naMHTii 
HenpepbiBHO, hto noBbimaeT npoii 3 BOAHTeAbHOCTb 3 a cnex 6ah3koto paciio./ioaceimn 
ccbuioK. B aacTiioci M, sto .siiaain, hto paooanii Ha6op npou,ecca 6yAeT MeHbiue, ae.vi y 
noAo6Horo npiuioaceHiiH, pa6oTaiomero b HeynpaBAHeMoii cpeAe. Taioice, CKopee Bcero, 
Bee o6beKTbi, Hcnojib 3 yeMbie b nporpaMMe, yMecraTCH b iconic npou,eccopa. npriAO- 
jicemie CMoaceT nojiyaarb AOCTyn k sthm o6beKTaM c (jienoMCiia./iiiiioh cKopocTbio, TaK 
KaK npou,eccop 6yAeT BbinojiHHTb 6oAbmiiHCTBO cboiix onepaiiiiii 6 e 3 K 3 m-npoMaxoB, 
3 aMeAJiHiomHX AOCTyn k onepaTiiBHOii naMHTii. 

HTaK, noKa CKJiaAbiBaeTCH mieaaiJieimc, hto ynpaBAneMan ic y a a o6jiaAaeT npeBOC- 
xoAHbiMii xapaKTepHCTiiKaMii 6biCTpoAeHCTBiiH. H Bee >icc 3to onHcaHiie npeAnojiaraeT, 
hto naMHTb BcerAa 6ecKOHeHHa, a CLR BcerAa mohcct BbiAeAHTb 6jiok aah hoboto o6beKTa. 
Kohchho, 3to He TaK, iio.OTO.viy ynpaBJiHeMOii icyac hco6xoahm MexaHii3M yiinaTO/icenna 
o6beKTOB, KOTopbie nepecTajm 6biTb 1 iy>ic 111,1 m n ii|)n./io>KCiin 10 . TaKiiM MexaHii3MOM 
HBAHeTCH ynoptca Mycopa (Garbage Collection, GC). 
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A/iropuTM y6opKM Mycopa 

KorAa npHAoaceHiie Bbi3biBaeT onepaTop new aah co3AaHHH o6beKTa, ocTaBineroca aApec- 
Horo npocTpaHCTBa MoaceT He xBaTHTb aah isbincACHHH naMHTH no a o6beKT. B TaKOM 
cjiynae CLR bbmo.maeT y6opKy Mycopa. 

BHMMAHME 

3to BecbMa ynpouj,eHHoe onucaHne pa6oTbi y6opLu,MKa Mycopa. B AeMCTBi/iTe/ibHOCTM 
y6opKa Mycopa Bbino/mneTCH npn 3anojiHeHnn noKoneHna 0. lloAPo6Hee o noKoneHnnx 
Mbi noroBopuM nyTb no3>Ke, a noKa Ana npocTOTbi 6yAeM CHHTaTb, hto y6opKa Mycopa 
nponcxoAHT npn 3ano/iHeHMn xynn. 


/(ah ynpaBJieHHH cpoKOM acnami o6beKTOB b HeKOTopbix CHCTeMax ncnojib3yeTCH 
anropHTM iioxc'iexa ccbuioK. HanpuMep, oh HcnoAb3yexcH b moacah Microsoft COM 
(Component Object Model). B CHCTeMax c noAcneroM cchjiok KaacAbM o6t,ckx b Kyne 
coAepatHT BHyTpeHHee none c HH(j)opMan,HeH o tom, ckoamco «nacTeii» nporpaMMbi b Ha- 
CTOMinee ispcwiM ncnojib3yiOT AaHHbiii oo'bCKT. KorAa KaacAaa «nacTb» nepexoAHT k xomce 
koas, b KOTopofi odbeKT C'laiioiiirroi HeAOCTynHbiM, OHa y.viciibmacx none cmcx'hi ica 
oO'iiCin a. KorAa .snaneline cier'iiiKa yMeHbinaeTCH ao 0, odneKT yxaxs-iexcM h3 naMHTH. 
K coacaneHiiio, b CHCTeMax c noAcneTOM ccmjiok B03HiiKai0T cepbe3Hbie npodaeMbi 
c uiiKJiHnecKHMH ccbiAKaMH. HanpHMep, b rpacj)HHecKOM npruioaceHini okho coAepacriT 
ccbuiKy Ha AonepHiiii .axe.vteiix nojib30BaTejibCKoro nir[(‘|xj)eiica, a AonepHnii ajie.viem 
nojib30BaTejibCKoro iiiixepijxxk'a coAepacriT ccbuiKy Ha CBoe poAHTeabCKoe okho. 3tii 

CCbUIKH He n03B0AHI0T CMCT'n-IKaM AByX o6beKTOB yMeHbmHTbCH AO 0, IIOOTOM V 06a 06b- 

eKTa ocTaiOTCH b naMHTH Aaace TorAa, KorAa okho i iepccxa/10 6 biTb HyacHbiM iipix : io>Kenmo. 

H3-3a iipooxc.vi c ajiropriTMaMH, ocHOBaHHbiMii Ha iioac'ictc ccbuioK, CLR bmccto 
otoit) ncnojib3yeT axropuxM omcneoKueanun ccujiok. AnropHTM OTcneaciiBaHHH ccbuioK 
pa6oTaeT toabko c nepeMeHHbiMH ccbiaonHoro Tirna, noTOMy hto TOJibKO 3 th nepeMeHHbie 
MoryT ccbi. ia i bCH Ha 06'bcirrbi b Kyne; nepeMeHHbie ana'nxvibix TnnoB npocTO coAepacaT 
AaHHbie 0K3eMii./iH|)a .maun .worn xniia. CcbiaonHbie nepeMeHHbie MoryT HcnoAb30BaTb- 
ch bo MHorux KOHTeKCTax: CTaTHnecKiie h 3K3eMnAHpHbie no ah K./iaccoe, apryMeHTbi 
MeTOAOB, AOKaabHbie nepeMeHHbie. Bee nepeMeHHbie ccbixomibix TnnoB Ha3biBaiOTCH 
KopmiMU (roots). 

KorAa cpeAa CLR 3anycKaeT y6opicy Mycopa, OHa cnauaxa iipuocxaiiaisxiibaex Bee 
nporpaMMHbie noTOKii b npouecce. TeM caMbiM npeAOTBpamaeTCH o6pameHiie k o6beKTaM 
h B03MoacHoe H3MeHeHiie coctohhhh bo BpeMH iix anaA 11.3a CLR. 3aTeM CLR nepexo- 
Aht k 3Tany ydoprai Mycopa, Ha3biBaeMOMy MCipnupoeKou (marking). CLR nepedupaeT 
Bee odbeKTbi b Kyne, 3aAaBaH oiixy b none HHAeKca 6x0 ica CHHxpoHH3au;HH aiiauemie 0. 
3 to osiiaxacr, hto Bee sth o6beKTbi MoryT 6biTb yxaxeiibi. 3aTeM CLR npoBepHeT Bee 
aKTHBHbie KopHii h odbCKTbi, Ha KOTopbie OHii ccbiaaiOTCH. Ecah KopeHb coAepacriT null, 
CLR uraopiipyeT ero h nepexoAnx k c./iCAyioiiLC.wy KopHio. 

Ecah KopeHb ccbuiaeTCH Ha odbeKT, b iio./ic uii/iCKca oxoica CHHxpoHH3an,iiH ycTaHaB- 
AHBaeTCH 6ht — 3to h ecTb npH3HaK MapKHpoBKii oo'bCKTa. IlocAe MapKiipoBKH odbeKTa 
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CLR npoBepjieT Bee kophh b ptom o6beKTe h MapKiipyeT o6 - beKTbi, Ha KOTopbie ohii 
ccbuiaiOTCH. BcTpeTHB yace MapKiipoBaHHbiii o6beKT, y6opminc Mycopa ocTaipais.niisaeTCM, 
HTo6bI H3,6c>KaTP) B03HIIKH0BeHHH OCCKOIICIIIOI'O H,HKJia B CjiytaC IIIIICHI'ICCKIIX CCbMOK. 

Ha puc. 21.2 noKa3aHa icy pa c HecKOJibKiiMH o6beKTaMH, b KOTopoii kophh npiuio- 
aceHiin HanpaMyio ccbuiaiOTCH Ha o6beKTbi A, C, D h F. Bee pth o6beKTbi MapKiipyiOTCH. 
npn MapKiipoBKe o6beKTa D y6opmiiK Mycopa ofmapyaciiiiaeT, hto b ptom o6beKTe ecTb 
noae, ccpjijiaiomeecM Ha o6beKT //, noaTOMy o6beKT H xaiGice noMenaeTCH. 3aTeM y6opininc 
ll|)0;iO./l>ICaC'l' peKypCHBHblil npOCMOTp BCeX AOCTHaCHMblX 06 beKT 0 B. 



Puc. 21.2. ynpaBJiaeiviaa Kyna ao y6opi<n Mycopa 

nocjie npoBepKii Bcex ko])i pc ii icyia co/tepaciiT Ha6op MapKiipoBaHHbix h HeMapKiipo- 
BaHHbix o6beKTOB. MapKiipoBaHHbie o6beKTbi nepeacHByT y6opKy Mycopa, noTOMy tpo 
Ha hhx ccbuiaeTca xoth 6bi 0/1,1111 o6beKT; MoacHO cKa3aTb, tpo ohh AOCTiiaciiMbi H3 Ko;p,a 
npiuioaceHiiH. HeMapKHpoBaHHbie o6beKTbi 11 t'/ioci pi>kpi .vt PjI , noTOMy tp o b npnjioaceHHH 
He cymecTByeT kophh, 'icpe.3 KOTopbiii npiuioaccii hc motjio 6bi k hum o6paTHTbCH. 

Tenepb, Koiyi,a CLR 3HaeT, icaicne o6beKTbi /p,o.;i>kiiIjI ocTaTbca, a KaKiie mohcho yzi,a- 
jniTb, HaniiHaeTCH cjie,a,yiomaH (J>a3a yhopKii Mycopa, Ha3biBaeMaH CMamueM (compacting 
phase). B ptoh (J)a3e CLR nepeMemaeT bhii3 Bee <<HeMycopHbie» o6beKTbi, hto6m 
ohii 3aHHMajiii c.vioki iiii pi 6 jiok naMHTH. nepeMemeHiie HMeeT MHoro npenMymecTB. 
Bo-nepBbix, ocTaBmuecH o6beKTbi 6ya,yT HaxoAHTbCH no6jiH30CTH Apyr ot apyra; pto 
npiiBOAHT k coKpameHiiio pa3Mepa pa6onero Ha6opa npH/ioacemiH, a c;ie/i,oiiaTC. ; ii>iio, 
noBbimaeT npoH3BO/i,HTejibHOCTb o6pameHHH k pthm o6beKTaM b 6y/i,ymeM. Bo-btophx, 
CBo6oyi,Hoe npocTpaHCTBO Toace CTaHOBiiTCH HenpepbiBHbiM, hto no3BOJiHeT ocBo6oyi,HTb 
PTy ooaacTP) a/ppcciiom npocTpaHCTBa. HaKOHeu., cacaTiie no3BOJiHeT H36eacaTb ii|:)o6;ie.vi 
())pai'M(‘mannn aapecHoro npocTpaHCTBa npn Hcnojib30BaHiin ynpaBjiHeMoii icy pip. 

nocae nepeMemeHiiH b naMHTH bcc ccbijiKH Ha <<BbiaciiBmne>> o6beKTbi H3 KopHeii 
yKa3biBaiOT Ha npeacHee MecTOHaxoac/p,eHiie o6beKTa b naMHTH, a He Ha tot a/ppcc, no 
KOTopoMy o6beKT 6bui nepeMemeH. Ecjih bo3o6hobhtb BbinojiHemie noTOKOB Ha ptoh 
CT a/inn, noTOKii o6paTHTCH no CTapbiM a/tpecaM, 'ito iipnise/pcr k HeKoppeKTHOMy hc- 
nojib30BaHiiio naMHTH. Pa3yMeeTCH, ptoto aonycKaTh iic.uxsm, noPTOMy b cj)a3e cacaTHH 
CLR BbiHHTaeT H3 Kaac/i,oro kophh kojihacctbo 6aiiT, Ha KOTopoe oO'PjCict 6bui c/i,iiniiyT 


















ynpaB/ifleMafl xyna 559 


bhh3 b iia.YiMTiL TeM caMbiM rapaHTiipyeTCH, tio Kaac/ibiii KopeHb 6y;i,CT ccbiaaTbCH Ha tot 
ace o6beKT, hto h npeayie; npocTO ceiraac 9tot oobeici o Kaaa./iCM b apyroM MecTe naMjroi. 

ITocae cacaTiia naMHTH kv'iii b yKa 3 aTejib NextOb j Ptn ynpaBjiHeMoii icyi h saiiocmca 
nepBbiii a/i,pec 3 a r iocjic/u i it \i o6beKTOM, He mb. hiioihiimcm MycopoM. Ilo oto.vpv aapecy 
c.;ic/i,yi()miiii hobmh 06'beirr oy/i,CT pa 3 MemeH b naMHTH. Ha pnc. 21.3 noKa 3 aHa ynpaB- 
jiaeMaa icyta nocae cacaTHH. nocae aaisepmeimH cj)a 3 bi cacaTHH CLR lioaooiPOii./iHCT bh- 
nojiHeHiie noTOKOB iipn./ioacemia, a ohii oopamaicnca k o6beKTaM TaK, cjiobho HiiKaKoii 
y6opKH Mycopa h He 6buio. 



f > 

KopHu: 

no/ifl m nepeMeHHbie 

<_J 


✓ 


33 ..,..,. 

A 

C D F H 


317 



NextObj Ptr 

Pmc. 21.3. YnpaBJiaeMaa xyna noc/ie ydopKH Mycopa 


Lean CLR He yaacTca ocBo6o/i,HTb naMHTb b pe3yabraTe y6opKH Mycopa, a b npo- 
neccax hc ocTaaocb aapecipoi'o npocTpaHCTBa /jjih BbmeneHHH hoboto cerMCHTa, aiia'tHT, 
CBo6o;i,iiaa naMHTb npopecca iioaiioci'bio iicac|)iiaiia. B otom caynaenonbiTKa BbmeaeHHH 
HOBofi naMHTH onepaTopoM new iipnne/yn k Bbmane iioK.iio'ieima OutOfMemoryExcep- 
tion. Barne npunoaceHiie MoaceT nepexBaTHTb .oto iicicaio'peiiiie h BoccTaHOBHTbcn nocae 
Hero, ho 6ojibmiiHCTBO npunoHceHiiiiHe iibnaerca oto aeaaTb; bmccto otoio ncic. iioaeime 
npeBpamaeTca b Heo6pa6oTaHHoe, Windows 3aBepmaeT nponecc, a 3aTeM ocBo6oaca,aeT 
bck) naMHTb, iiciio. ib.ioiiaimyio nponeccoM. 

nporpaMMHCTa,oaaceH nsn./ieab /p,hh ce6n uccico. ibico BaacHbix ypoKOB 113 .otoio onu- 
caHiia. Bo-nepBbix, HCKaronaeTCH yrcnca odbeicioii, TaK KaK Bee oO'ijeKTbi, iicaoc ryinnac 
ot ko|)iK‘ ii npnaoaceHHH, paHO n./in no3/i,HO yim'noacacT ydopmi-iK Mycopa. Bo-btophx, 
o.rai'oaapM ydopKeMycopaHeB03MoacHO noaynHTbAOCTyn k ocBodoac/ieHHOMy oobeiay 
c iiocjie/i,yioini'iM noBpeac/i,eHiieM naMHTH. 

BHMMAHME 

CTaTnaecKoe none Tuna xpaHHT oOteKT, Ha KOTopbiti ccbi/iaeTca, 6eccpoHHO h/ih ao 
B birpy3Kn AOMeHa npnnoxeHnn c 3arpyxeHHbiMn Ti/inaMH. HaiAe Bcero yTenxa naMHTH 
B03HMKaeT n3-3a xpaHeHHa b CTaTi/iHecKOM none ccbiaxn Ha KO/uieKumo, b KOTopyio 
AobaBTiaiOTca 3/ieMeHTbi. CTaTHnecKoe none coxpaHaeT odteKT KO/uieKu,nn, KOTopaa, 
b cboio onepeAb, coxpaHaeT Bee cboh 3/ieMeHTbi. noaTOMy OTaTHHecicnx no/iei/i c/ieAyeT 
no B03M0XH0CTH H36eraTb. 
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Y6opKa Mycopa v\ OT/iaflKa 

KaK TOJibKO o6'bCK'l' c ianomncM hcaocthschmmm, oh npeispainacTCH b icaii/ui/una Ha 
yAajieHiie — oObeKTbi asacko He BcerAa «AOACHBaiOT» a o 3aBepmeHira pa6oTbi MeTOAa. 
/[. ia npujioaceHiiH 3Ta oco6eHHOCTb MoaceT ii.vie'ib iiHTepecHbie nocAeACTBim. HanpiiMep, 
paccMOTpuM cjie/iyiomHH kojx: 

using System; 

using System.Threading; 

public static class Program { 
public static void Main() { 

// Co3flaHne o6beKTa Timer, BbBbiBaiomero MeTOA TimerCallback 
// KaxAbie 2000 Mn/i/inceKyHA 

Timer t = new Timer(TimerCallback, null, 0, 2000); 

// )KfleM, KorAa noAb30BaTeAb Ha>KMeT Enter 
Console.ReadLine(); 

} 

private static void TimerCallback(Object o) { 

// BbIBOA ASTbl/BpeMeHM Bbl30Ba 3T0T0 MeTOAa 

Console.WriteLine("In TimerCallback: " + DateTime.Now); 

// npnHyAMTeAbHbifi Bbi30B y6opmm<a Mycopa b 3T0ii nporpaMMe 
GC.Collect(); 

} 

} 


OTKOMnujHipyHTe stot koa h 3 KOMaii.Tiioii CTpoKii, He HCiio.Tb.'iya HHKaKHx cneH.ii- 
ajibHbix napaMCTpoB KOMmuiHTopa. 3aTeM, 3anycTiiB nojiyHeHHbiii iicnoAHaeMbift cjiafui, 
Bbi yBHAHTe, tio mctoa TimerCallback bbi3P>iiiacTCM Bcero o/uiii pa3! 

Ilocjie H3yHeHiiH npiiBeAeHHoro koas CKAaAbiBaeTCH BnenaTAemie, hto mctoa 
TimerCallback 6yAeT Bbi3biBaTbCH KaacAbie 2000 MHAAHceicyHA. B kohhc kohhob, mm 
co3AaeM ofi'iicicr Timer, Ha KOTopbift ccbiAaeTca rlepe.viciman t. IIocKOJibKy Taimep cvmc- 
CTByeT, oh AOAaceHcpaOaTbiBaTb. Ho oOparaTe BHiiMaHiie, tto b MeTOAe TimerCallback 
nponeAypay6opiciiMycopa bbi.sbiisacTCM npimyAHTejibHO mctoaom GC.Collect(). 

I Ioctc 3anycKa yOopujiiK Mycopa iipe/piciTaracT, tio bcc oObeKTbi b icyie hcaoctiiach- 
mm (to ecTb hbjihiotch MycopoM), b tom HHCAC o6beKT Timer. 3aTeM y6opmiIK npOBepaeT 
KopHii npiiAoaceHim h bhaht, tio mctoa Main He hciioa buyer nepeMeHHyio t i ioc.tc 
npucBoeHHH eft .iiiauemi a . I Iootomv b npiiAOAceHini i ict nepeMeHHoft, ccbuiaiomeftGA Ha 
o6beKT Timer, h y6opmiiK Mycopa ocBo6oacAaeT 3aHHTyio iim naMHTb. B htotc TaftMep 
ocTaHaBAHBaeTca, a mctoa TimerCallback Bbi3biBaeTCH bccto oahh pa3. 

/(onycTHM, bm ncnoAb3yeTe OTAaAHinc aah mctoaa Main, a y6opKa Mycopa nponcxoAHT 
cpa3y iiocTC npucBoeHira nepeMeHHoft t aApeca hoboto o6beiera Timer. L l io c.tv' i htcti, 
ecAH 3aTeM bm nonbiTaeTecb npocMOTpeTb o6beKT, Ha kotopmit ccbiAaeTCH t, b okhc 
Q uick Watch OTAaATHKa? Otaaathk He cmoacct noKa3aTb oObckt, noTOMy tto tot 6ma 
y/Ui-Teii y6opmiiKOM Mycopa. /[yia mhotiix paapanoTTHKoii TaKoft BapnaHT paa.isirma 
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Co6bITHH CTajI 6bl O'K'III. HenpiIHTHbIM CI0pnpH30M, II03T0MV ClICHIiaillCI bl Microsoft 
npe/yioacH/iH npyroe pemeHiie. 

IIpiI KOMnHJIHUHH c6opKII C KJHOHOM /debug KOMnilJIHTOpa C# KOMnilJIHTOp npn- 
MeHaeT k nojiyaeHHoii c6opKe aTpnSyT System.Diagnostics .DebuggableAttribute 
c ycTaHOBJieHHHM cjMaroM DisableOptimizations. IIpii komith/tohith MeTO/ia bo 
B peMH BbinOJIHeHIIH JIT-KOMnHJIHTOp BHAHT, HTO 3TOT axpn6yT 33/1,311, H HCKyCCTBCHHO 
npo/yieBaeT ispc.viM >10131111 Bcex KopHeft 00 3aBepmeHiia mcto/pi. B mocm nprmepe JIT- 
KOMmijiHTop coHTaeT, hto nepeMCHHaa t b Main AO/iacHa cymecTBOBaTb ao KOHija MCTO/ia. 
TaKiiM o6pa30M, ec/ra nponcxoAHT y6opKa Mycopa, y6op 1 u 11 k Tenepb curracr, hto t 
ocTaeTca KopHeM, a o6beKT Timen, Ha KOTopbiii ccbi/iaeTca t, no-npeacHeMy AOCTHacHM. 
06beKT Timer nepeacHBeT y6opKy Mycopa, a mctoa TimerCallback 6yAeT Bbi3biBaTbca 
MHoroKpaTHO mi. iOTb /i,o 31,1X0/1,3 H3 Main. 

HTo6bI y6eAHTbCH B 3T0M, I ICpCKOM 1111/1 IipV HTC npOrpaMMy H3 K'OMail/Uloii CTpOKII, 
ho Ha 3 tot pa3 yKaacHTe k.iiot KOMiin/iaTopa C# /debug. Tenepb npn Bbino/iHeHioi 
nojiyneHHoro ncno/maeMoro cjjaii/ia mctoa TimerCallback 6yAeT Bbi3biBaTbca mhoto- 
KpaTHo! YnTHTe, hto K/iiOH /optimize+ KOMmuiaTopa C# CHOBa BK/noaaeT onTHMH3aiiHH, 
II03T0MV OH He /I.0./I/ICCI1 IICn0JIb30BaTbCH npil 11 IIOliC/LCf I IT II 3l(Clie|)l1MCIIT3. 

JIT-KOMnH/iHTop Acoacr 3 to, HTo6bi homo 1 11 , BaM b npoiiecce OT/ia/uoi. Tenepb mo>k- 
ho 3anycTHTb ii|)ii/io>Kei[iic b ooi.hiiiom pc/KH.vie (6e3 or/ia/i/tnica), h cc/i 11 mctoa ovact 
B bi3BaH, JIT-KOMraijuiTop HCKyccTBeHHO viscoh'iiit iipe.Ma >10131111 nepeMeHHbix AO ero 
OKOHoaHiia. 3aTeM, ec/iH k npoiieccy 6yaeT Ao6aB/ieH OT/iaAHHK, mo>kho BCTaBiiTb Toaicy 
ocTaHOBa b paHee CKOMmiJiHpoBaHHbiii mctoa h H.ayiHTi, nepeMeHHbie. 

Tenepb bh 3HaeTe, Kan coa/taTi, nporpaMMy, KOTopaa pa6oTaeT b OT/ia/i.O'iiiOM Bapn- 
aHTe, ho He pa6oTaeT /i,o. i>k' i i i>i m o6pa30M b totoboh Bepcnn. Ho nporpaMMa, KoppeKTHO 
pa6oT3IOIH33 TOJIbKO B pOKHMC OT/13/1,101, 6eCnOJie3Ha. 11 OSTOMY IIOo6xO/l,HMO CpCACTISO, 
ooeciie'iHiiaioiHCC pa6oTy nporpaMMbi He3aBHCHM0 ot Tima ee c6opicii. 

Mo>kho nonpo6oBaTb H3MeHiiTb mctoa Main c/ieAyiomiiM o6pa30M: 
public static void Main() { 

// Co3flaHue o6beKTa Timer, Bbi3biBaiomero MeTOA TimerCallback Kaxflbie 2000 mc 
T imer t = new Timer(TimerCallback, null, 0, 2000); 

// XfleM, Korfla no/ib30BaTe.nb HaxMeT Enter 
Console.ReadLine(); 

// Co3flaeM ccbmKy Ha t noc/ie ReadLine 

// (b xofle onTHMH3ai4nu 3Ta cTpoxa yAa/ineTCfi) 

t = null; 

} 

Bee paBHO nocjie KOMniuiaiimi 3Toro KOAa (6e3 napaMCTpa /debug+) h 3anycKa no/iy- 
aeHHoro ncno/maeMoro cjiaiiaa (6e3 OT/iaA/nnca) BbiacmiTca, hto mctoa Timer_Callback 
Bbi3biBaeTca Bcero pa3. JXeno 3/i.cci, b tom, hto JIT-KOMmuiaTop >i ii. i/ie rco onTHMH3npy- 
iobihm, a npupaBHiiBaHiie /ioKaabHOii nepeMeHHoii hjih nepeMeHHoii-napaMeTpa k null 
paBH03HaaH0 OTcyTCTBiiio ccbuiKH Ha 3Ty nepeMeHHyio. H ilaoe roBopa, JIT-KOMniuiaTop 
b xoAe onTHMii3aH,ioi no/iHOCTbK) y6npaeT CTpoKy t = null; H3 nporpaMMbi, H3-3a 
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PToro OHa pa6oTaeT He TaK, KaK xoTenocb 6m. Bot KaK npaBiuibHO c;ic;i,oiia. ; i() H3MeHHTb 
mctoa Main: 

public static void Main() { 

// Co3flamie o6beKTa Timer, Bbi3biBaiomero MeTOfl TimerCallback xaxflbie 2000 mc 
Timer t = new Timer(TimerCallback, null, 0, 2000); 

// XfleM, Korfla no/ib30BaTe/ib HaxMeT Enter 
Console.ReadLine(); 

// Co3flaeM ccbmKy Ha nepeMeHHyw t noc/ie ReadLine 
// (t He yfla/iaeTCfl y6opmnKOM Mycopa 
// flo B03BpameHHH ynpaB/ieHMfi MeTOflOM Dispose) 
t.Dispose(); 

} 

Tenepb, CKOMmumpoBaB ptot koa (6e3 napaMCTpa /debug+) h 3anycTHB nojiyieHHbiH 
ncno./umcMiiiii <})aii./i (6e3 cnjia/ptnKa), bh yun/n-n'c, hto mctoa TimerCallback Bbi3bi- 
BaeTCH HecKOJibKO pa3, h nporpaMMa pa6oTaeT KoppeKTHO. 3to oObPCinieTCM tcm, hto 
o6beKT, Ha KOTopbiii ccbuiaeTCH iicpe.vicimaH t, He AonaceH yAaAHTbcn, hto6m aah Hero 
moacho 6buio Bbi3BaTb mctoa Dispose (ana'iemie t HyatHO iicpc/pri b mctoav Dispose 
KaK apryMeHT this). I IapaAOKc: hbho yKa3biBaH, b KaKOM MecTe TafiMep aoaacch 6biTb 
yHHHToaceH, mm npoAACBaeM ero /icnaiib ao ptoh tohkh. 

nPMMEHAHME 

iloc/ie Bcero CKa3aHHoro He ctomt npe>KAeBpeMeHHO becnoxotiTbCP o tom, hto Banin 
cobcTBeHHbie obnexTbi MoryT 6biTb yHHHTO>xeHbi paHbme BpeMeHn. K/iacc Timer nc- 
no/ib30Banca b obcyxfleHnn To/ibxo n3-3a CBoero cneu,ncJ)HHecKoro OTcyTCTByiomero 
y APyrnx x/iaccoB noBeneHnp. fle/io b tom, hto npncyrcTBHe b xyne obnexTa Timer npn- 
boaht k nepnoAHnecKOMy Bbi30By MeTOAa. flpyrne Tnnbi He b coctophmm TaK cebp Bee™. 
K npnMepy, Ha/inni/ie b naMp™ obnexTa String He i/iMeeT Hnxaxnx nocneACTBnti. CTpoKa 
npocTO HaxoAnTCP b xyne. Mmchho noaTOMy, HTobbi npoAOMOHCTpnpoBaTb, xax paboTaiOT 
KopHti v xaxBpeMP xm3hh obtexTa CBP3aHO c OT/iaAHnxoM, p ncno/ib30Ba/i obnexT Timer. 
Ho npn 3tom ochobhoh Bonpoc coctopti He b tom, xax pacTPHyTb BpeMP >xh3hi/i obtexTa. 
BpeMP >xh3hh ocTa/ibHbix obtexTOB onpene/ipeTCP npnno>xeHneM aBTOMaTnnecxn. 


rioKOJieHMq 

YBopmuK Mycopa c noddepjKxou noKOJiemiu (generational garbage collector), KOTopbiii 
TaKAte Ha3biBaiOT otpeMepubiM y6opni,UKOM Mycopa (ephemeral garbage collector), xoth 
h He nciio.TPj.'iyio TaKoii TepMHH b CBoeii Kimre, paboTaeT Ha ocHOBe ctcavioiuhx npeA- 
tioaoacchhh: 

□ mcm MAaAme obneKT, TeM Kopone ero BpeMH ach 3 hii; 

□ hcm CTapme obneKT, TeM a- : i uni ice ero BpeMH ach 3 hh; 

□ y 6 opica Mycopa b hacth icy in BbinoAHaeTCH bbictpee, hcm bo Bceii Kyic. 


floKO/iem/ifl 563 


CnpaBe/yiiiBOCTb othx npeAno/ioacemiH /yia 6ojibinoro Ha6opa cymecTByromux npn- 
jioaceHHH /toica.'iaiia .vnioiOHHC.aeimbi.vtn ncc. : icvi,OBaiiiiMMii, no/noviy ohii iiob. ih a .mi Ha 
peajHi3aH,iiio y6opmiiKa Mycopa. B otom paa/iyac oraicaH npHiiiym pa6oTbi noKOjiemin. 

Cpa3y nocjie vmmxaajm3au,mi b ynpaBjiaeMoil kvmc hct o6beKTOB. IoBopaT, 'n o 
coa/taisacMbie b i/vhc o6beKTbi cocaais./iaioa noKOJieHiie 0 . Ilpome roBopa, k HyjieBOMy 
noKOJiCHHio OTHOcaTca TOJibKO mto coa/tai 111 i.ie o6beKTbi, KOTopbix He Kacaaca yoopii 11 n ic 
Mycopa. PucyHOK 21.4 AeMOHcrpupyeT TOJibKO hto 3anyin,eHHoe npHjioaccm-rc, pa3- 
MecTHBHiee b naMaTH naTb o6beKTOB (A—E). L l epc.3 HeKOTopoe ape mm o6beKTbi C u E 
CTaHOBaTca ncaocTyiiiii.iMii. 


1 < 1 

1 00 1 

c 

D 

E 



I- 

floKo^eHne 0 


Pmc. 21.4. Bufl KyHH cpa3y noc/ie uHHunaaMsauuu: Bee o6teKTbi b Hen othochtcm 
k noKoaeHaio 0, y6opi<a Mycopa eme He BbinoaHaaacb 

Ilpn HHHu,Hajiii3au,iiii CLR Bbi6npaeT noporoBbifi pa3Mep jijih noKO/iemia 0. Ecjih 
b pe3yjibraTe Bbmejiemia naMaTH /yia hoboto o6beKTa pa3Mep noKO/iemia 0 npeBbimaeT no- 
poroBoe 3HaaeHiie, aojiacHa HaaaTbca y6opKa Mycopa. /lonycTHM, o6beKTbi A -E othochtch 
k noKOJiemiio 0. Tor/ta npn pa3MemeHini o6beKTa FflOJiacHa HaaaTbca y6opKa Mycopa. 

ySopmHK Mycopaonpe/iejiaeT, mto o6beKTbi CiiE— sto Mycop, h abmo/macT cacarae 
naMaTH a,jia o6beKTa D, ncpcMCiiiaa ero Bn/iOTHyio k o6beKTy B. 06beKTbi, nepeaciiBmue 
y6opKy Mycopa (A, B h [)), CTaHOBaTca iioko.tciihcm 1. 06beKTbi H3 noKOJieHHa 1 6bi./m 
npoBepeHbi y6opmnKovt Mycopa 0 / 1,1111 pa3. Tenepb i/yia bbiraa/tin TaK, KaK noKa3aHO 
Ha puc. 21.5. 


A 

B 

D 


- 1 

-► 


noKOJieHne 1 FloKoneHne 0 

Pmc. 21.5. Bi/ia Kynia noc/ie oahom y6opKn Mycopa: BbixHBLuiae o6teKTbi 1/13 noKoaeHiaa 0 
nepexoAHT b noKO/ieHae 1, noKoaeHMe 0 nycTyeT 

Ilocjiey6opKii Mycopa o6beKTOB b noKO/ieHim 0 He ocTaeTca. Tya,a iio.vtemaioacM ho- 
Bbie o6beKTbi. KaK noKa3aHO Ha piic. 21.6, npimoacemie npoAOJiacaeT pa6oTy h pa3MemaeT 
o6beKTbi F-K. TaKace b xo/te pa6oTbi npH/ioaceHiia CTaHOBaTca iie/toc lyimbivni o6beKTbi 
B, FI h J, nooio.vty .aatia aaa iimii naMHTb /to/moia paHO hjih 1103/1,110 ociiooo/on bca. 


A 

B 

D 

F 

G 

H 

1 

J 

K 


— 

-► 


rioKoneHMe 1 rioKoneHMe 0 

Pmc. 21.6. B noKoaeHHH 0 noaBnancb HOBbie o6teKTbi, b noKoneHHH 1 — Mycop 
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A Tenepb npeACTaBbre, hto npn nonbiTKe pa3MemeHim o6beKTa L pa3Mep noKOAemia 0 
npeBbiCHJi noporoBoe ana'iemie, noaxoMy /lO.T/Kiia na'iarboi y6opKa Mycopa. IIpn 3 tom 
ydopmmc Mycopa pernaeT, icaiaic iioKOjieima CAC/tyex o6pa6oTaTb. H yace ynoMiiHan, 
hto npn HHHUHajiH3au;HH CLR Bbi6npaeT noporoBbiii pa3Mep noKo.iemiM 0; CLR xai&KC 
Bbi6HpaeT noporoBbifi pa3Mep ana iioko./iciiii a 1. 

Haamiaa y6opicy Mycopa, y6opmHK onpeAenaeT, ckoamco iiavarra aaimxo noKone- 
Hi-ieM 1. IIoKa noKOJieHiie 1 3aHiiMaeT HaMHoro MeHbiue OTiscyi,cimoi ; i naMHXH, iioaxoMy 
y6opmHK 11poHepacT TOJibKO o6beKTbi noKOJieHim 0. Eme pa3 npocMOTpHTe npeAnono- 
Kemra, Ha KOTopbix oaaiipycxcj-i pa6oTa y6opmnKa Mycopa. IlepBoe AOiiymemie rjiacuT, 
hto y HOBbix o6beKTOB BpeMH >k n ,j n n Kopoac. I IoaxoMy b noKOJieHim 0, CKopee Bcero, 
OKaaceTCH MHoro Mycopa, h o'uicxKaaxoro iioico./icima ocbo6oaht mi mm na.viHTn. Ano- 
CKOJibKy y6opmmc iirHopupyeT o6bCKTbi noKO./iciiiia 1, y6opica Mycopa .iiiaan iejiiiiio 
ycKopaeTCH. 

Hcho, mto iirHopupoBaHiie o6beKTOB noKOJiemra 1 noBbimaeT dbicxpo/yxkniiiie y6op- 
mHKa. OyiiaKO ero npoH3BOAHTeAbHOCTb pacTeT eme doAbrne o./iaro/tapM BbidopoHHOH 
npoBepKii o6beKTOB b ynpaBJiaeMofi ityac. Ecjih KopeHb iiah o6beKT ccbuiaeTca Ha o6beKT 
H3 CTapmero HOKOAemm, y6opmnKnraopupyeT Bee miyxpemmc ccmakiiCT apmero 06b- 
eKTa, coKpamaxi hjicmh iiocxpoemia rpacjta pocTynHbix o6beKTOB. Koncaiio, ii03.vio>Kiia 
CHTyau,HH, Korpa CTapbiii o6beKT ccia./iaeioi Ha hobhh. Mxodbi He nponycTHTb o6hob- 
jieHHbie nojia axnx CTapbix o6beKTOB, ydopmiiK Hcnojib3yeT miyxpcmmii MexaHH3M 
JIT-KOMnHJiHTopa, ycxaiiaixxiibaioiiuiii (jxiar npnH3MeHeHiiii ccbuiOHHoro iio.xm oo'bCKxa. 
Oh no3BOJiaeT yoopmiiiyy BbiHCHHXb, icaiCHC H3 CTapbix o6beKTOB (ecun ohh ecTb) 6bum 
H3MeH6Hbi c MOMCiixa i iocac/p icii y6opKii Mycopa. OcTaercH npoBepaTb xo. ibKO cTapbie 

06 beKTbI C H3MCHeHHbIMH IIO./IHMH, HTo6bI BbIHCHHTb, He CCbl. iaiOTCM JIH OHII Ha HOBbie 
06 beKTbI H3 nOKOJieHIIH 0 1 . 

nPMMEHAHME 

TecTbi ObiCTpoAeMCTBua, npoBeAeHHbie Microsoft, noKa3a/in, hto ydopxa Mycopa b no- 
Konem/in 0 3aHMMaeT MeHbLue 1 mc. Microsoft CTpeMi/iTCfl KTOMy, htoOw y6opi<a Mycopa 
3aHMMa/ia He do/ibLue BpeMeHn, aeM o6cny>KMBaHne odbiHHOti CTpaHi/iHHOM olumSkh. 


1 Koraa JIT-KOMnujiHTop C03AaeT ManiHHHbift koa, MOAH(|>HAHpyiomHH ccbiAOHHoe nojie BHyTpH 
odbeicra, Ty^a bxoaht BH30B 6apbepHoro MeTO/ia 3anncH (write barrier method). 3tot mctoa npo- 
BepaeT, npimaAAeACHT ah odbeKT, noAH KOToporo H3MeHHi0Tca, k noKOAeHHio 1 hah 2. B CAynae 
noAoacHTeAbHoro pe3yAbTaTa koa dapbepHoro MeTOAa 3anncH ycTaHaBAHBaeT 6ht bo BHyTpeHHeft 
TadAinje (card table). 3Ta TadAima coAepaciiT no OAHOMy driTy aah KaMCAoro 128-dairrHoro Aiia- 
na30Ha AaHHbix b Kyne. B HanaAe CAeAyionjero ahkaa cdopKH Mycopa H3 TadAinjbi onpeAeAaeTca, 
noAa kakhx odteKTOB noKOAeroiH 1 h 2 H3MeHHAiicb c MOMeHTa npomeAnieft cdopKii. Ecah KaKoft-To 
H3 3thx odbeKTOB ccbiAaeTCH Ha odbeKT noKOAeHHH 0, 3tot odbeKT nepeaciiBaeT ydopxy Mycopa. 
IIocAe 3aBepmemia npopeAypbi BceM noAHM TadAimbi B03Bpamai0Tca HyAeBbie 3HaneHHH. HaAiinne 
KOAa dapbepHoro MeTOAa 3aniiCH HeraTHBHO CKa3biBaeTCH Ha npoH3BOAHreAbHOCTH npn 3amrcH 
ccbiAOHHbix noAeii y odbeKTa (b oTAiinne ot AOKaAbHbix nepeMeHHbix hah cTaTiinecKiix noAeii). 
IlpoH3BOAHTeAbHocTb naAaeT eme doAbme, ecAH odbeKT npHHaAAeacHT noKOAeHHio 1 hah 2 . 
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y6opmmc Mycopa c no/mepacKoii noKOJieHHH xaiOKC iipe/pio./iaracT, tio o6 - beKTbi, 
npoacHBinne AOCTaxoano aojito, npoaojiacaT acHTb h Aajibme. TaK tio Bejraica nepoaT- 
HOCTb, tio o6beKTbi noKo.ieima 1 h BnpeAb ocTanyi'oi /tocTymibiMii b npnjioaceHHH. 
To ecTb npoBepiiB o6beKTbi noKo.ieima 1, y6opimiK iiamcji 6bi Majio Mycopa h He CMor 
6bi ocBo6o/i,HTb MHoro naMHTH. CjieAOBaTejibHO, y6opKa Mycopa b noKOjieHiiii 1, CKopee 
Bcero, OKaaceTca nycToii TpaToii BpeMemi. Ecjiii b noKOjieHiiii 1 iiomh.imctcm Mycop, oh 
npocTO ociae ica TaM. Ceiiaac Kyaa bbiiaia/HiT, KaK noKa3aHO Ha puc. 21.7. 


A 

B 

D 

F 

G 

1 

K 

-11 


noKo^eHne 1 noKo^eHwe 0 

Pmc. 21.7. Bma Kyaw noc/ie AByx onepapMM y6opKM Mycopa: BbixuBLime oSteKTbi 
n3 noKO/ieHna 0 nepexoA^T b noKO/ieHMe 1 (yBe/inanBaa ero pa3Mep), 
noKO/ieHiae 0 nyciyei 

KaK BiiAHTe, Bee o6beKTbi H3 noKOjicima 0, nepeacHBiime y6opKy Mycopa, nepenum 
b noKOjieHne 1. TaK KaK y6opmii k He npoBepaeT noKOJieHiie 1, naMHTh, aaiiMiaa o6beK- 
tom B , He ocBo6oayi,aeTCH, Aaace ecjm stot o6beKT Ha momcht y6opKii Mycopa HeAOCTyneH. 
H b 3tot pa3 nocjie y6opKii Mycopa iioKo.ieime 0 nycTeeT, b sto iioiai.ieime nona/tyr 
HOBbie o6beKTbi. /loiiycTn.vi, npujioaceHiie pa6oTaeT AaJibme h isijIacjimct naMHTb iioa 
o6beKTbi L - O . Bo BpeMH pa6oTbi npujioaceHiie npeKpamaeT Hcnojib30BaTb o6beKTbi G , 
L H M , H OHIi CTaHOBHTCH IICAOCIV 1111 bl M H. B pe3yjIbTaTe Kvaa BbirJIHAIIT TaK, KaK no- 
Ka3aHO Ha puc. 21.8. 


A 

B 

D 

F 

G 

1 

K 

L 

M 

N 

0 


-1 

-► 


noKOJieHMe 1 rioKO/ieHneO 

Pmc. 21.8. B noKO/ieHMM 0 C 03 AaHbi HOBbie o 6 teKTbi, KoauaecTBO Mycopa 
b noKO/ieHMi/i 1 yBeanamiocb 

/lonycTHM, b pe3yjibTaTe paa.vtcmemia o6beKTa P pa3Mep noKO./iemia 0 npeBbicmi 
noporoBoe 3HaneHHe, hto iiHim,impoBajio y6opKy Mycopa. IIocKOJibKy Bee o6beKTbi 
nOKOJieHIIH 1 3aHHMaiOT B COBOKynHOCTH MeHbHie nOpOTOBOrO ypOBHH, yOOpillllK BHOBb 
pernaeT co6paTb Mycop TOJibKO b noKOJieHHH 0, uraopupya iic/tocTyiiiibie o6beKTbi b no- 
KOJieHiiii 1 (B h G ). Kyaa nocjie y6opKii Mycopa noKa3aHa Ha puc. 21.9. 


A 

B 

D 

F 

G 

1 

K 

N 

0 


-1 

-► 


rioKoneHne 1 noKOJieHMe 0 

Pmc. 21.9. Bma xyan noc/ie Tpex onepapMM y6opKM Mycopa: BbixnBLUkie o6beKTbi 
m 3 noKoaeHMa 0 nepexoA^T b noKoaeHne 1 (yBe/inanBaa ero pa3Mep); 
noKonerme 0 nycTeeT 
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Ha pucymce bh/iho, tio noKOJieHiie 1 nocTenemio pacTeT. /lonycTHM, iioico.ienue 1 
Bbipocjio ao TaKnx pa3MepoB, ti o Bee ero o6 - beKTbi b coBOKynHOCTii npeBbiciiJiH noporo- 
Boe ana'icimc. B 3tot momciit npmioaceHiie npoAOAAcaeT pa6oTaTb (naroMy tio y6opKa 
Mycopa TOJibKO tio 3aBepinnjiacb) h na'iiniacT pa3MemeHiie b naMHTii o6beKTOB P—S, 
KOTopbie saiio./maiOT noKOJieHHe 0 ao ero noporoBoro ;sna'iemia (puc. 21.10). 


A 

B 

D 

F 

G 

1 

K 

N 

0 

P 

Q 

R 

S 



I-II- 

rioKO/ieHMe 1 floKO/ieHMe 0 


Pmc. 21.10. HoBbie o6beKTbi pa3MemeHbi b noKO/ieHMM 0, 
b noKO/ieHMH 1 noaBM/iocb 6o/ibLue Mycopa 

IIpii nonbiTKe npHAoaceHHH pa 3 MecTHTb o6beKT T noKOJieHiie 0 3 anojiHHeTCH h Ha- 
HHHaeTca y6opKa Mycopa. OAHaKO Ha otot pa 3 y 6opmu k Mycopa ooiiapyJKuiiaeT, tio 
M ecTO, aaiiMToe oO'bCKTa.Ytu, npeBbicnno noporoBoe ana'iemie. nocoie HecKOJibKiix one- 
pan,HH yOopKii Mycopa b itokoachhh 0 iie./i w ica BeponTHOCTb, tio HecKOJibKO 06'beicroii 
b noKOJiemiH 1 craji h HeAOCTynHbiMH (KaK b HarneM npiiMepe). I lo. 9 TO.viy Tenepb y6op- 
iiiii k Mycopa npoBepaeT Bee oObeKTbi iioico./ieirnii 1 h 0. nocjie yOopKii Mycopa b o6ohx 
noKOAeHHHx Ky'ia imir./mAur TaK, KaK noKa3aHO Ha puc. 21.11. 


D 

F 

1 

N 

0 

Q 

S 


HI-IF 


noKoneHne 2 noKO- noKoaeHwe 0 

oeHwe 1 


Pmc. 21.11. Bma Kynoi noc/ie neTbipex onepau,MM y6opKM Mycopa: BbDKMBLUMe oOteKTbi 
m 3 noKoaeHMa 1 nepexoA^T b noKonebme 2, BbixuBuiMe oObeKTbi m 3 noKoneHua 0 
nepexoA^T b noKoaeHMe 1, noKonebme 0 CHOBa nydo 


Bee BbiacuBHiHe o6beKTbi noKOJieHHH 0 Tenepb HaxoAHTCH b noKOJieHiiii 1, a Bee 
BbiacHBHme oO'bCKTbi noKOJieHHH 1 — b noKOJieHiiii 2. KaK BcerAa, cpa3y noc.ie yOoprai 
Mycopa noKOJieHiie 0 nycTeeT: b hcm 6yAyT paa.viemaTbCM HOBbie o6beKTbi. B noKOJie- 
hhh 2 HaxoAHTCH o6'be ktm, npoBepeHHbie y6opmiiKOM Mycopa He mc'iimhc AByx pa3. 
Onepan,HHyoopmi Mycopa mcokct 6biTb .vinom, ho oo'bcicibi iioKo.aeium 1 npoBepaiOTCH 
TOJibKO TorAa, KorAa hx cyMMapHbiii pa3Mep AOCTiiraeT noporoBoro 3HaHemiH — ao stoto 
o6biHHO npoxoAHT HecKOJibKO onepaii,HH yOopKii Mycopa b noKOJieHiiii 0. 

ynpaBJiaeMaa Kyi a iio/oicpaciiiiacT TOJibKO Tpn iioko./iciiiim: 0,1 h 2. I Ioko./iciium 3 He 
cymecTByeT 1 . npn iiHHu,iiajiH3aAHH b CLR ycaaaiaai.auiiacacM noporoBoe aiiaaeime aah 
B cex Tpex iioKo.ieiiiiii. y6opmiiK Mycopa CLR mh. imctcm caMOHacTpaiiBaiomiiMOi, to ecTb 
b npoitecce pa6o a a>i oh aHajiH3iipyeT <)iv11 k 11uonai. ri>11o<"i tj. iipu.aojiceiiua h amaarrupycacja. 
Hanpimep, ecAii iipu.ao>Keiiue co3AaeT mhoaccctbo oObcktob h iio.ibaycacai imi oaeiib 




CTaTHaecKiiii MeTOA MaxGeneration KJiacca System. GC- B 03 BpamaeT 2. 
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HeAOJiro, y6opKa Mycopa b noKOJieHHH 0 no3BOJiaeT ocBo6oAHTb MHoro naMHTH. Ha 
caMOM acjic, b noKOjiemin 0 mohcho ocBo6oAHTb naMHTb Bcex o6beKTOB. 

Ecjih y6opmiiK bhaht, hto nocjie y6opKii Mycopa b noKOJieHHH 0 OCTaeTCH oneHb Majio 
BbiaciiBBiHx o6beKTOB, oh mohcct CHii3iiTb nopor ajih iioKOjicniiH 0. B OTO.vi c.w'tae y6opKa 
Mycopa 6yaeT BbinojiHHTbCH name, ho sto MeHbrne 3arpy3irr y6opmiiK, noaTOMy pa6oniiH 
Ha6op npou,ecca ocraneTCH iic6o. : ibmn.vi. B cymnocm, ecjni Bee o6beKTbi noKo.icmia 0 
CTaHyT MycopoM, y6opmiiKy He npHAeTCH Aaace AecjiparMeHTHpoBaTb naMHTb — AOCTa- 
tohho 6y/i,eT BepHyTb yKa3aTejib NextObjPtn b Hanajio iioKo.iemia 0, hto6h iiootinaTb 
y6opKy Mycopa aaKoieiemioii. SaMCfaiejibiiiiiii cnoco6 ocBofioa<Acmi h naMHTH! 

nPMMEHAHME 

y6opiii,nK Mycopa otjiuhho paSoTaeT c npn/io>xeHnaMn, noTOxn kotophx 6ojibLuyio nacTb 
BpeMeHu 6e3fleCicTByiOT, HaxoAacb b BepxHePi nadn CTexa. Korfla y noTOxa noaB/iaeTca 
pa6oTa, oh npocunaeTca, C03flaeT Hecxo/ibxo o6bexTOB c xopotxmm BpeMeHeM >xh3hh, 
B03BpamaeTynpaBJieHne n onaTb 3acbinaeT. Taxan apxmeKTypa pea/in30BaHa bo mhoi~hx 
npi/uio>xeHuax. HanpnMep, b npn/io>xeHnax c rpacpmecxMM HHTepcJjeCicoM nporpaMMHbM 
noTOx m-iTepcpefica npoBOAHT6o/ibinyK3 HacTb>xM3Hn b u,nx/ie cooSlaghhm. BpeMa ot Bpe- 
MeHM n0Hb30BaTeabC03AaeTBX0AHbieAaHHbie (co6bi™e xacaHna, Mbiinn nan xnaBnaTypbi), 
noTox axTMBM3npyeTca, o6pa6aTbiBaeTBBOA n B03BpaiAaeTC3 xo>xnAaHnio. Eo/ibLunHCTBO 
o6bexTOB, 003AaHHbix A-na o6pa6oTxn bboas, npn 3 tom CTaHOBHTca HeHy>xHbiMn. 

AHa/iorMHHbiM o6pa30M b cepBepHbix npwio>xeHHHx o6bmo ncno/ib3yeTca nyn noTOxoB, 
0>xnAaK3LAnx nocTynaeHHH 3anpocoB ot x/ineHTa. ripn no/iyneHHH 3anpoca C03AaiOTca 
HOBbie o6bexTbi Ana Bbino/iHeHna pa6o™ no nopyneHnio x/ineHTa. KorAa pe3y/ibTaT 3a- 
npoca B03BpaiAaeTca xjineHTy, norax B03BpaiAaeTca b nyn, a Bee C03AaHHbie hm o6texTbi 
noAnexaT yHHHTO>xeHnio. 


B to ace BpeMH, ecjiH nocjie o6pa6oTKH noKOJieHHH 0 y6opmiiK Mycopa o6HapyaciiBaeT 
MHOHCeCTBO BblHCHBHIHX o6bCKTOB, 3113'I H I , VAaCTCM OCb()6o/l,HTb MaJIO naMHTH. B 3TOM 
cjiynae y6opmiiK Mycopa MoaceT noAHHTb nopor ajih noKOJieHHH 0. B pe3yjibraTe y6opKa 
Mycopa BbinojiHHCTCH peace, ho KaacAbiii pa3 6yaeT ocBo6oacAaTbCH 3HaHHTejibHbiii o6neM 
naMHTH. KcTaTH, ecjni y6opmiiK ocBo6oacAaeT HeAOCTaTOHHO naMHTH, nepeA reHepupoBa- 
HiieM HCKJHoneHHH OutOfMemoryException oh BbinojiHHeT nojmyio y6opicy Mycopa. 

A npHBCJi npHMep Toro, KaK yoopmu k Ainia.viH'iecKii MoaceT H3MeHHTb nopor no¬ 
KOJieHHH 0, ho cxoAHbiM o6pa30M MoryT MeHHTbCH noporii /yiH nOKOJieHHH 1 H 2. npn 
y6opKe Mycopa b sthx noKOJiemiHx y6opin,iiK onpeAejineT, CKOJibKO naMHTH 6buio 
ocBo6oacAeHO h ckojibko o6beKTOB ocTajiocb. B 3aBiiciiMOCTH ot nojiyneHHbix /lamibix 
oh MoaceT yBejiiiHHTb hjih yMeHbinHTb noporii ajih sthx noKOJiemiH, HTo6bi noBbiciiTb 
npoii3BOAHTejibHOCTb pa6oTbi npiuioaccHiiH. B HTore y6opmiiK Mycopa airiOMaTH'icc kh 
a/iainiipycTCM k 3arpy3Ke naMHTH, neo6xo/i,nMoii ajih KOHKpeTHoro npiuioacemiH! 

IIoKa3aHHbiH Aajiee KJiacc GCNotification BbmaeT co6brme npn y6opKe Mycopa 
B noKOJieHHH 0 HJIH nOKOJieHHH 2. Ilo 3TOMy Co6bITHIO MOaCHO lio/uri b 3ByKOBOH CHmajI 
HJIH BblHIlC JIHTb, CKOJIbKO BpeMCHII npOBUIO MeHCAy y6opKaMH, KaKOli o6beM naMHTH 6bIJI 
BbmejieH h t. a. /taHHbiii KJiacc no3BOJiHeT npoaHajiH3iipoBaTb koa npiuioacemiH, hto6h 
jiynnie noHHTb, KaKHM o6pa30M oho Hcnojib3yeT naMHTb: 
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public static class GCNotification { 

private static Action<Int32> s_gcDone = null; // no/ie co6ntmh 

public static event Action<Int32> GCDone { 
add { 

// Ec/nn 3aperncTpnpoBaHHbie fle/iera™ OTcyTCTByroT, HannHaeM onoBemeHine 
if (s_gcDone == null) { new GenObject(0); new GenObject(2); } 
s_gcDone += value; 

} 

remove { s_gcDone -= value; } 


private sealed class GenObject { 
private Int32 regeneration; 

public GenObject(Int32 generation) { regeneration = generation; } 

~GenObject() { // MeTOfl <$Mnanw3au,v\\A 

// Ec/ini o6beKT npnHaflnexMT HywHOMy HaM nOKO/ieHmo (h/im Bbiwe), 

// onoBemaeM ae/ieraT o Bbino/iHeHHoii y6opKe Mycopa 
Action<Int32> temp = Volatile.Read(ref s_gcDone); 
if (temp != null) temp(m_generation); 

} 

// npoflo/ixaeM onoBemeHne, noKa ocTaeTcs xoTb oahh 3aperncTpnpoBaHHbiM 
// fle/ieraT, flOMeH npn/ioxeHnii He Bbirpy>KeH w npopecc He 3aBepweH 
if ((s_gcDone != null) 

&& !AppDomain.CurrentDomain.IsFinalizingForUnload() 

&& !Environment.HasShutdownStarted) { 

// fl/ia noKO/ieHMH 0 co3flaeM o6beKT; p,n» noKO/ieHina 2 BocicpeuiaeM 
// 06 beKT H n03B0/1fieM y6opil(HKy BbBBaTb MeTOfl <j)HHanM3aLlHM 
// npw c/ieflymmeii y6opKe Mycopa fl/ia noKO/ieHHFt 2 
if (m_generation == 0) new GenObject(0); 
else GC.ReRegisterForFinalize(this); 

} else { /* no3Bo^seM o6beKTy Mcne3HyTb */ } 

} 

} 

} 

3anycx y6opxti Mycopa 

KaK bm v>kc anaoxe, CLR 3 anycKaeT y 6 opKy Mycopa, Korna ooiiapy/KiiisacT, hto o 6 bom 
noKOjiemm 0/ificxnrcBoero noporoBoro .siia/teima. 3xo caMaapacnpocTpaHeHHaa npn- 
aiiHa 3anycKa y 6 opicii Mycopa, oflHaico ecTb h npyrne: 

□ Bbi 30 B CTarn»iecKoio MCTO/ia Collect odboicxa System.GC. Ko/i, hbho yKa 3 biBaeT, 
b KaKOH MOMeHT no/iacHa 6biTb BbinojiHeHa y6opKa Mycopa. Xoth Microsoft pernii- 
TeabHO He peKOMeHnyeT Hcnojib30Baxb 3 tot MeTon, HHorna npiiHyuHTejibHaa y6opKa 
Mycopa b ii|)n./iO/Kcmin Moacex 6biTb onpaB/iaHa. 3xox cnoco6 paccMaxpHBaexcH 
1103/1,1100 B 9T0H rjiaBO. 

□ Windows coodmaer o HexBaxKe naMaxn. CLR Hcnojib 3 yex c))yn k' r lh h Win32 Cre- 
ateMemoryResourceNotification h QueryMemoryResourceNotification jyisi 
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KOHTpOJIH COCTOHHIIH naMHTH CHCTeMbl. ECJIH Windows COOdmaeT O HeAOCTaTOHHOM 
o6'p>cmc ciio6o/i,iioii naMHTH, CLR 3 anycKaeT ydopKy Mycopa, hto6h H36aBHTbCH ot 
i[cnciio.Tb3ycMb[x odbeKTOB h coKpaTHTb pa3Mep padoaem Hadopa npon,ecca. 

□ Bbirpy3Ka aomchh iiphjiohcchhh. IIpn Bbirpy3Ke AO.vieiia npiMOHcemiH CLR bm- 
nojiHHeT nojmyio ydopKy Mycopa ana Bcex noKOJieHiiii. /(oMeHbi npHjioateHHH pac- 
CMaTpHBaiOTCH B 1 71 a I SC 22 . 

□ 3aBepmeHHe padoTbi CLR. CLR 3aBepmaeT padoTy npn HopMajibHOM 3aBep- 
meHHH npouecca (no cpaBHemno, HanpiiMep, c bhcuihum 3aBepnieHneM padoTM 
H3 /RicneTnepa 3aAan). Bo BpeMH 3aBepeHHH CLR cmiTaeT, hto b npouecce hct 

KOpHeBbIX CCbUIOK; odbeKTaM ll|)e,TOCTaii./l>ICTC>l B03M0HCH0CTb BbinOJIHHTb OHHCTKy, 

ho CLR He nbiTaeTCH Ae 4 ) P arMeHrni P OBaTI> hah ocBodoncAaTb naMHTb, noTOMy 
hto iiocjic 3aBepmeHHH Bcero uponecca Windows ainoMaTH'iecKn ocisodoK/iaeT 
bck) ero naMHTb. 


Eo/ibume o6i>eKTbi 

CynjecTByeT eme oahh nyTb noBbiinemiH dbiCTpoAeiiCTBiiH, o kotopom ctoiit paccKa3aTb. 
CLR /i,ejiHT odbeKTbi HaMaaibie h dojibnme. /(o HacTOHmero MO.vteinapacc.viaTpiiba.Tiicb 
TOJibKO Majibie odbeKTbi. Jliodbie odbeKTbi pa3MepoM 85 000 daiia h donee ctmaiOTca 
dojibniHMH 1 . CLR padoTaeT c dojibuiHMH odna'ina.vin no necKo. ibKO OTjiii'paiomii.vica 
npaiiiura.Yi: 

□ IlaMHTb aah hhx Bbi/i,ejiHeTCH b OT/i,cji bi [oii nacTH aApecHoro npocTpaHCTBa npopecca. 

□ K dojibiniiM odbeKTaM He npiiMCHHeTCH cacaTHe, Tax KaK Ha hx nepeMememie b naMHTH 
noTpedyeTCH cjinniKOM MHoro nponeccopHoro BpeMemi. Bo3MOHCHaH cjiparMeHTauHH 
anpecHoro npocTpaHCTBa mokav donbniHMH odbeKTaMH mojkct npiiBecTH k Bbmane 
HCKJiiOHeHHH OutOfMemoryException. B dy/tymiix BepciiHx CLR dojibinne odbeKTbi 
MoryT ynacTBOBaTb b cacaraH. 

□ Bojibinne odbeKTbi Bceraa CHHTaiOTCH nacTbio iioKo.;iemia 2, noaTOMy hx cjicavct 
C03/i,aBaTb jinnib aah pecypcoB, KOTopwe aojihchm aciiTb aoato. Pa3MemeHiie b naMHTH 
KopoTKOHCHBymux dojibinux odbeKTOB npiiBe/i,eT k HeodxoAHMOCTH nacTOH ydopKii 
Mycopa b noKOJieHiiii 2, hto CHiiacaeT r 1 1)0 11.3 no/i Hie./r bn oca tj. Odbiano b dojibninx 
odbeKTax xpaHHTCH dojibinne CTpoKii (HanpiiMep, XML hjih JSON) hjih MacciiBbi 
daiiTOB, ncnojib3yeMbie b onepauiiHx BBOAa/ BbiBOAa — HanpiiMep, npn htciihh AanHbix 
H3 (jiafuia hjih ceTH b dycjiep aah nocAeAyiomeii odpadoTKH. 

Bee 3 th MexaHH3Mbi adcojiiOTHO npo3panHbi /a;ia paa.padoT'ni Ka. Bbi mojicctc npocTO 
3adbiTb od hx cymecTBOBaHHii ao Tex nop, noxa b nporpaMMe He B03HHKHeT KaKan-midyAb 
aiiOMajibiiaa CHTyan,HH (HanpiiMep, ())|:)ai'.vicm anua aApecnoro npocTpaHCTBa). 


1 B dyAymeM noporoBbiii pa3Mep odbeKTa, npn kotopom oh caiiTaeTCH dojibiniiM, MoxceT dbiTb 
H3MeHeH. He cjieAyeT caiiTaTb 3HaaeHiie 85 000 KOHCTaHToft. 
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Pe>KiiMbi y6opKM Mycopa 

ITpi-i .'iaiiycKC CLR maoiipaercM 0 / 1,1111 H3 peacHMOB y6opicii Mycopa, KOTopbrii He MoaceT 
6biTb H3MeHeH jip aaiicpmemia npopecca. CymecTByeT yea ochobhmx pc/icii.via y6opicii 
Mycopa: 

□ PeacHM paSonett CTaHU,nn. 3 tot peaciiM HacTpaireaeT y6opicy Mycopa yaa iipn- 
. IO/KCmiii Ha CTOpOHe KJHieHTa. Oh OnTHMH3HpOBaH MHHIIMH3aU,HII BpeMeHii 
npiiocTaHOBKii noTOKOB npujioaceHiiH, hto6h hc pa3ypaacaTb noab30BaTeaa. y6opmiiK 
npeynoaaraeT, hto Ha KOMnbioTepe pa6oTaiOT ypyrue npiiaoaceHiiH, h crapacTCM He 
3aHHMaTb cjihhikom MHoro pecypcoB npopeccopa. 

□ PeacHM cepBepa. 3tot peacHM onTHMH3HpyeT y6opKy Mycopa yaa npiuioaceHiiii Ha 
CTopoHe cepBepa. y6opmiiic npeynoaaraeT, hto Ha Mainime He 3anymeHO HHKaKHx 
CTopoHHiixnpHjioaceHHH (KJiHeHTCKHX hjih cepBepHbix), iiooTO.viy Beepecypcbi npo- 
peccopa MoacHO 6pociiTb Ha y6opKy Mycopa. B otom peaaiMe ynpaBaaeMaa icyaa pa3- 
6npaeTca Ha Heocoabico pa3yeaoB — no oyHOMy Ha npopeccop. H3HaaaabHO y6opmHK 
Mycopa nc 110 .Th. 3 ycT oyiin noTOK Ha oyiin npoyeccop. Kaacybiii noTOK BbinoaHaeTca 
b co6ctbchhom pa3yeae oyHOBpeMCHHO c ypyniMii noTOKaMii. TaKoii noyxoy xopomo 
pa6oTaeT b cayaae npHaoaceHHH c eyiiHOo6pa3HbiM noBeyeHiieM pa6oaiix noTOKOB. 
Oymapia pa6oTaeT Ha KOMnbiOTepax c HecKoabKiiMii npoyeccopaMii; ToabKO b otom 
cav'iae napaaaeabHaa o6pa6oTKa noTOKOB no3BoaaeT iioav'tirn, npiipocT npoH3BO- 
aHTeabHOCTH. 

IIo y.vioa'iamiio npiiaoaceHiia 3anycicaiOTca b peacHMe paoo'teii CTaHuriri c mcaio'ien- 
hmm peacHMOM napaaaeabHofi y6opicii Mycopa. A cepBepHbie npiiaoaceHiia (Hanpimep, 
ASP.NET Han SQL Server), o6ecne T »iBaiomiie xocthht CLR, MoryT noTpe6oBaTb 3a- 
rpy3Kii peacHMa cepBepa. Oynaico ecan cepBepHoe npiiaoaceHiie 3anycicaeTca Ha o. pio- 
nporteccopHoii MamiiHe, CLR Bcerya ncnoab3yeT peaciiM pa6oaeii CTaiiuiTH. Abtohomhoc 
npiiaoaceHiie MoaceT npiiKa3aTb CLR ncnoab30BaTb cepBepHbiii y6opmiiK Mycopa nyTeM 
corsyainiH K()i[())iirv|:)aniioiiiiom crafty a (o tom, KaK oto cyeaaTb, paccKa3biBaaocb b raa- 
Bax 2 ii 3), coyepacaiyero aaeMeHT gcServer. Bot npimep KOH4)iirypan,iiOHHoro cjiaiiaa: 

<configuration> 

<runtime> 

<gcServer enabled="true"/> 

</runtime> 

</configuration> 

y3HaTb, 3anymeHa an cpeaa CLR b cepBepHOM GC-peacHMe, MoacHO npn noMomii 
aomaecKoro CBOHCTBa IsServerGC Kaacca GCSettings, npeyHa3HaaeHHoro ToabKO 
yaa 'ncmia: 

using System; 

using System.Runtime; // GCSettings HaxoanTcn b stom npocTpaHCTBe niMeH 
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public static class Program { 
public static void Main() { 

Console.WriteLine( 

"Application is running with server GC=" + GCSettings.IsServerGC); 

} 

} 

KpoMe AByx ochobhmx peacHMOB, y y6opmiiKa Mycopa cymecTByeT hb a nonpeacHMa: 
napajuiejibHbiH (Hcnojib3yeMbiH no y mo./i' lai iri 10 ) h HenapajiJiejibHbui. B napajuiejibHOM 
peacHMe y y6opmiiKa Mycopa ecTb nonojiHiiTejibHbiii cjiOHOBbiii noTOK, BbinojmniomHH 
noMeTKy o6beKTOB bo lipe.vtH pa6oTbi ii|)ii./io>KcmiM. Korna noTOK pa3MemaeT b na.viM- 
th o6beKT, Bbi3biBaiomiiH npeBbimeHiie nopora ana noKO./icmiH 0, yoopmn k cnanajia 
npnocTaHaBJiiiBaeT Bee noTOKii, a 3aTeM onpenejineT noKonemm, b kotophx HyacHO 
BbinojiHiiTb y6opKy Mycopa. Ecjih y6opmiiK /iojilkci i co6paTb Mycop b noKOJieHHH 0 
hjih 1, oh pa6oTaeT KaK oSmhho, ho ecji ii HyacHO co6paTb Mycop b noKOJieHHH 2, pa3- 
Mep noKOJieHHH 0 yiscLinuniiacTCM Bbirne noporoBoro, mto6i>i pa3MecTHTb hobmh o6bCKT, 
a 3aTeM HcnojmeHiie noTOKOB npiuioaceHtra isosooiion. iMCTca. 

IIoKa pa6oTaiOT noTOKii npiuioaceHtiH, O'pvlcl i t>ii i>i ii noTOK y6opmiiKa c HopMajibHbiM 
npnopHTeTOM HaxonHT bcc HenocTynHbie o6beKTbi b (jioiiobo.vi poKH.vic. Ilocjie Toro 
KaK o6beKTbi oy/tyr ooiiapyaccm.i, y6opmiiK npiiocTaHaBjniBaeT Bee noTOKii h pernaeT, 
HyacHO jih necjiparMeHTHpoBaTb naMHTb. Ecjiii oh npiiHiiMaeT noaoacHTejibHoe pemeHiie, 
naMMTb /(ecjiparMeHTHpyeTCH, ccbuiKii KopHeii iicnpaBjuiiOTCH, a HcnojiHeraie noTOKOB 
npi-uioaceHiiH bo.3o6iiob. ; ihctch — TaKaa y6opKa Mycopa o6mhho iipoxo/inx 6bicTpee, 
TaK KaK ncpcKMib HenocTynHbix o6beKTOB coa/pieTca 3apaHee. O/oiaico y6opmiiK mo- 
aceT OTKa3aTbca ot ;i,c())pai'Mcmaii,iin naMHTH, hto, Ha caMOM ;i,cjic, npc/i.iio'i'i ii'ic. iijiicc. 
Ecjih cbo6oahoh naMHTH MHoro, y6opmiiK He CTaHeT necjiparMeHTHpoBaTb Kyny — sto 
noBbimaeT OPJCTpo/tciicTmie, ho y iscjiu'pii iiacx paoo'iiiii Ha6op npiuioaceHiiH. npn6eraH 
k napajuiejibHofi y6opKe Mycopa, npiuioaceHiie o6mhho pacxonyeT 6ojibine naMHTH, neM 
npn HenapajuiejibHofi y6opKe. 

MoatHO 3anpeTiiTb CLR ncnojib30BaTb peaciiM napajuiejibHOii y6opKii Mycopa, 
C03/i,aB KOHtjHirypaiiHOHHbiH (jjafiji npiuioaceHiiH, conepacamiiii ajieMeHT gcConcurrent 
(cm. rjiaBbi 2 h 3). Bot npirnep TaKoro cjiafuia: 

<configuration> 

<runtime> 

cgcConcurrent enabled="false"/> 

</runtime> 

</configuration> 

Xoth icoii(})iii'ypaii,ii m GC-peacHMa He MoaceT 6biTb H3MeHeHa no aaiicpiiieiniM npo- 
u,ecca, npujioaceHHe MoaceT KOHTpojinpoBaTb y6opKy Mycopa npn noMomu CBOHCTBa 
GCLatencyMode KJiacca GCSettings. 3TOMy CBoiicTBy MoryT npiiCBaiiBaTbCH jiio6bie 
3HaHeHiia H3 iicpcpiicjieiiiia GCLatencyMode. BapnaHTbi nepeHHCJieHbi b Ta6ji. 21.1. 
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Ta 6 /uiLia 21.1.SHanem/in, onpeflenem-ibie b nepeHi/icneHMH GCLatencyMode 


3HaneHMe 

OnucaHue 

Batch (no yMOJinamno hc- 
nojib3yeTca rjw cepBepHO- 
ro peaaiMa) 

OTKjnonaeT napajuiejibHyio ydopxy Mycopa 

Interactive (no yMOJinaHHio 
ncnoab3yeTCH jxjjh peaaiMa 
pa6onen CTamtira) 

BKjnonaeT napajuiejibHyio ydopxy Mycopa 

LowLatency 

B peaaiMe padoneii CTarrunn stot CKpbiTbiii peaaiM ncnojib- 
3yeTcn tsjiH KpaTKOBpeMeHHbix, KpuTiinHbix no BpeMeHn one- 
paipin (HanpuMep, ammanim), pj in kotophx ydopxa Mycopa 
b noKOJieHiiii 2 H3-3a CHHacemra npoii3BO®iTejibHOCTii MoaceT 
OKa3aTbcn HenpiieMjieMoii 

SustainedLow Latency 

Hcnoab3yeTCH rjih npeflOTBpamemin aojiriix nay3 ydopKH 
Mycopa bo BpeMH BbinojiHemiH npiuioacemiH. BaoKupyiomaH 
ydopxa Mycopa noKoaemia 2 3anpemaeTCH npn najinnwH cbo- 
6oflHoii naMHTH. IIo.iib30BaTejiH TaKHx npioioacemiH cKopee 
npeanoHTyT ycTaHOBHTb Ha KOMnbiOTepe .nonojiHHTejibHyio 
naMHTb, nTodbi H36eacaTb nay3. IIpuMep npioioaceHun TaKoro 
po.ua — npujioaceHHe pjsx ToproBjni Ha 6npace, KOTopoe aojiac- 
ho HeMeti,JieHHo peampoBaTb Ha H3MeHeHiie ijeHbi 


PeacHM LowLatency TpeSyeT/[,<>i io. i 11 iiic'.i i> 11 i>i x noHCHemiH. 06 p,i>iiio ero mcno'iaior 
AJiH peajiH3au;HH oricpauiiH, ana kotophx BaacHO is pc mm BbinojmeHHfl, a 3aTeM bo3- 
BpamaiOT peacHM Batch hjih Interactive. OflHaKO b peaaiMe LowLatency ydopmiiK 
Mycopa a,eHCTBHTejibHO o6xoaht BmiMaimc.vi noKa ieime 2, TaK KaK sto MoaceT aaiiMTi) 
MHoro BpeMeHii. Paay.viecTCH, ecjm bh Bbi30BeTe mcto/i GC.Collect(), noKaiemie 2 
Taicace OTiipaBi-iTCH b Mycop. To ace caMoe npoH3oii,a,eT, ecjm Windows «noacajiyeTCH» 
CLR Ha Hea,ocTaTOK chctcmhoh naMHTii (.otot Bonpoc o6cy>K/i,ajicai paHee b stoh raaBe). 

B peacHMe LowLatency npiMoacemie MoaceT BbiaaBaTb hckjppohctphc OutOfMemory- 
Exception. Cootbctctbchho, MoacHO nopeKOMeH/toBaTb is ic. pk pa i p> 3tot peacHM Ha MaK- 
ciiMajibHO KopoTKoe lipe.via, H36eraTb paa.MCineiiiiM b iia.MHTn mhooix o6'i>cktob, a TaKace 
dojibumx oobciciois h B03BpamaTbcn k peacHMaM Batch h Interactive npn iiomoiiiip 
odaacTH orpaHiineHHoro is i>i p io. pipc11 ipm (cm. iviaisy 20). TaKace noMHHTe, hto peacHM 
LowLatency HBJiaeTcn HacTpoiiKoii ypoBHH npoitecca h noTOKii MoryT 6biTb 3anymeHbi 
iiapa. : i.'ic.n>iio. 3th noTOKii MoryT ;i,aacc mcipmti, naiinyio HacTpoiiKy b npoitecce ee hc- 
nojib30BaHHH apyin.M noTOKOM. B 3tom cjiytae Bbi MoaceTe /lodaisHTb ooiiois. iaioinniica 
(Heroine (ynpaBaaeMbiii npn noMomu mctoaob Interlocked). Bot npimep KoppeKTHoro 
Hcnojib30BaHiia peacHMa LowLatency: 

private static void LowLatencyDemo() { 

GCLatencyMode oldMode = GCSettings.LatencyMode; 
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System.Runtime.CompilerServices.RuntimeHelpers.PrepareConstrainedRegions(); 
try { 

GCSettings.LatencyMode = GCLatencyMode.LowLatency; 

// 3flecb Bbino^HaeTCfl KOfl 

} 

finally { 

GCSettings.LatencyMode = oldMode; 

} 

} 

llporpaMMHoe ynpaB/iemie ySopmuKOM Mycopa 

Tim System.GC no3BOJuieT npiuioaceHino HanpHMyio ynpaBjiHTb y6opmiiKOM Mycopa. 
/Jjih Havana 3aMeuy, hto y3HaTb MaKCHMaubHoe noKOjiemie, no/mepaciiBaeMoe ynpaBJia- 
eMofi KV'K'ii, moacho, npoainaii aipaueime CBoiiCTBa GC.MaxGeneration. 3 to cbohctbo 
Bcerna B03BpamaeT 2. 

HTo6bi 3acTaBiiTb y6opmiiKa Mycopa npoBecTH y6opKy, cjie/iycT BM3BaTb mcto/p, 
Collect Kiiacca GC. IIpii Bbi30Be moacho yKa3aTb noKOJieHiie, b kotopom HyacHO Bbinoa- 
HiiTb y6opKy Mycopa, napaMeTp GCCollectionMode h aonraecKnii npii3HaK BbinojiHe- 
hhh 6jioKiipyiomeH (HenapajuiejibHOii) hjih (Jpohoboh (napajuiejibHOii) y6opicii Mycopa. 
CuraaTypa caMofi cjioacHofi neperpyaceHHofi BepcHH Collect isi.iivih/oit TaK: 

void Collect(Int32 generation, GCCollectionMode mode. Boolean blocking) 

Pa3JiHHHbie 3Haa;eHim napaMeTpa GCCollectionMode onucaHbi b Ta6ji. 21.2. 


Ta6jiMija 21.2. 3HaHeHMa napaMeTpa GCCollectionMode 


3HaneHMe 

OnucaHue 

Default 

AHanomuHo Bbi30By MeTona GC. Collect 6e3 cjjjiaroB. B HacTosmjee 
BpeMH aKBHBajieHTHO nepenaue napaMeTpa Forced, ho b cjienyiomHX 
BepCHHX CLR C.HTyaiJHH MOACeT H3MeHHTbCH 

Forced 

MHHijHHpyeT y6opKy Mycopa jxjir Bcex noKOJieHHH BiuioTb jxo yica- 
3aHHoro BaMH, BKjnonaa h caMO sto noKOJieHHe 

Optimized 

ydopKa Mycopa ocymecTBjweTCH TOJibKO npn ycnoBioi KauecTBeHHo- 
ro KOHeuHoro pe3yjn>TaTa, BbipaxcaioinerocH jih6o b ocBodoxc/teHim 
dojibinoro odbeMa naMsmi, jiii6o b yMeHbmeHHii (jrparMeHTaitini. 

B npoTiiBHOM cjiyuae BH30B MeToaa b stom peaame He naeT HHKaKo- 
ro scjrcjreKTa 


OSbPmo cjienyeT H36eraTb Bbi30Ba JiioSbix mcto/iob Collect: jiynnie He BMernii- 
BaTbCH b pa6oTy y6opmiiKa Mycopa h no3BOJiiiTb eMy caMOCTOHTeabHO HacTpaHBaTb no- 
poroBbie riiia'ieima jjjia noKOJiCHiiii, ocHOBbiBaacb Ha peajibHOM noBe/Lemm npiuioacemra. 
Oa,HaKO npn HanucaHHii npiuioAceHira c koiico.ii.iipjIm hjiii p ]);k})pi’icckpim iiiiTepcjieiico.vi 
ero koa <<BjiaAeeT» npoiieccoM h CLR b 3tom npou,ecce. B iio/i,o6iii>ix 11 [)ii. ioacci ppt jix 
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nopoH cjieayeT codupaTb Mycop nptiHyAHTeAbHO bo Bnojme onpe/i,ejieHHoe BpeMH. 3to 
moacho CACJiaTb npn noMomu MeTOAa GCCollectionMode b peaciiMe Optimized. PeaciiMbi 
Default h Forced odbmHO ncnojib3yiOT aah otahakh h TecTHpoBamiH. 

Hanpimep, HMeeT cmmca Bbi 3 biBaTb mctoa Collect, ecjiH TOJibKO tio npoH 3 onuio 
HeKoe pa30Boe co 6 bmie, KOTopoe npiiBejio k yHi-mToaceHino MHoacecTBa CTapbix o 6 beKTOB. 
BbI30B Collect B TaKOH CHTyapHH O'K'llb KCTaTH, MC/l,b OCHOBaHHbie Ha npOIHJIOM OnbITe 
nporH03bi y 6 opmiiKa Mycopa, CKopee Bcero, /yia pa30Bbix co 6 biTiiii OKaacyTCH HeTOHHbiMii. 
Hanpimep, b npHjioaceHHH HMeeT cmmcji BbinojiHHTb npiiHyAHTejibHyio y 6 opKy Mycopa 
bo Bcex noKOJieHHHx nocjie HHiiLtiiajiH3au,HH iipii.TO>Kcmia iijhi coxpaHeHiin nojib30Ba- 
TejieM cjoafijia c ,i,aiiiii,iMii. Konja Ha Be 6 -CTpaHim,e paa.viemaeTCH ajie.viem yiipaixMcmia 
Windows Form, normaa ydopKa Mycopa BbinoAHHeTCH npii KaacAoii Bbirpy3Ke CTpaHHUbi. 
Fie HyacHO ispyniyio Bbi 3 biBaTb mctoa Collect, hto6m coKpaTHTb BpeMH OTKjniKa npn- 
jioateHHa; Bbi3biBaiiTe ero, hto6m yMeHbimiTb paoo'iuii Ha 6 op npou,ecca. 

B HeKOTopbix npnaoaceHHHx (oco 6 eHHO 3to KacaeTca cepBepHbix npH/ioacemrii, xpaHH- 
mnx b naMHTii MHoacecTBO o 6 beKTOB) BpeMH Ha noaHyio y 6 opKy Mycopa (ao BToporo noKO- 
jieHHH) OKa3biBaeTCH caiiihkom 6 oabmiiM. Ba iee Toro, ecjiH y 6 opKa Mycopa ajihtch caiiih- 
komaoato, MoaceT3aBepmriTbCHBpeMHOHCimamiH kahchtckhx 3anpocoB. l [to6i>i H36eacaTb 
no/i,o 6 Hbix CHTyan,HH, b Kjiacce GC HMeeTCH mctoa RegisterForFullGCNotlfication. 
C ero noMommo h npn HcnoAb30BaHini /[.orio. rirn re. imiinx BcnoMoraTejibHbix mctoaois 
(WaitForFullGCApproach, WaltForFullGCComplete h CancelFullGCNotification) 
MoacHO onoBecTHTb npHjioaceHiie o tom, tio yoopmmc Mycopa 6jih30k k BbinoAHeHtno 
nojiHoii ydopKii. B pe3yjibTaTe npimoaceHiie CMoaceT Bbi3BaTb mctoa GC.Collect /yin 
npiiHy/i,HTejibHOH ydoprai Mycopa b 6 ojiee i ioaxoah 11 ice BpeMH hjih CBnaceTCH c apyni.viu 
cepBepaMH, hto6m ./i viiiic pacnpeAeAHTb KjraeHTCKHe 3anpocbi. /],onojiHHTejibHyio hh- 
cjropManmo 06 3thx mcto/pix bm MoaceTe iiaii i u b /lOKVMcmaniiii Ha .NET Framework 
SDK. HMeirre b bit Ay, hto mctoam WaitForFullGCApproach h WaitForFullGCComplete 
liccr/ta Bbi3biBaiOTCH BMecTe, TaK KaK CLR o 6 pa 6 aTbmaeT hx nonapHO. 

MoHMTopuHr ncno/ib30BaHHfl naMATM npnjio>KeHneM 

CymecTByiOT mctoam, KOTopbie MoacHO Bbi3BaTb aah Hadjno/ieHHH 3a padoToii ydopmiiKa 
Mycopa b npopecce. TaK, cjic/tyioiuue ciai iriecKTie mctoai,i KJiacca GC Bbi3biBaiOTCH a, jih 
BbiHCHeHiiH Hiicjia onepauiiii y6opKii Mycopa b kohkpcthom noKOJieHHH hjih aa h o6beMa 
naMHTH, 3aHHToro b .uimibiii momcht ooiiCKTaMu b ynpaBJiHCMofi kv'ic. 

Int32 CollectionCount(Int32 generation); 

Int64 GetTotalMemory(Boolean forceFullCollection); 

L [ TOO 111 BbinojiHHTb 11 ])()<))I1.1 IT ])() llfll [ 11C KOHKpeTHOrO 6jIOKa KOAa, H 'taCTO liCTail.lHIO 
a,o h nocjie Hero koa, Bbi3biBaiomHH 3th mctoam, a 3aTeM bbi'wcahto pa3HOCTb. 3to no- 
3BOAHCT MHe C VAUTb O TOM, KaK 3TOT 6jIOK If0/l.a CKa3bIBaeTCH Ha paoo'ie.M Ilaoopc npo- 
n,ecca, h y3HaTb, CKOAbKO onepannii ydopKii Mycopa npoii3omjio npn HcnojiHeHHH 3Toro 
6/iOKa KO/i,a. Ecjih noKa3aTejm bmcokiic, 3HaHHT, HyacHO nopadoTaTb HaA onTHMH3an,HeH 
ajiropriTMa b o/iokc koaa. 
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i\lo'/Kiio 'laiOKC y3HaTb, CKOjibKO naMHTH pacxoaycTca OTaejibHbiM aomchom npn- 
jioateHHH. O tom, KaK 3to cacaaTb, bm yaiiacTC b mane 22. 

B xoae ycTaHOBKii .NET Framework ycTaiiaii./iiiisaeTca 'laiOKe Ha6op ciei'niKois 
npoii3BO/i,HTejibHOCTH, KOTopwe no3BOJuiiOT codupaTb b peajibHOM BpeMemi CaMbie 
pa3HOo6pa3Hbie C'lai iicniMCCKTie aamibie o CLR. 3th aamibie Moamo npocMaTpriBaTb 
c noMombio yTHjiHTbi PerfMon.exe hjih CHcreMHoro MOHiiTopa H3 cocTaBa Windows. 
Ilpome Bcero nojiynHTb aocTyn k CHCTeMHOMy MOHHTopy, 3anycTHB yTHjiHTy PerfMon. 
exe h me. iKiivb Ha kfioiikc + naiie.;in HHCTpyMCHTOB; Haaicpane iiohh.imctcm /uuuioroboe 
okho Add Counters, noKa3aHHoe Ha puc. 21.12. 






Puc. 21.12. CneTHi/iKn naMSTu .NET CLR b OKHe PerfMon.exe 


/(a a MOHHTopriHra ydoprai Mycopa b CLR isbioepurc odbcicr npoii3BO/i,HTejibHOCTH 
.NET CLR Memory, 3aTeM yKaacriTe b cnucKe HyacHoe npimoaceHiie. B 3aBepmeHiie bh- 
6epHTe Ha6op cictmhkob /pin MOHHTopriHra, meaKHHTe Ha ktioiikc Add, 3aTeM — Ha 
KHonxe OK. Tenepb CHCTeMHbiii mohiitop oyacr b peajibHOM BpeMeHii CTporiTb rpacjniK 
BbidpaHHoro ciai HCTU'iecieom iioKa.3aTe.;iH. Troon y3HaTb, 'no oana'iaer cmctmiik, bh- 
aejiHTe ero h ycTaHOBHTe (JtJiaacoK Show Description. 

Em,e oahh 3aMenaTejibHMH HHCTpyMeHT aari aHaaima ncnojib30BaHHH naMHTii 
h 11 ])<)itsih)/[,htcji b 11 oct u 111 )h.tovkci iii h iiaabibaeTca PerfView. Oh ikksiso.imct codupaTb 
acypHajibi ETW (Event Tracing for Windows) h odpadaTbmaTb hx. Bbi .vioaccTe iiaihn 
ero b HHTepHeTe no CTpoxe noncKa «PerfView». HaKOHen,, Moamo BOcnojib30BaTbcn 
OTjiaaonHbiM pacmupemieM (SOS.dll), noMoraiomriM npn npodaeMax c naMHTbio h apy- 
rnx ripo6./ic.\iax CLR. 3to pacmupeHiie uo.'ibo. iacT y3HaTb, CKOjibKO iia.viHTu BbmejieHO 
juw npon,ecca b yiipaii. ; mcMoii Kyne, BbiBecTH Bee oo'beicrbi, 3aperncTpHpoBaHHbie jum 
cj)HHajiH3an,HH h noMemeHHbie b onepeab, npocMOTpeTb 3aniicn b Tadjinne GCHandle KaK 
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/i,./1 a ,'i.OMCiia npHjioateHHH, TaK u jiaa Bcero npoiiecca, npoBepiiTb KopHii, coxpana lomnc 
o6beKT B ICY’ PC aCHBbIM, h MHoroe Apyroe. 


OcBo6o>KAeHMe pecypcoe npi/i noMomu 
MexaHM3Ma 4>i/iHajii/i3auii/m 

HTaK, Mbi no3HaKOMHjiHCb c a3aMH y6opKH Mycopa h ynpaBjiaeMofi icyteii, a Taioi-cc tcm, 
KaK y6opmiiK Mycopa ociio6o/K;i,acT iia.viMTP) o6beKTa. K ctacTbio, dojibimiHCTBy thiiob 
’( J\A pa6oTbI '['pcoyc'ioi TOJIbKO lia.VIMTb, HO eCTb H THnbI, KOTOpbIM nOMHMO iia.viH'nt He- 
o6xo/i,HMbi CHCTeMHbie pecypcbi. 

HanpuMep, THny System.10.FileStream HyacHO OTKpbiTb <})aii./i (cHCTeMHbiii pe- 
cypc) h coxpaHiiTb ero necKpHnrop. 3aTeM npn noMomu oxoro /ycKpinnopa mctoah 
R ead h Write naHHoro rana pa6oTaiOT c cjiaruiOM. AHajioniHHO, ran System. Threading. 
Mutex OTKpbIBaeT MblOTCKC, HBJIHIOmiliiCH o6bCKTOM H/ipa Windows (CHCTeMHblH pecypc), 
h coxpaHHeT ero necicpiinTop, KOTopwii iicnojib3yeT npii Bbi30Be mctoaob odneKTa Mutex. 

Ecjiii ran, ncnojib3yiomiiii ciiCTeMHbiii pecypc, 6ya,eT yroinToaceH b xo,a,e ydopnii My¬ 
copa, 3aHiiMaeMaa o6beKTOM naMara bcphctch b ynpaBJiaeMyio Kyny; oflHaico CHCTCMHbin 
pecypc, o kotopom ydopmiiKy Mycopa minero He H3Becrao, 6yn,eT noTepim. Pa3yMeeTca, 
3 to HeacejiaTejibHO, noaTOMy CLR no/taypaciiBaeT MexaHH3M ( pimcuiuaai^uu (finalization), 
no3BOJi5nomiiH o6beKTy BbinojimiTb KoppeKrayK) onncTKy, npeacae hcm y6opmmc Mycopa 
ocbo6oaht 3aHHTyio hm naMHTb. JIio6oh Tim, Hcnojib3yiomini CHCTeMHbiii pecypc (cjianji, 
ceTeBoe coe/pmemie, cokct, miiIOtckc h t. /p), hojdkch no/mepacHBaTb (jiiiiiacmoaiuiio. 
Kor/i,a CLR onpeaejiaeT, hto odbeKT CTaji HenocTynHbiM, eMy npenocTaBjiaeTca bo3mo»c- 
HOCTb BbinOJIHIITb (|)IIHajni3aUIIIO C OCBo6o5KfleHIieM BCCX 3aa,enCTBOBaHHbIX CHCTeMHbIX 
pecypcoB, nocjie nero odbeKT 6yneT B03BpameH b ynpaBjineMyio Kyny. 

Bceodmiiii 6a30Bbiii ic/iacc System. Object onpc;i,e. : mcT 3amHmeHHbiii BiipTyajibHbiii 
MeTOfl c HMeHeM Finalize. Koraa ydopmiiK Mycopa onpenejuieT, hto odbeKT no/yieacnT 
yHiinToaceHino, oh Bbi3biBaeT MeTOfl Finalize 3Toro odbeKTa (earn oh nepeonpe/tejieH). 
rpynna npoeKTiipoBmiiKOB C# H3 Microsoft nocmiTajia, hto MeTOA cjiiiHajiiiaartiin otjiii- 
naeTCH ot ocTajibHbix h TpedyeT cnerpiajibHoro CHHTaKciica b H3biKe nporpaMMiipoBamra 
(no aHajiormi c TeM, Kan b C# cneuiiajibHbrii ciiHTaKcuc ncnojib3yeTCH /pin onpenejicmiH 
KOHCTpyKTopa). IIo3TOMy jyisi onpe/i,ejieHiiH MeTOna t|)iiHajm3ari,HH b C# nepen hmchcm 
K aacca iiv'/kiio /tooaiuiTb 3HaK Tiuib/i,bi (~): 

internal sealed class SomeType { 

// MeTOfl <j)HHa/in3aunn 
~SomeType() { 

// Kofl MeTOfla (j)HHa/in3aunn 

} 

} 

CKOMnrumpoBaB 3 tot koh h npoBepire i[0.;iy'(cimyio c6opi<y c noMombio yrajiHTbi 
ILDasm.exe, bbi vm-ypnc, xro KOMnmiHTop C# BHec b Mcxa/uimibic 3Toro Monyjrsi 3amH- 
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meHHbiii MeTOA c HMeHeM Finalize. IIpri n.ayncHii h IL-KOAa MCTO/ia Finalize TaKate 
CTaHOBHTca hcho, tio koa b Teae MCi'O/ta renepiipycTca b 6jiok try, a bm 30 b .vicio/ta 

base. Finalize — b 6 jiok finally. 


BHMMAHME 

Pa3pa6oTHHKn c onbiTOM nporpaMMi/ipoBaHi/in Ha C++ 3aMemT, hto cneu.ua/ibHbin chh- 
TaKcnc, ncno/ib3yeMbin b C# a/ih onpeAe/ieHnn MeTOAa <t>nHa/in3au,nn, HanoMnHaeT 
cnHTaKcnc AecTpyKTopa C++. flencTBi/iTe/ibHO, b npeAbiAyutHx Bepcnnx cneuncJ/nKaunn 
C# 3tot MeTOA Ha3biBa/icsi AecTpyicropoM (destructor). OAHaKO mctoa <t>nHa/in3aAnn 
paboiaeT coBceM He TaK, xax HeynpaB/ineMbm AecTpyKTop C++, hto cbnBaeT c TO/ixy 
MHornx pa3pa6oTHHKOB, nepexoAnui,nx c OAHoro H3biKa Ha APyron. 

BeAa b tom, hto pa3pa6oTHHKn oluh6ohho no/iaraiOT, hto ncno/ib30BaHne cuHTaxcnca 
AOCTpyKTopa 03HanaeT b C# AeTepMi/iHnpoBaHHoe yHHHTO>xeHne obteicroB Tuna, xax 
3to nponcxoAnT b C++. Flo CLR He noAAep/KHBaeT AeTepMUHnpoBaHHoe yHHHTO>xeHne, 
nosTOMy C# He MOxteT npeAOCTaBMTb stot MexaHH3M. 


MeTOAbi Finalize libiaraiiaioiCH npn 3aBepmeHiiH y6opKii Mycopa ah a o6beKTOB, 
KOTopbie y6opmHK Mycopa onpeAeana /a/a y uuHToateHua. 3 to oana'iacr, 'no naMHTb 
takiix o6beKTOB hc MoaceT 6biTb ocBo6oacAeHa HeMeAaoHHO, noTOMy hto mctoa Finalize 

MO/KCT BbinOAHHTb KOA C 06 paiIl,eHIieM K 11 OHIO. TaK KaK (})lina.TH 3 HpyCMniii o6beKT 

AoaateH nepeacHTb y 6 opKy Mycopa, oh nepeBOAHTca b Apyroe noKoaeHHe, BcaeACTBiie 
nero TaKoii o 6 beKT atmicr HaMHoro Aoabine, hcm chcavct. Cirryau,ria He HAeaabHa b ot- 
HomeHHH iicuo.Tij.ionamia naMHTH, uo.'no.viy fj/rtnaAH.aanHH chcavct no B 03 MoatHOCTH 
H 36 eraTb. I lpo 6 .Te.via ycyry 6 aaeTca TeM, hto npri npeo 6 pa 30 BaHHH noKoaeHiia <)) niia- 
.Tri 3 iipycvnax ofrbcicmii bcc o 6 beKTbi, Ha KOTopbie ohii ccbiaaiOTca b cbohx iio.tmx, Toate 
npeo 6 pa 3 yiOTCH, noTOMy hto ohii aoh at iu.i npoAoaataTb cboc cymecTBOBaHiie. HTaK, 
c'rapaii'rccb no B 03 M 0 acH 0 CTH o 6 oirmcb 6 e 3 cosAaiiria (jinuaHuoupycMbix o 6 beKTOB 
c noAHMH ccbi.TOHiiom Tima. 

TaKate CJieAyeT yHHTbreaTb, hto pa 3 pa 6 oTHHK He 3 HaeT, b KaKoii ii,wemio momcut 
6 yAeT n i>i 11 o. ilieu MeTOA Finalize, h hc MoaceT ynpaBAHTb ero nbiiio. iuemiCM. MeTOAbi 
Finalize m.iiio. iiiMiorca npn nbiiio. ineimn y 6 opKii Mycopa, KOTopaa MoaceT npoH 3 oiiTH 
TorAa, KorAaBarne npiuioateHiie 3 anpociiT AonoHiu-ncHbuyio naMHTb. KpoMe Toro, CLR 
He AaeT irnitaiaix rapaHTHH OTiiocriTCHbiio nopaAKa Bbi 30 Ba mctoaob Finalize. HTaK, 
CJieAyeT H 36 eraTb HanucaHiiH mctoaob Finalize, o 6 pamaiomHxcH k /ipyrn.vi o 6 beKTaM, 
'in 11 i)i KOTopbix onpeAeaHiOT mctoa Finalize; MoateT 0 Ka 3 aTbca, hto iiochcauuc yate 
nponiAH (|)Hiia.TU 3 anii io. TeM He MeHee hhhto He MernaeT BaM o 6 pamaTbca k oicicm- 
naapaM 3 HanHMbix TiinoB hah oo'beina.M ccbi. iomibix thhob, He onpcACHHiomux mctoa 
Finalize. TaKate 6 yAbTe muiMa iejibiibi npii Bbi 30 Be c'ra'ni'ieciaix mctoaob, noTOMy hto 
3 th MeTOAbi MoryT o 6 pamaTbCH k o 6 beKTaM, yate npomeAHiHM cj/miajiiisaAiiio; noBeAeHiie 
CTaTHHecKoro MeTOAa CTaHOBHTca HenpeACKa 3 yeMbiM. 

J\jw Bbi30Ba MeTOAOB Finalize CLR ucuo.TbaycT cucuiia. ibiibiii BbicoKonpiiopiiTeT- 
Hbiii noTOK. TaKiiM o6pa30M npeAOTBpamaiOTCH CHTyan.nn B3aiiMH0ii 6 aokiipobkh, bo 3- 
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MoacHbie b o6braHbix ycjiOBirax 1 . Ecjih mctoa Finalize 6jiOKiipyeTCH (HanpiiMep, bxoaht 
b 6ecKOHenHbiH hhkji hjih 0/KM/i.acT o6beKTa, KOTopbni HiiKoraa He 6v/i,ct ocBo6oameH), 
cneuiiajibHbiii noTOK He CMoaceT Bbi3biBaTb Mero/ibi Finalize. /jaHHan ciTTvanna Kpaime 
i[C>ice.;iaTe. : iP)iia, noTOMy 'no npiuioaceraie He cmo>kct ocBo6o/i,HTb iia.viMTb, 3aHHMaeMyio 
(J)HHajiH3HpyeMbiMH o6beKTaMii. Ecjih mctoji Finalize BbmaeT Heo6pa6oTaHHoe iic- 
KJHOHeHiie, npoiiecc aaiicpmacTCM; nepexBaTHTb TaKoe mckjtiohcitwc HeB03MoacHO. 

KaK BHflHTe, ncnojib30BaHiie mcto/iob Finalize cisMa.ano c Mimro'inc.ieiiiibiMii 
oroBopKaMH h Tpe6yeT ana'ime.Tbnoii octopo»chocth ot paapaooT'tiiKa. 3 th MCTO/un 
ii|)e,iiia3iia i [( , m,[ uc k. i ion pt pcjip>iio p,jia ociiODOjicaenna CHCTeMHbix pecypcoB. l Ito6i>i 
ynpocTHTb hx Hcnojib30BaHHe, a pci<OMeii/i,yio no bo3mo»chocth o6oHTHCb 6e3 nepe- 
oippc/icjit‘11 ppm mcto/pi Finalize Kjiacca Object; bmccto otoio .ayiiiie Hcnojib30BaTb 
BcnoMoraTejibHbiH KJiacc H3 6 h6. ; iiiotckh FCL. 3tot Kjiacc iicpcoii|)c;i,c. : iac'i Object 
h BbinojiHueT pa/i, /p,o i p o. p i p pi ic. p p> i p ia x onepapHH, o kotophx 6vhct paccKa3aHO iio3>kc. 
Bbi mojkctc coa/urn, co6cTBeHHbie KJiaccbi, pi]) opi.3iu)/i,i i p>ic ot Hero h nacjieHyiomiie bcc 
B cnoMoraTejibHbie onepaiiiiii. 

Ecjih bh co.anacTe ynpaBjineMbiii Tim, Hcnojib3yiomHH CHCTeMHbiii pecypc, C03- 
naiiTe Kjiacc, npoH3BOflHbiH ot cneu,iiajibHoro 6a30Boro Kjiacca System. Runtime. 
InteropServices. SafeFIandle, KOTopbni n p>pp jij-i/p,pi p npinviepHO TaK (KOMMeHTapiiii 
b Ko^e MeTona moh): 

public abstract class SafeHandle : CriticalFinalizerObject, IDisposable { 

// 3to necKpunTop cucTeMHoro pecypca 
protected IntPtr handle; 

protected SafeHandle(IntPtr invalidHandleValue, Boolean ownsHandle) { 
this.handle = invalidHandleValue; 

// Ec/im 3HaMeHne ownsHandle paBHO true, to cincTeMHbiii pecypc 3aKpbiBaeTca 
// npn yHMHTO>KeHHM o6beKTa, npon3BOflHoro ot SafeHandle, 

// y6opmnKOM Mycopa 

} 

protected void SetHandle(IntPtr handle) { 
this.handle = handle; 

} 

// flBHoe ocBo6o>KfleHMe pecypca Bbino/iHfieTcfl Bbi30B0M MeTOfla Dispose 
public void DisposeQ { Dispose(true); } 

// 3flecb nofloilfleT CTaHflapTHaa pea/iMsaqMfl MeTOfla Dispose 
// HacTOBTe/ibHO He peKOMeHflyeTcs nepeonpene/iaTb stot MeTOfl! 
protected virtual void Dispose(Boolean disposing) { 

// B CTaHflapTHofi pea/iM3auMM apryMeHT, BbBbiBawmMM MeTOfl 
// Dispose, nrHopnpyeTCB 

// Ec/im pecypc y>Ke ocBo6o>KfleH, ynpaB/ieHMe B03BpamaeTCB KOfly 
// Ec/im 3HaneHMe ownsHandle paBHO false, ynpaB/ieHMe B03BpamaeTca 
// YcTaHOBKa <|)/iara, 03HaHawinero, hto btot pecypc 6bi/i ocBo6o>KfleH 


1 Bo3momcho, b 6yaymnx BepciiHX CLR hjih noBbimeHHH npoii3BonHTejibHOCTii 6ynyr iicnojib- 
30BaTBCH MHOJKeCTBeHHbie nOTOKH (j)HHaj[H3aiIHH. 
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// Bn3ob BupTya^bHoro MeTOfla ReleaseHandle 

// Bn3ob GC.SuppressFinalize(this), OTMeHRiomMM Bbi30B MeTOAa (|)MHaAM3aL4MM 
// Ecam 3HaMeHne ReleaseHandle paBHO true, ynpaBneHne B03BpamaeTca KOAy 
// Ec/im ynpaB/ieHne nepeflaHO b 3Ty TOHKy, 

// 3anycKaeTCfl ReleaseHandleFailed Managed Debugging Assistant (MDA) 

} 

// 3flecb noflxoAMT CTaHAapTHas peaAM3aMMfl MeTOAa <j)MHaAM3auMM 

// HacTOBTeAbHo He peKOMeHAyeTCR nepeonpeAeAHTb btot mbtoa! 

~SafeHandle() { Dispose(false); } 

// npon3BOAHbiM KAacc nepeonpeAeAaeT btot mctoa, 

// HTo6bi peaAM30BaTb koa ocBo6o)KAeHMB pecypca 
protected abstract Boolean ReleaseHandle(); 

public void SetHandleAsInvalidQ { 

// ycTaHOBxa <j)Aara, 03HaHaiomero, hto btot pecypc 6bm ocBo6o>KAeH 
// Bbi30B GC.SuppressFinalize(this), OTMeHBHDuiMM Bbi30B MeTOAa (|)MHaAM3aL4MM 

} 

public Boolean IsClosed { 
get { 

// B03BpameHMe fynara , nOKa3biBaK)mero, 6 na am pecypc ocBo6o>KAeH 

} 

} 

public abstract Boolean Islnvalid { 

// ripoM3BOAHbiM KAacc nepeonpeAeAseT sto cbomctbo 
// PeaAM3auMB AOA>KHa BepHyTb 3HaneHMe true, ecAM 3HaneHMe 
// AOCKpMnTopa He npeACTaBABeT pecypc (o6biHHO sto 3h3hmt, 

// hto AecxpMnTop paBeH 0 mam @1) 
get 

} 

// 3tm TpM MeTOAa MMeiOT OTHOiueHMe k 6e3onacHocTM m noAcneTy ccnaok 
// noApo6Hee o hmx paccKa3biBaeTca b KOHi/e btoto pa3AeAa 
public void DangerousAddRef(ref Boolean success) {...} 
public IntPtr DangerousGetHandle() {...} 
public void DangerousRelease() {...} 

} 

PaccMaTpiiBaa Kjiacc Saf eHandle, npeayie Bcero HyacHO OTMeTHTb, hto oh HacjienyeT 
ot Kiiacca CriticalFinalizerObject, onpenejieHHoro b npocrpaHCTBe h.vicii System. 
Runtime.ConstrainedExecution. 3 to rapaHTiipyeT «oco6oeo6pameHiie» co ctopohm 
CLR k 3TOMy KJiaccy h apyniM, iipoiiaiio/uiiii.vi ot Hero KjiaccaM. B 'lacniocTH, CLR Ha- 
HejIHeT 3TOT Kjiacc TpC.YIH HHTepeCHbIMH OCo6eHHOCTHMIi: 

□ IIpii nepBOM co3naHHH jiio6oro o6beKTa, npoii3Boa,Horo ot Tima Critical¬ 
FinalizerObject, CLR aBTOMaTHHecKii 3anycicaeT JIT-KOMnmiHTop, komhhot- 
pyiomiiH Bee MCTO/ibi ())iiiia, : ni3anii h b Hepapxroi iiacae/ioisamia. Komiih.imhhm 
3TI-IX mcto/iois nocne coa./iamia o6beKTa rapaHTiipyeT, hto CHCTeMHbie pecypcbi 
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OCB060AHTCH, KaK TOJIbKO o6beKT CTaHeT MyCOpOM. Be 3 IICMC/UIC'lllloii KO M FI IT JT >TT[ IT M 
mcto/ui 4 >HHajiH 3 au;HH MoaceT 0 Ka 3 aTbCH, tio pecypc 6 v;i,ct BbmeneH h ncnojib 30 BaH, 
ho He ocBodoayieH. ITpii iic/tocTaTKC naMHTH CLR mohcct He xBaTHTb naMHTH .yia 
KOMniiJiHH,iiii Mcro/ta <))iiila. i lh 11; b 3 tom cjiynae MC'io/i He 6 v/i,ct HcnojmeH, tio 
iipmse/tCT k yi'cti<e CHCTeMHbix pecypcoB. Taioice pecypcbi He 6yn,yT ocBodoayieHbi, 
ecjin icon b MeTO/ie <|)imajTH3aTi,HH conepacHT ccbuiKy Ha ran b npyrofi c6opKe, KOTopaa 
He 6buia o6iiapy>KCiia CLR. 

□ CLR Bbi3biBaeT mctoa <J)iiHajiii3anmi /pra ranoB, npoii3BO/iHbix ot CriticalFinalizer- 
Object, nocjie BM30Ba mctoaob 4)iiHajiii3aH,ini nan ranoB, Henpoii3Boa,Hbix ot 
C riticalFinalizerObject. Bjiaronapn STOMy KJiaccbi ynpaBjiaeMbix pecypcoB, 
hmcioiuhc MeTO/i, c|)iiHajiH3aH,HH, MoryT ycneniHO odpamaTbcn k o6beKTaM, npoii3- 
BO/iHbiM ot CriticalFinalizerObject, b hx mcto/pix <)) 111 la. rn,iar i,h 11 . TaK, mcto;i 
4)iiHajm3au,HH KJiacca FileStream .mohcct cdpociiTb /uimibie H3 6ycj)epa naMHTH Ha 
Ahck b nojiHofi yBepeHHOCTH, ti o ahckobmh ())aii.;i eme He 6bui 3aKpbiT. 

□ CLR Bbi3biBaeT mctoa (J)HHajiH3auHH fljia TiinoB, npoii3BO/iHbix ot CriticalFinalizer¬ 
Object, ecjin AOMeH npruioaceHiiH 6bui ariapniino 3aBepmeH ynpaBJiHiomriM npruio- 
>KCime.\i (HanpuMep, Microsoft SQL Server hjih Microsoft ASRNET). 3to rapanm- 
pyeT ocbo6o>k;i,ciiiic CHCTeMHbix pecypcoB nance b tom ciiynae, Korna ynpaBJiHiomee 
npiuioaceHiie dojibine He aoiiepacT padoTaiomeMy BHyTpri Hero ynpaBJiaeMOMy KO/ty. 

TaKHce cjieaycr oTMeraTb, tio KJiacc SafeFlandle hbjihctch a6cTpaKTHbiM: 11 pe/y 
nojiaraeTca, tio pa.'spaooT'in k coa/iyiCT Knacc, iipoii3no, : i,iiP>m ot SafeFlandle, KOTopbifi 
nepeonpeAejiHT .aainmucniibiH KOHCTpyKTop, a6cTpaKTHbiii MeTon ReleaseFlandle 
h a6cTpaKraoe cbohctbo Islnvalid mcto/ih aocryna get. 

B Windows ana onepaniiir c CHCTeMHbiMH pecypcaMii o6mtho iiciio. ib.'iyiOTCH %e- 
CKpimTopbi (32-pa3pa/],Hbie b 32-pa.3pM/i,iibix cncTeMax, Gl-pa.apa/uibie b Si-paapa/uibix 
CHcreMax). B Knacce SafeFlandle onpenenHeTCH a.aiunincimoc none IntPtr c hmciicm 
handle. BojibiniiHCTBO necKpunTopoB CMinaiOTCM 1 Kyi,efic i is ii ic‘./ii>i 1 bi m 11 npn paBeHCTBe 
hx 3iiancniia 0 hjih -1. IfpocrpaHCTBO hmch Microsoft .Win32. SafeFlandle s conepacHT 
eme oaiih BcnoMoraTejibHbiH KJiacc SafeHandleZeroOrMinusOnelsInvald Buna: 

public abstract class SafeHandleZeroOrMinusOnelsInvalid : SafeHandle { 

protected SafeHandleZeroOrMinusOneIsInvalid(Boolean ownsHandle) 

: base(IntPtr.Zero, ownsHandle) { 

} 

public override Boolean Islnvalid { 
get { 

if (base.handle == IntPtr.Zero) return true; 
if (base.handle == (IntPtr) (-1)) return true; 
return false; 

} 

} 

} 
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06paTHTe BHiiMaHHe, hto Kjiacc SafeHandleZeroOrMinusOnelsInvalid hbjih- 
eTca a6cTpaKTHbiM, noaTOMy Ha/1,0 coa/ia'i ij AonepHiiii K/iacc, KOTopbrii ncpconpc/ic- 
jiht 3amiiiu,eHHbm KOHCTpyKTop h a6cTpaKTHbiii MeTO/i, ReleaseHandle. Ha nuaT- 
<))0|)mc Microsoft .NET Framework ecTb HecKOJibKO OTKpbiTbix K/iaccoB, npoii3BOA- 
Hbix ot SafeHandleZeroOrMunusOnelsInvalid, b mic/ie KOTopbix SafeFileHandle, 
SafeRegistryHandle, SafeWaitHandle h SafeMemoryMappedViewHandle. A TaK 
Bbir/iHAHT K/iacc SafeFileHandle: 

public sealed class SafeFileHandle : SafeHandleZeroOrMinusOnelsInvalid { 
public SafeFileHandle(IntPtr preexistingHandle, Boolean ownsHandle) 

: base(ownsHandle) { 

base. SetHandle( preexist ingHandle); 

} 

protected override Boolean ReleaseHandle() { 

// C 006 lllMTb WindOWS, MTO CKCTeMHblii pecypc Hy>KHO 3aKpblTb 
return Win32Native.CloseHandle(base.handle); 

} 

} 

Knacc SafeWaitHandle pca.r h.jo naii cxoahmm o6pa30M. Eahiictbchtioh npii'iinioii 

AAH C03/iamT>T pa3HbIX KJiaCCOB C IIOXO/KHMH p C HA FT 3 a H FT ITMFT Mli.lHCTO-1 OOeCIICHClIHC 

6e3onacHOCTH thhob: komiih.ihtop He no3BO/iHT iicnojib30BaTb(fiaiF/ioBbiiFAecicpiinTop 
b KaHCCTise apryMeHTa MeTOAa, npiiHiiMaiorLiero ACCK'pinnop 6./10 icii])ois icn , h Hao6opoT. 
MeTO/i ReleaseHandle K/iacca SafeRegistryHandle Bbi3biBaeT Win32-4)yHKu,mo 
RegCloseKey. 

\ b, m io Ha njiaTcj)opMe .NET Framework OTcyTCTByiOT AonoAHHTeAbHbie K/iac- 
Cbi, cjiy>i(amiie o6ojiohkoh pa;uiirmiiix CHCTeMHbix pecypcoB, iianpii.wcp TaKiix, KaK 

SafeProcessHandle, SafeThreadHandle, SafeTokenHandle, SafeLibraryHandle (ero 
MeTO/i ReleaseHandle Bbi3biBan 6bi Win32-(^ymcuiiio FreeLibrary), SafeLocalAl- 
locHandle (ero mctoa ReleaseHandle Bbi3biBaji 6bi Win32-(J)yHKu,Hio LocalFree) 
h t. n. 

Bee 3th K/iaccbi (a Taicace HeKOTopbie /ipynie) ecTb b 6ii6jiHOTeKe FCL. OAnaico ohii 
He lipC/lOCTairiMIOTCM AAH OTKpbITOrO HCn0JIb30BaHIDI, HBJIHHCb BHyTpeHHIIMH KJiaCCaMH 
c6opoK, b KOTopbix ohii onpeAeAmoTcn. Microsoft He acfmiiTiipycT stii K/iaccbi, hto6m He 
BbinojiHHTb hx nojmoe TecTHpoBaHiie 11 He TpaTHTb ispc.vi 'a Ha hx /ioi(VMeiiTii|)()Bamie. 
Ecjih ace BaM r 1 ])fi/lctcfi c hhmh CTOJiKHyTbca, pei<OMeii,i,yio BOcnojib30BaTbCH yTH/iHToii 
ILDasm.exe hjih /ipyriiM IL-AeicoMmiAHTopoM, HTo6bi iiSB/ienb koa sthx K/iaccoB h iiHTe- 
rpiipoBaTb ero b hcxoahmh tckct nporpaMMbi. Bee stii K/iaccbi TpiiBiiajibHO peajiii3yiOTCH 
11 hx Hec/ioacHO HanucaTb caMOCTOHTe/ibHO. 

K/iaccbi, npoii3BOAHbie ot SafeHandle, 'fpca.iibi'iaiiiio nojie3Hbi — bc/u> ohii rapaH- 
TiipyiOT ocBo6oacAeHiie cucTeMHoro pecypca b xojxe y6opKii Mycopa. Ctoiit Ao6aBiiTb, 
hto y Tina SafeHandle ecTb eme Ane cjiyHKiiHOHajibHbie oco6eHHOCTH. Bo-nepBbix, 
KorAa npoii3BOAHbie ot Hero Timbi Hcnojib3yiOTCH b ciieHapiiax B3aiiMOA0HCTBHH 
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c HeynpaBjiHCMbiM koaom, hm rapaHTiipoBaH oco6mh nonxon co CTopoHbi CLR. Bot 
npuMep: 

using System; 

using System.Runtime.InteropServices; 
using Microsoft.Win32.SafeHandles; 

internal static class SomeType { 

[DllImport("Kernel32", CharSet=CharSet.Unicode, EntryPoint="CreateEvent")] 

// 3tot npoTOTun HeyCTOMMMB k c6obm 
private static extern IntPtr CreateEventBad( 

IntPtr pSecurityAttributes, Boolean manualReset, 

Boolean initialState, String name); 

// 3tot npoTOTkin yCTOWHUB k c6obm 

[DllImport("Kernel32", CharSet=CharSet.Unicode, EntryPoint="CreateEvent")] 
private static extern SafeWaitHandle CreateEventGood( 

IntPtr pSecurityAttributes, Boolean manualReset, 

Boolean initialState, String name); 

public static void SomeMethodQ { 

IntPtr handle = CreateEventBad(IntPtr.Zero, false, false, null); 

SafeWaitHandle swh = CreateEventGood(IntPtr.Zero, false, false, null); 

} 

} 

06paTHTe BHiiMamie, hto npoTOTim Mero/ia CreateEventBad B03BpamaeT IntPtr, to 
ecTb oh B03BpamaeT necicpiinTop b ynpaBJiaeMbiii icon. IIono6Horo pona B3aiiMon,eHCTBiiH 
c HeynpaBJiaeMbiM kohom HeycToiraiBbi k c6ohm. Ilocjie Bbi30Ba MCTona CreateEventBad 
(co3/i,aioiuem CHCTeMHbifi pecypc co6wthh) B03MoacHa CHTyapna, Korna hckjiiouchhc 
ThreadAbortException noaBJiaeToi no npucBoeHiia necicpiinTopa nepeMeHHoii handle. 
B TaKiix pe/ucnx cjiyaasix b ynpaBJiaeMOM none o6pa3yeTca yie'i ica chctcmhoto pecypca. 
H co6biTHe mo5kho 3aKpbiTb TOJibKO o/i,i him cnoco6oM — 3aBepmiiB npoiiecc. 

K.iacc SafeHandle ycTpaimer 3Ty noTeHiinajibHyio vtcukv pecypcoB. 06paTHTe 
BHHMaHHe, hto npoTOTim Merana CreateEventGood B03BpamaeT SafeWaitHandle, 
a He IntPtr. I Ipn Bbi30Be mcto/ui CreateEventGood CLR Bbi3biBaeT Win32-(})ymaui 10 
CreateEvent. Korna 3Ta 4>y mania B03BpamaeT ynpaBjieHiie ynpaBjiaeMOMy Kony, CLR 
«3HaeT», hto SafeWaitHandle HBJiaeTca npoH3Bon,HbiM ot SafeHandle. IIoaTOMy CLR 
aBTOMaTHnecKH co3naeT 3K3eMnjiap Kjiacea SafeWaitHandle, nepenaBaa eMy nojiyacHHoe 
ot MeTona CreateEvent 3HaHeHiienecKpunTopa. 06HOBjieHiie o6beKTa SafeWaitHandle 
h npucBoeHiie necKpHnTopa nponcxonaT b neyiipaii.iMCMOM icone, KOTopbifi He MoaceT 
6biTb npepBaH HCKJiiOHeHiieM ThreadAbortException. B pe3yjibTaTe b ynpaBJiaeMOM 
Kone He MoaceT B03HiiKHyTb yTeaKa stoto ciiCTeMHoro pecypca. A b iiTore o6beKT 
SafeWaitHandle ynajiaeTca y6opmincoM Mycopa h Bbi3biBaeTca ero mctoa (J)HHaiiH3aiiHH, 
o6ccncHHBaioni;HH ocBo6oacneHiie naMura. 

H HaKOHeu,, KJiaccbi, npoii3Boa,Hbie ot SafeHandle, rapaHTiipyiOT, hto hiikto He 
CMOaCeT B0Cn0JIb30BaTbCH B03M0aCHbIMH 6peHiaMH B CHCTeMe 6e30naCH0CTH. IIpo6jieMa 
b tom, hto oniiH H3 noTOKOB MoaceT nonbiTaTbCH ncnojib30BaTb CHCTeMHbifi pecypc, ocbo- 
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fio/K/iae.vi i>i ii /tpyni.vi noTOKOM. 3 to iia.sbiisacTCM ai aicoii c noBTopHbiM iicnojib30BaHiieM 
ACCKpunTopoB. Kjiacc SafeHandle npe/i,OTBpamaeT sto Hapymemie 6e3onacHOCTii 6aaro- 
aapa noACTCTy ccbuioK. B HeM onpeaeneHO 3aKpbiToe none, ncnojiHHiomee pojib cneTHiiKa. 
Kor/ia npoH3BOflHOMy ot SafeHandle o6beKTy npucBaiiBaeTor KoppeKTHbiii aecKpunTop, 
cneTHHK npupaBHHBaeTCH k 1. Bchkiih pa3, icoiyia npoii3Boa,HbiH ot SafeHandle o6beKT 
iiepe/tacTCM KaK apry.viem' i[cyiipaii. ; meMO.viy MCTO/iy, CLR amoMaTiiaecKii yuc./r h> inpsaei 
3HaneHiie cneTniiKa Ha c/iinnniy. Koraa HeynpaBjiaeMbifi MeTOA B03BpamaeT ynpaBjieHiie 
ynpaBjiaeMOMy ico/iy, CLR yMeHbmaeT anaaeime oici'niica Ha Ty ace iie.iii'iiiny. Hanpu- 
Mep, bot KaK BbirjiHAHT npoTOTHn \V r in32-())yniaiiin SetEvent: 

[DllImport("Kernel32"j ExactSpelling=true)] 

private static extern Boolean SetEvent(SafeWaitHandle swh); 

IIpn Bbi30Be 3 toto .viCTO/ia h iicpe/pa'ie eMy ccbijiKH Hao6beKT SafeWaltHandle CLR 
yBejiHHiiBaeT .iiia'ieiiitc oieT'iiiica nepen bh30bom h yMeHbmaeT .siia'ieiiiic oier'iinca 
cpa3y nocae Bbi30Ba. Pa.ay.viecTCH, onepanniT co C'ict'piiko.yi isiiIiio. iiimiotcm cnoco6oM, 
6e3onacHbiM no OTHomemiio k noTOKaM. KaK 3 to noBbimaeT 6e3onacHOCTb? Ecjiii apyroft 
noTOK nonbiTaeTCH ocBo6o/i,iiTb CHCTeMHbiii pecypc, o6ojiohkoh KOToporo HBJiaeTCH 06b- 
eKT SafeHandle, CLR y3HaeT, 'no sto eMy He pa3pemeHO, noTOMy 'no .yamipjiii pecypc 
Hcnojib3yeTCH iicyiipaii.iHe.Yioii 4>yHKu;iieH. Koiyia (jn'ipicmia BepHeT ynpaBnemie npo- 
rpaMMe, .sna'peniie cict'iii ica oy/icr npupaBHeHO k 0 h pecypc ocbo6oahtch. 

LIpi-i HamicaHiii-i hjih BH30Be ico/pa, pa6oTaiom,ero c ,/iccicpn in opo.vi (HanpiiMep, 
IntPtn), k HeMy mo;scho oopaTinbca H3 o6beKTa SafeHandle, ho iio/icpct ccbuioK npn- 
fleTca BbinojiHHTb hbho c noMOHtbio mcto/iob DangerousAddRef h DangerousRelease 
o6beKTa SafeHandle. Ofipaineime k iicxo/ino.Yiy /iccicpiiiiTopy ii|)Oiicxo/pi-n' 'iepe.3 yicto/i 
D angerousGetHandle. 

Hejib3H He ynoMHHyTb o Knacce CniticalHandle, TaKace onpenejieHHOM b npo- 
CTpaHCTBe HMeH System. Runtime. InteropServices. Oh pa6oTaeT tohho TaK ace, 
KaK h SafeHandle, ho He iio/iypcpaciiiiacT iio/icpct ccbuioK. B CriticalHandle h npo- 
H3Boa,Hbix ot Hero KJiaccax 6e3onacHOCTb npimeceHa b acepTBy noBbimeHiiio npoH3BO- 
AHTeabHOCTH (3a cneT OTKa3a ot chcthukob). KaK h y SafeHandle, y CriticalHandle 
ecTb a,B a npori3BO/i,Hbix THna — CriticalHandleMinusOnels Invalid h CriticalHand 
leZeroOrMinusOnelsInvalid. TaK KaK Microsoft OT/paeT npeanonTeHiie 6e3onacHOCTH, 

a He npOII3BO/lHTejIbHOCTH CHCTeMbI, B 6H6jIHOTeKe KJiaCCOB HeT THnOB, npoH3Boa- 

Hbix ot 3thx a,Byx KJiaccoB. Hcnojib3yHTe ranbi, npoii3Boa,Hbie ot CriticalHandle, 
TOJibKO icor/ia BbicoKaa npoii3Boa,HTeyibHOCTb neooxo/pu.Yia h opi|);iu/i,PjI nac p HCKOTopoe 
ocyiad/KTiiie aaimn bi. 


Tunbi, ncno/ib3ytOLMne CHCTeMHbie pecypcbi 

HTaK, Tenepb bbi 3HaeTe, KaK onpeaejuiTb npoii3Boa,Hbiii ot SafeHandle Kjiacc, 
ii ii k a n c y a n p y 10 1 n n ii cHCTCMiibiH pecypc. /(aBaHTe nocMOTpHM, KaK pa3pa6oTHiiKii 
Hcnojib3yiOT noyi,o6Hbie THnbi. HanHeM c 6oaee pacnpocTpaHeHHoro KJiacca System. 
10. FileStream. Kaacc FileStream no3BoaaeT OTKpbiTb cjiaiia, nponHTaTb H3 Hero 
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h 3anncaTb b Hero 6aHTbi, a 3aTeM 3aKpbiTb ero. IIpii C03AaiiHH o6beKTa FileStream 
Bbi3biBaeTca Win32-cjjyHKLtim CreateFile, B03BpamaeMbni ACCKpimTop coxpaHaeTCH 
b o6beKTe SafeFileFlandle, a ccbijiica Ha otot o6beKT coxpaHneTcn KaK 3aKpbiToe 
nojie b o6beKTe FileStream. Knacc FileStneam TaiOKe noAAepaciiBaeT pjiA AonoA- 
HHTejibHbix CBOiicTB (Hanpimep, Length, Position, CanRead) h mctoaob (Read, 
Write, Flush). 

/(onycTHM, HaM TpeSyeTCH koa, KOTopbi ii co3AaeT ispe.Yieimbiii <|)aii. : i, 3aniicbiBaeT 
b Hero 6aHTbi, nocjic aero yAaAJieT (jiaii.M. /(ah na'iajia paccMOTpHM Taicon BapnaHT: 

using System; 
using System.10; 

public static class Program { 
public static void Main() { 

// Co3flaHne 6ailTOB ana 3anincu bo BpeMeHHbiii § ai\n 
Byte[] bytesToWrite = new Byte[] { 1, 2, 3, A, 5 }; 

// Co3flaHne BpeMeHHoro patina 

FileStream fs = new FileStream("Temp.dat" J FileMode.Create); 

// 3anncb 6aFiTOB bo BpeMeHHbiii 4>ai1/i 
fs.Write(bytesToWrite, 0 , bytesToWrite.Length); 

// Yaa/ieHne BpeMeHHoro patina 

File.Delete("Temp.dat"); // TeHepupyeTca MCK/imMeHne IOException 

} 

} 

K coacajieHiiio, ecAii CKOMnoHOBaTb h 3anycTHTb 3 tot koa, pa6oTaTb oh, CKopee Bcero, 
He 6yAeT. /[cao b tom, mto bm30b CTaTiraecKoro MeTOAa Delete oobeicra File aacTHBAHCT 
Windows yAaAHTb OTKpbiTbiii cjiaiiA, noaTOMy mctoa Delete reHepupyeT hckjiiohchhc 
S ystem. 10. IOException c taki-im coo6meHiieM (nponecc He MoaceT o6paTHTbcn k 4)aiiAy 
Temp.dat, noTOMy hto oh ncnoAb3yeTCH ApyrriM npon,eccoM): 

The process cannot access the file "Temp.dat" because it is being used by 
another process 

OAHaKO b HeKOTopbix c.ayaatix (jiaii.a Bee ace yAajiaeTCJi! Ecah Apyroii noTOK iiiihuh- 
upoBaA ydopKy Mycopa MeacAy Bbi30BaMii mctoaob Write n Delete, noae Saf eFileFlandle 
oobcicra FileStream Bbi3biBaeT cboh mctoa c))ii i iiaar lh h, KOTopbiii 3aKpbiBaeT (jiaii.'i 
h pa3pemaeT BbinoAHHTbcn MeTOAy Delete. Oahako BepojrmocTb AaHHoii CHTyapHH 
KpaiiHe .viatia, noaTOMy b 99 cjiyianx H3 100 npiiBeAeHHbin koa padoTaTb He 6yAeT. 

KAaccbi, iioaiio.iaiomue noAb30BaTeAio ynpaBAHTb acH3HeHHbiM iliikaom HHKancy- 
AiipoBaHHbix CHCTeMHbix pecypcoB, peaAH3yiOT nmepijieiic IDisposable, KOTopbiii 
BbirAHAHT TaK: 

public interface IDisposable { 
void DisposeQ; 

} 
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BHMMAHME 

Ecjim K/iacc onpeAe/iaeT none Ti/ina, pea/iM3yioiAero narrepH dispose, caM K/iacc Toxe 
AO/ixeH pea/in30BaTb 3 tot narrepH. MeTOA Dispose AoaxeH yHMHTOxaTb oObeicr, Ha 
KOTopbiti ccbmaeTCs none. 3 to no3BonnT nonb30BaTenio K/iacca Bbi3BaTb abb Hero Dis¬ 
pose, hto b CBOio onepeAb npHBeAeT kocbo6oxa6hhio pecypcoB, ncnonb3yeMbixcaMHM 
oGteKTOM. 


K CAacTbio, K./iacc FileStream pean hhvct nnTcpijieiic IDisposable, a ero peajni3a- 
Uiih Bbi3biBaeT Dispose aah npHBaTHoro noAH SafeFileHandle o6beKTa FileStneam. 
Tenepb mm mcoiccm H3MeHiiTb cboh koa TaK, hto6m (jia ii./i hbho aaKpbiisa.ncM b HyacHbiii 
MOMeHT (BMecTO Toro, hto6m AOJKHAaTbCfl y6opKn Mycopa KorAa-Hii6yAb b 6yAymeM). 
H3MeHeHHbiii hcxoahmh koa bi.iivimaht TaK: 

using System; 
using System.10; 

public static class Program { 
public static void Main() { 

// Co3AaHue 6aiiTOB a/ih 3anncn bo BpeMeHHbiPi tjjaiiyi 
Byte[] bytesToWrite = new Byte[] { 1 , 2 , 3 , 4 , 5 }; 

// Co3flaHue BpeMeHHoro fyai\na 

FileStream fs = new FileStream("Temp.dat" J FileMode.Create); 

// 3anncb 6aFiTOB bo BpeMeHHbifi cjjafi/i 
fs.Write(bytesToWrite., 0, bytesToWrite.Length); 

// BBHoe 3aKpbune (jjaiina nocne 3anncn 
fs.Dispose(); 

// y^a/ieHne BpeMeHHoro fyawna 

File.Delete("Temp.dat"); // Tenepb 3Ta MHCTpyKLpia 

// Bcerfla ocTaeTcs pa6oTOcnoco6Ho(i 

} 

} 


Tenepb npn Bbi30Be MeTOAa Delete o6beKTa File Windows bhaht, wio cj)aiiA He 
OTKpbiT, n ycnenmo VAanncT ero. 

Y'ithtc, hto rapairmpoBHimoc ocBodoacAemie cncTeMHbixpecypcoB bo3moacho ii oca 
Bbi30Ba Dispose. PaHO iiah no3AHO oho Bee paBHO 6yAeT BbinoAHeHo; bm30b Dispose 
no3BOAneT BaM ynpaBAHTb TeM, KorAa oto iipoiiaoiiACT. KpoMe Toro, bm30b Dispose He 
y/ia.tacT ynpaBAaeMbiii coreicr h3 ynpaBAaeMOH Kyaii. EAHHCTBeHHbiii cnocod ocbo- 
6oACAeHHH naMHTii b ynpaBAHeMoii icyne — yoopra Mycopa. 3to oana'iacr, hto .vieTO/oa 
ynpaB./iMe.vioro odbeKTa MoryT isbiabiisaibCM Aaace nocAe ocBo6o>K/i,eima Bcex cncTeMHbix 
pecypcoB, KOTopbie hm mo ran iiciio. ib.ioiiai boi. 

CAeAyromHii koa Bbi3biBaeT MeTOA Write nocAe aaicpbn m a dpavuia h iibnacioi ao- 
nncaTb b cjaaiiA HecKOAbKO 6a ii to is. Paay.MeeTOi, HOBbie 6aftTbi 3amicaHbi He 6yAyT, 
a npn BbinoAHeHiiH KOAa BTopoii bm30b MeTOAa Write BbmaeT ncicno'iemic System. 
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ObjectDisposedException co CjieayiomiiM coo6meHiieM (iict /tocTyna k 3aKpbiTOMy 
cj)aHJiy): 

message: Cannot access a closed file, 
using System; 
using System.10; 

public static class Program { 
public static void Main() { 

// Co3AaHue 6afiTOB aas 3annicu bo BpeMeHHbiii <|)aMA 
Byte[] bytesToWrite = new Byte[] { 1 , 2 , 3, 4, 5 }; 

// Co3AaHue BpeMeHHoro §ai\na 

FileStream fs = new FileStream("Temp.dat" J FileMode.Create); 

// 3anucb 6aiiTOB bo BpeMeHHbiii cfiafi/i 
fs.Write(bytesToWrite, 0 , bytesToWrite.Length); 

// flBHoe 3aKpbiTne (JjaPi/ia nocae 3anncnt 
fs.Dispose(); 

// rionbiTKa 3anncn b 4>ati/i nocAe 3aKpbiTns 
fs.Write(bytesToWrite, 0 , bytesToWrite. Length); // McKAioHeHine 
ObjectDisposedException 

// YAaAeHue BpeMeHHoro ^>ai\na 
File.Delete("Temp.dat"); 

} 

} 

B naHHOM caynae co/tepaciiMoe na.viMTu He noBpeac/taeTCfl, TaK KaK o6nacTb, Bbi/tejieH- 
naa /yia0(Ti>eiCTa FileStream, BeeemecynpecTByeT; npocTO nocae hbhoto oci:ofio>Kacima 
o6beKT He mo>kct ycneniHO BbinojfflHTb cboii MeTO/tbi. 

BHMMAHME 

OnpeAeaaa cobcTBeHHbiM Tun, peaaM3yiOLAMM MHTepcpeMC IDisposable, obn3aTeabHO 
CAeaaMTe Tax, HTobbi Bee MeTOAbi m CBOMCTBa b caynae abhom ohmctkm obteicra reHepw- 
poBaau MCKaioneHne System.ObjectDisposedException. ripn noBTopHbix Bbi30BaxMeTOflbi 
Dispose HWKorfla He AoaxHbi BbiAaBaTb HCKaponeHLie ObjectDisposedException — ohm 
AonxHbi npocto B03BpaLuaTb ynpaBaeHMe. 


BHMMAHME 

HacTOHTe/ibHO peKOMeHAyio b obmeM caynae OTKa3aTbcn ot npMMeHeHMn MeTOAOB 
Dispose. ybopiAMK Mycopa m3 CLR AOCTaTOHHO xopomo HanMcaH, m nycTb oh AeaaeT 
CBOK3 paboTy caM. Oh onpeAeaneT, xorAa obteicr boaee HeAOCTyneH KOAy npMaoxeHMn, 
m ToabKO TorAayHMHTOxaeT ero. Bbi3biBan mgtoa Dispose, KOAnpMaoxeHMn cpaKTwnecKM 
3anBaneT, hto caM «3HaeT», xorAa obbeicr CTaHOBMTcn HeHyxcHbiM npMaoxeHMio. Ho 3a- 
Hactyio npMaoxeHMe He Moxet AOCTOBepHO cyAMTb ob 3tom. 
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flonycTMM, y Bac ecib koa, co3Aahomnti HOBbM o6beKT. CcbuiKa Ha 3tot obtexT nepeAa- 
eTca APyroMy MeTOAy, KOTopbiM coxpaHneT ee b nepeMeHHoPi b hgkotopom BHyTpeHHeM 
none (to ecib b xopHe), ho Bbi3biBaioiAHM MeTOA HwxorAa 06 otom He y3HaeT. Kohchho 
xe, oh Moxei Bbi3biBaTb MeTOA Dispose, ho ec/in xaxoH-TO koa nonbiTaeTca obpaTMTbcn 
k 3T0My o6beKTy, 6yAeT BbiAaHO ncK/iiOHeHne ObjectDisposedException. 51 pexoMeHAyio 
Bbi3biBaTb MeTOAbi Dispose TO/ibKO t3m , rAe moxho tohho CKa3aTb, hto noTpebyeTca 
OHMCTKa pecypca <Kax b c/iynae c nonbiTxoi/i yAa/ieHnH OTxpbiToro (patina). 

KpoMe Toro, HecKO/ibKO noTOKOB MoryT OAHOBpeMeHHO Bbi3BaTb Dispose f\nn oahoto 
obbexTa. B pexoMeHAapHnx npoexTnpoBaHnn yxa3aH0, hto mctoa Dispose He o6si3aH 
6biTb 6e3onacHbiM no OTHOLueHHKj x noTOxaM. fle/io b tom, hto koa AO/ixeH Bbi3biBaTb 
Dispose To/ibxo b tom c/iynae, ec/iw oh TBepAO yBepeH, hto obtexT He ncnonb3yeTCH 
APyrHMM noTOxaMH. 


IIpHBeACHHbie npHMepbl KOAa AeMOHCTpupyiOT MCTO/PI K V HBHOTO BbI30Ba MCTO/ta 
Dispose. Ecjih bbi peirouiii BOcnojib30BaTbca hbhbim bm30bom, HacTOHTeAbHO pei<o.\ieii- 
Ayio noMecTHTb ero b 6jiok o6pa6oTKH iickviio'iemiii finally, TaK KaK sto rapanrapyeT 
ncnojiHeHHe KOAa ohhctkh. CooTBeTCTBeHHO koa h. 3 npeAbiAymero npiiMepa .tvhiiic 
neperaicaTb TaK: 

using System; 
using System.10; 

public static class Program { 
public static void Main() { 

// Co3AaHne 6aPtTOB a/is 3anncn bo BpeMeHHbiii 4>aPi/i 
Byte[] bytesToWrite = new Byte[] { 1 , 2 , 3, 4 , 5 }; 

// Co3flaHne BpeMeHHoro fyanna 

FileStream fs = new FileStream("Temp.dat" J FileMode.Create); 
try { 

// 3anncb 6aFiTOB bo BpeMeHHbifi 
fs.Write(bytesToWritej 0, bytesToWrite.Length); 

} 

finally { 

// flBHoe 3axpbiTne (jjaii/ia noc/ie 3anncn 
if (fs != null) 
fs.Dispose(); 

} 

// y^a/ieHne BpeMeHHoro fyai\na 
File.Delete("Temp.dat"); 

} 

} 

3Aecb xopoino 6biAO 6w Ao6aBiiTb koa Aah o6pa6oTKii hckaiohciihh — He noAerarrecb 
3 to CAeAaTb. K CHacn.io, b C# ecTb niicipyk'Hiia using, iipe/LTaraiomaa ynpomeHHbrii 
ciiHTaKCHC reHepau,Hii KOAa, hacfii hmfioio noKa3aHHOMy. Bot KaK moacho neperaicaTb 
npeAbiAymnii koa c noMombio stoh HHCTpyKiirai: 
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using System; 
using System.10; 

public static class Program { 
public static void Main() { 

// Co3flaHue 6afiTOB fl/ia 3anncn bo BpeMeHHbifi <j)aii n 
Byte[] bytesToWrite = new Byte[] { 1, 2, 3, 4, 5 }; 

// Co3flaHne BpeMeHHoro patina 

using (FileStream fs = new FileStream("Temp.dat" J FileMode.Create)) { 

// 3anncb 6afiTOB bo BpeMeHHbiii 4>a hn 
fs.WritefbytesToWrite, <d, bytesToWrite. Length); 

} 

// Yfla/ieHne BpeMeHHoro fyatina 
File.Delete("Temp.dat"); 

} 

} 

Hhctpykiihh using HHimiiajmsiipyeT o6 - beKT h coxpaimcT b nepeMCHHofi ccbuiKy 
Ha Hero. Ilocjie otolo k otoh nepeMeHHOii mojkho oopamaTbca H3 KO/pa, pacnonoaceH- 
Horo B CKo6Kax B HHCTpyKPHH using, npn KOMnHJIHPHH OTOLO Kona aBTOMa'I UMCCKTl 
coaaaiOTCM 6 jiokii try h finally. BHyTpb 6jioKa finally tcoMniuiHTop noMemaeT koa, 
BbinojiHjnoHLiiH [i))ii ipct/lci I lie* Tuna o6beKTa k HHTepcjieHcy IDisposable, h Bbi3biBaeT 
MCToa Dispose. 11 ci io, 'no komiiii.tmtop no3BOJuieT iicnojib30BaTb HHCTpyKiiiiio using 
TOJibKO c THnaMH, b KOTopbix peajiH30BaH uiiTcpcIiciic IDisposable. 

nPMMEMAHME 

MHCTpyKpna using n3biKa C# no3BO/iaeT nHwu,nann3npoBaTb HecKO/ibKO nepeivieHHbix 
OAHoro Tuna wan ncno/ib30BaTb nepeMeHHyio, nHnu,naan3npoBaHHyio paHee. 3a Aonon- 
HnTeabHoPi nHcpopMaunePi no stow TeMe oSpamanTecb k pa3Aeny «Using statements” 
b cnpaBOHHtiKe C# Programmer’s Reference. 


MHTepecHbie acneKTbi 3aBiicMMOCTeu 

Tun System. 10. FileStream no3BOJiaeT nojib30BaTejno OTKpbiTb cjraiiji aah htciihh 
h 3anHCH. JXjih iioisbimemia Obic'ipo/iciicT iina peajiH3au,HH THna .aa/iCMcnsycT 6ycjrep 
b naMHTH. CoAepacHMoe 6ycjiepa copacbinacTCM b (Jtaibi TOJibKO nocjie ero aauo./meima. 
Tim FileStream no/tflepacHBaeT TOJibKO aaiincb 6aiiTOB — .yiM 3aniiCH chmbojiob hjih 
CT poK TpeSyeTca Tim System. 10. StreamWriter, KaK noKa3aHO b cjie/tyiomeM npuMepe: 

FileStream fs = new FileStreamCDataFile.dat", FileMode.Create); 

StreamWriter sw = new StreamWriter(fs); 
sw.Write("Hi there"); 

// C/ieflyramnfi Bbi30B MeTOfla Dispose o6ri3aTeaeH 
sw.Dispose(); 
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// nPUMEHAHME. MeTOA StreamWriter.Dispose 3aKpwBaeT o6beKT FileStream 
// BpyMHyio 3aKpbiBaTb o6beKT FileStream He Hy>KHO 

06paTHTe BHHMaHHe: KOHCTpyKTop StreamWriter npimiiMaeT b KanecTBe napaMeTpa 
ccbuiKy Ha o6 r beKT Stream, TeM caMbiM iio.tho./imh iiepc/tai b KaK napaMeTp ccbuiKy Ha 
o6beKT FileStream. BHyTpeHHirii koa o6beKTa StreamWriter coxpaHneT ccbuiKy Ha 
o6beKT Stream. IIpn 3anncH b o6beKT StreamWriter oh BbinojiHHeT BHyTpeHHioio 6y- 
4>epH3aLpno AaHHbix b CBoii 6ycj)ep b naMHTH. Ilocjie sano/memra 6ycf)epa StreamWriter 
3anHCbiBaeT AaHHbie b Stream. 

I loc.ic 3araiCH AaHHbix Hepe3 ookckt Bina ryWrite r c/iCAycx Bbi3BaTb mctoa Dispose 
(TaK KaK b Time StreamWriter pea/iH30BaH iiHTepcjieiic IDisposable, ero moacho iicno/ib- 
30BaTb c iiiiCTpyKnueii using fi.jfjIk;i C#). Bm30b aacTaisjiacr BinaryWriter c6pociiTb 
AaHHbie b o6beKT Stream h 3aKpbiTb ero 1 . 

nPMMEHAHME 

BpyHHyio Bbi3biBaTb MeTOA Dispose a/ 13 oObeicra FileStream He o6fl3aTenbHo: BinaryWriter 
CAeaaeT 3 to caM. Ecnn xe stot MeTOA Bce-TaKn Bbi3BaH hbho, FileStream oSriapyxuT, hto 
onncTKa obteicra yxe Bbino/iFieFia, n Bbi3BaHHbin MetOA npocto BepHet ynpaB/ieHne. 


KaK Bbi AyMaeTe, hto 6buio 6bi, He 6yAb KOAa, hbho Bbi3biBaiomero mctoa Dispose? 
y6opmiiK MycopaOAHaacAbi npaBiuibHO oiipcACAii./i 6bi, hto sth o6beKTbi cra./in Myco- 
poM, h (jiiiiia.'msripoiia.'i hx. Ho oh He mo>kct rapaHTiipoBaTb oiipcACAemioii onepeA- 
hocth Bbi30Ba mctoaob (jiiiiia.xiioamiii. I lo.TTOMy ec/i h 06 'beicr FileStream 3aBepmiiTca 
nepBbiM, oh 3aKpoeT cj/aiiA. 3aTeM noc/ie (|)HHaAH3aitHH o6beKTa StreamWriter oh 
noiibnaciCM 3anncaTb AaHHbie b 3aKpbiTbiii cjiaiui, hto Bbi30BeT hckaiohcfihc. B to ate 
BpeMH, ecAH StreamWriter 3aBepmaeTCH nepBbiM, AaHHbie 6AaronoAynHO 3anncbiBa- 
iotch b (jiaiiji. 

KaK c 3TOii npo 6 AeMoii cnpaBHAHCb b Microsoft? 3acTaBiiTb y 6 opmiiK Mycopa 
cjiiiHaAH3HpoBaTb o 6 beKTbi b 01 ipcAC/iei i 1 lo.vt nopnAKe iic.ib.aa, TaK KaK o 6 beKTbi MoryT 
coAepacaTb ccwakh Apyr Ha Apyra, h TorAa y 6 opmnK He cmo>kct onpe/avuri b npaTWAb- 
Hyio onepeAHOCTb hx (jiiiiia./inaanriri. B Microsoft iiam./m bmxoa: Tim StreamWriter He 
noA/tepaciiBaeT ())iiiia/in.3annio, no.3TO.viy stot Tim He mo>kct c 6 pociiTb AaHHbie H3 CBoero 
6 ycjiepa b 6a30Bbiii o6be kt FileStream. TaKiiM o6pa30M, ec./in bm 3 a 6 bi. u 1 BpyHHyio 3a- 
KpbiTb o 6 beKT StreamWriter, AaHHbie rapaHTiipoBaHHO 6 yAyT noTepuHbi. B Microsoft 
CHiiTaiOT, hto pa3pa6oTHHKii He CMoryT He 3aMeTHTb 3T0ii noirrojAilonieiicM noTepii 
AaHHbIX II IICnpaBHT KOA, BCTaBIIB HBHblii BbI30B Dispose. 


1 3to noBeAeHiie momcho nepeonpeAe/oiTb bh30bom KOHCTpyKTopa StreamWriter, nojiyHaiomiiM 
jiorHHecKiiii napaMeTp leave Open. 
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nPMMEHAHME 

B .NET Framework noAAep>xnBaiOTCH ynpaBJineMbie pacwnpeHnfl OTJiaAxn (Managed 
Debugging Assistants, MDA). Korfla ohh BKniOHeHbi, .NET Framework Bbino/iHneT noncx 
HeKOTopbix pacnpocTpaHeHHbix ownbox b nporpaMMax n 3anycKaeT cooTBeTCTBytomui/i 
OT/iaAHMK. B OTnaAHMKe Bee 3to BbimnAHT xax reHepnpoBaHue MCK/noneHun. MDAyivie- 
eT onpeAe/inTb CMTyapun, xorAa obtexT StreamWriter yAaneH ybopuj,nxoM Mycopa ao 
CBoero 3aKpbiTnn. HTobbi Bx/nonnTb ashhum ynpaB/iaeMbm OT/iaAHnx b Visual Studio, 
OTKporiTe npoexT n Bbibeprue b Memo KOMaHAy Debug ► Exceptions. B AnanoroBOM 
OKHe Exceptions pacxpoPiTe y3en Managed Debugging Assistants, npoKpyTUTe CTpa- 
Hnu,y bhm3 ao a/ieMema StreamWriterBufferedDataLost n ycTaHOBi/ue cpnaacox Thrown, 
HTobbi 3acTaBi/iTb OT/iaAHMK Visual Studio ocTaHaBJWBaTbca npn xa>xAon noTepe AaHHbix 
obtexia StreamWriter. 


Apyrue bo3mo>khoctii y6opLum<a Mycopa ajih pa6oTbi 
c cncTeMHbiMn pecypcaMM 

HHOiyia CHCTeMHbift pecypc Tpe6yeT mhoto naMHTH, a ynpaBjiaeMMiT o6beKT, hb- 
ahjoiahhch ero «o6epTKOH», 3aHiiMaeT oneHb Majio naMHTH. Han6ojiee TimimHbifi 
npriMep — pacTpoBoe naoSpaaccmic. Oho MoaceT 3aHHMaTb nee ko.imco \i<‘ia6a htob 
CHCT eMHOH naMHTH, a ynpaBJIHeMblH o6beKT \10>KC'r 6bITb O'K.ilb He6oJIbniIIM, TaK KaK 
coAepatHT TOJibKO 4- hjih 8-6aiiTOBoe 3HaneHiie. C tohkii 3peHHH CLR ao ydopKii 
Mycopanpou,ecc MoaceT BbiAeAHTb cothh pacTpoBbix naodpaaccmiii (KOTopbie 3aiiMyT 
m3ao ynpaBAHeMOH naMHTH). OAnaico ecjni npou,ecc \ 1 amn 1 vvmpyer MHoacecTBOM H30- 
6pa>KCmiii, pacxoAOBaHiie naMHTH npou,eccoM namier pacTH c orpoMHoii CKopocTbio. 
JXji h HcnpaBJiemiH CHTyarpin b iciacce GC npeAycMOTpeHbi ABa CTaTiineciaix MeTOAa 
cocAVioiuoro BHAa: 

public static void AddMemoryPressure(Int64 bytesAllocated); 
public static void RemoveMemoryPressure(Int64 bytesAllocated); 

3th MeTOAbi pcicovieiiAyercH ncnojib30BaTb b KAaccax, b kotophx 3aAeiicTBOBaHbi 
noTemiHajibHO dojibinne CHCTeMHbie pecypcbi, hto6m coodmaTb y6opmnKy Mycopa o pe- 
anbHOM o6beMe 3aHHTofi naMHTH. CaM y6opmHK cjicaht 3 a othm noKa3aTCAeM, h KorAa 
oh CTaHOBHTCH 6ojibmHM, 1 uni u 1 lacrca y6opKa Mycopa. 

06neM HeKOTopbix CHCTeMHbix pecypcoB orpaHimeH. PaHbrne b Windows pa3pe- 
majiocb co3AaBaTb bccto nHTb kohtckctob ycTponcTBa. Taioice orpaHHHHBajiocb auc./io 
(jiaiiaois, OTKpbiBaeMbix iipri./ionccmievi. OnHTb ace, c tohkh 3pemiH CLR, ao yoopicn 
Mycopa nponpcc MoaceT BbmeAHTb naMHTb aah cotch o6beKTOB (Tpe6yiomHx via./io naMH¬ 
TH). O/uiaico npn icoauaecnseimoM orpaHuncnuu Ha iipiiMeneiiue ManniHHbix pecypcoB 
nonbiTKa 3aAeHCTBOBaTb hx oo.ibmc, aevi pa3pemeHO, 061a a no npiiBOAHT k iioan./ioiiu 10 
HCKAIOneHHH. 

J\jm TaKHx CHTyapHH b npocTpaHCTBe hmch System. Runtime. InteropServices 
npeAycMOTpeH KJiacc HandleCollector: 

public sealed class HandleCollector { 

public HandleCollector(String name, Int32 initialThreshold); 
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public HandleCollector( 

String name, Int32 initialThreshold, Int32 maximumThreshold); 
public void Add(); 
public void Remove(); 

public Int32 Count { get; } 
public Int32 InitialThreshold { get; } 
public Int32 MaximumThreshold { get; } 
public String Name { get; } 

} 

B KJiacce, mh.ihioiucmcm o6epTKofi CHCTeMHoro pecypca c Ko.TiiMCCTTsciim.iM orpa- 
HHHCIIHCM, CJie/iyeT HCIIO.Tb.'iOliaTP) OK3CMII.TMJ) .9TOIO KJiaCCa RJIH IICpC/ta'HI y6opmHKy 
Mycopa iiH(|)opMaiiTiiT o tom, CKOJibKO pea.ibiio aa/tciicTBOiiaim 3K3eMnjiHpoB ::)■[()ro pe¬ 
cypca. BHyTpeHHiiii koa KJiacca noAAepatHBaeT cmct'ihk aanaTbix 3K3eMiurapoB, h Kor^a 
.iiia'ieiinc oci 'iiiKa CTaimnnTCM 6ojibmiiM, ii|)ohcxo;i,ht y6opKa Mycopa. 

nPMMEHAHME 

Koa MeTOAOB GC.AddMemoryPressure m HandleCollector.Add Bbi3biBaeT GC.Collect atih 
3anycKay6opiAMKa Mycopa ao AOCTuxeHna noKO/ieHneM 0 CBoero npeAena. 06bNHO Ha- 
CToaTe/ibHO He peKOMeHAyeTca npHHyAme/ibHO Bbi3biBaTby6opiAm< Mycopa, noTOMy hto 
3to OTpmtaTeabHO CKa3biBaeTca Ha npoM3BOAmejibHOCTM npn/ioxeHna. OAHaKO Bbi30B 
3 thx MeTOAOB b Kjiaccaxnpn3BaHo6ecneHMTbAOCTyn npwioxeHMs k orpaHtmeHHOMy HMcny 
cticTeMHbix pecypcoB. Ec/im CMCTeMHbix pecypcoB OKaxeTca HeAOCTaTOHHO, npon3otiAeT 
c6om npmioxeHMH. fl /10 6oabLUMHCTBa npi/iao>KeHMM aynme padoTaTb MeA-neHHee, neM He 
padoTaTb Boo6iAe. 


CjieAyKJIAHH KOA HAAIOCTpHpyeT HCn0Ab30BaHHe H pe3yAbTaT pa 60 TbI MeTOAOB 
cacaTHH naMHTii h KAacca HandleCollector: 

using System; 

using System.Runtime.InteropServices; 

public static class Program { 
public static void MainQ { 

MemoryPressureDemo(0); // 0 Bbi3biBaeT HenacTyK) y6opxy Mycopa 
MemoryPressureDemo(10 * 1024 * 1024); // 10 M6aPiT BbBbiBamT nacTyio 

// y6opxy Mycopa 


HandleCollectorDemo(); 

} 

private static void MemoryPressureDemo(Int32 size) { 

Console. WriteLineQ; 

Console.WriteLine("MemoryPressureDemo, size={0}", size); 

// Co3flaHue Ha6opa o6beKTOB c yxa3aHneM nx aornnecKoro pa3Mepa 
for (Int32 count = 0; count < 15; count++) { 
new BigNativeResource(size); 

} 


npodojiwemie & 
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// B fleMOHCTpaUMOHHblX peAflX OMMUiaeM Bee 
GC.CollectQ; 

} 

private sealed class BigNativeResource { 
private Int32 m_size; 

public BigNativeResource(Int32 size) { 
m_size = size; 

// nycTb y6opmnK ayMaeT, hto o6beKT 3aHMMaeT 6oAbwe naMflTM 
if (m_size > @) GC.AddMemoryPressure(m_size); 

Console.WriteLine("BigNativeResource create.; 

} 

~BigNativeResource() { 

// nycTb y6opmnx ayMaeT, hto o6beKT ocbo6oama 6onbiue naMATM 
if (m_size > @) GC.RemoveMemoryPressure(m_size); 

Console.WriteLine("BigNativeResource destroy."); 

} 

} 

private static void HandleCollectorDemo() { 

Console. WriteLineQ; 

Console.WriteLine("HandleCollectorDemo"); 

for (Int32 count = 0; count < 10; count++) new LimitedResource(); 

// B fleMOHCTpaunoHHbix pe/iflx OHMinaeM Bee 
GC.Collect(); 

} 

private sealed class LimitedResource { 

// Co3flaeM o6teKT HandleCollector m nepeaaeM eMy yxasaHne 
// nepeiiTM k onMCTKe, kotas b xyne noBBUTcs ABa mam 6oAee 
// o6beKTa LimitedResource 
private static HandleCollector s_hc = 

new HandleCollector("LimitedResource", 2); 

public LimitedResourceQ { 

// Coo6ujaeM HandleCollector, hto b xyny Ao6aBAeH eme 
// oamh o6beKT LimitedResource 
s_hc.Add(); 

Console.WriteLine("LimitedResource create. Count={0}", s_hc.Count); 

} 

~LimitedResource() { 

// Coo6ujaeM HandleCollector, hto oamh o6beKT LimitedResource 

// yAaneH M3 KyHM 

s_hc.Remove(); 

Console.WriteLine("LimitedResource destroy. Count={0}", s_hc.Count) 

} 

} 

} 
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Ilocjie KOMraiJiHumi n 3anycKa aroro Ko/ia pe3yjibraT 6ya,eT BbinumeTb npimepHO TaK: 

MemoryPressureDemo, size=@ 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

BigNativeResource destroy. 

MemoryPressureDemOj size=10485760 
BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource create. 

BigNativeResource destroy 
BigNativeResource destroy 
BigNativeResource destroy 
BigNativeResource destroy 
BigNativeResource destroy 
BigNativeResource create. 

BigNativeResource create. 

BigNativeResource destroy 
BigNativeResource destroy 


npodojiMenue # 
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BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 

BigNativeResource 


destroy. 

destroy. 

create. 

create. 

create. 

destroy. 

destroy. 

create. 

create. 

destroy. 

destroy. 

destroy. 

destroy. 


HandleCollectorDemo 
LimitedResource create. 
LimitedResource create. 
LimitedResource create. 
LimitedResource destroy. 
LimitedResource destroy. 
LimitedResource destroy. 
LimitedResource create. 
LimitedResource create. 
LimitedResource destroy. 
LimitedResource create. 
LimitedResource create. 
LimitedResource destroy. 
LimitedResource destroy. 
LimitedResource destroy. 
LimitedResource create. 
LimitedResource create. 
LimitedResource destroy. 
LimitedResource create. 
LimitedResource destroy. 
LimitedResource destroy. 


Count=l 

Count=2 

Count=3 

Count=3 

Count=2 

Count=l 

Count=l 

Count=2 

Count=2 

Count=2 

Count=3 

Count=3 

Count=2 

Count=l 

Count=l 

Count=2 

Count=2 

Count=2 

Count=l 

Count=@ 


BHyTpeHHnn pea/ui3auM5i cJ)HHajin3aunn 

Ha nepBbiH B 3 rjia/i, b (J)HHajiH3auHH HeT minero oco6eHHoro. Bbi co 3 ,a,aeTe o6beKT, a Kor/ia 
ero 110/1,611 pact y6opmiiK Mycopa, Bbi3biBaeTCH mcto/l (})inia.ni3ai 1,1111 otoio oobeina. Ho 
Ha caMOM /Lejie Bee mpaano cjioacHee. 

Kor/ia npmioaceHiie C03,a,aeT hobwh o6bCKT, onepaTop new Bbtae/meT /yia Hero naMHTb 
ii3 KyHH. Ecjiii b Time o6beKTa onpe/LejiCH mcto/l 4>HHajiii3aiiini, Henocpe/LCTBCHHO nepe/t 
Bbi30B0M KOHCTpyKTopa 9K3eMn/iHpa THna yKa3aTejib Ha o6beKT noMemaeTCH b chucok 
<puHajiU3cmuu (finalization list) — BHyTpeHHioio CTpyKTypy aaHHbix, Haxo/LHmyiocH no/L 
ynpaBJieHiieM y6opmiiica Mycopa. Kaac/Laa aaimci, . 910 to cnucKa yKa3biBaeT Ha o6beKT, 
/L : l 'A KOTOpOrO IIV/KTIO BbI3BaTb MeTO/L <:f)HIiajIH 3 aHHH, lipC>K/l,C 'ICM OCBo6o/LHTb aailMTVIO 


HM naMHTb. 
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Ha piic. 21.13 noKa3aHa Kyua c HecKOJibKHMir o6i>eKTaMH. Oahu aocthachmm h 3 
KopHeli ii|)ii./io>i(cmiM, Apyrne — HeT. I Ipii cos/iaimii oobcinois C, E, F, / v\ J CHCTCMa, 
o6i[apv>Knii b hx Tunax mctoah (jimia.Tii.'saioni, ;i,o6aiiii. : ia yKa3aTejm Ha 3 th o6 - beKTbi 
b craicoK ())i]iia./m.3aii,ii 11. 



CnwcoK c|)MHanM3aumi OnepeAb Ha <j>MHa™3auwio 


Pmc. 21.13. YnpaB/iaeiviaa xyaa c yKa3aTe/isMM b cnncxe 4)MHa/iM3au,MM 


nPMMEHAHME 

Xots b System.Object onpeAe/ieH mctoa cJ)HHaan3aLj,Mn, CLR ero nrHopupyei. To ecTb 
ec/in npn co3AaHnn 3K3eMnjispa Tuna mctoa <t>MHajiM3au,nn 3Toro Tuna yHac/ieAOBaH ot 
S ystem.Object, C03AaHHbM obteKT He camaeTca noAnexaiui/iM (J)MHa/iM3aAHM. MeTOA 
cJ)HHaTiM3aAHM obueicra Object AO/i>KeH nepeonpeAe/iaTbcs b oahom m npon3BOAHbixTnnoB. 

CHauana y6opimiK Mycopa oiipcyte-TMCT, tio o6beKTbi B,E, G,H, I h J — sto Mycop. 
yfiopmiiK CKaHiipyeT cimcoic cftHHaAHaanHH b noncKax yKaaa'ic.Tcii Ha 3 th o6beKTbi. 
Ofiiiapy'/KiiH yKaaaTC.Tij, oh ii;j n./re[caci ero H3 cnucKa (|)mia.Tiioamiii h AOOaii./niCT b KOHeu 
ouepedu na cpuHaJiU3au,wo (freachable queue) — eme oahoh BHyTpeHHeil CTpyKTypbi 
AaHHbixy6opmiiKaMycopa. KaacAbiiiyKa.aaTe.Tb b 3toh oacpeAH H/tcin iKjiiiniipyci'o6b- 
eKT, roTOBbifi k Bbi30By CBoero MeTOAa (timia./ubaaiuiii. Bha yiijiaii./mcMoii icy an iioc.tc 
y6opKii Mycopa noKa3aH Ha puc. 21.14. 

Ha pncyHKe biiaho, uto aaiun aM o6beKTaMH B, G h // naMHTb 6bma ociio6o>i</i,ciia, 
iiocico.TiiKy y hhx hct MeTOAa ())iiiia.Tii3auiHi. OAHaico naMHTb, aaiun yio o6beKTaMH E, I 
H J, OCBo6oAHTb HeAb3JI, TaK KaK HX MeTOAbI (J)HHaAH3aUHH CIUC He BbI3bIBauiICb. 

B CLR eCTb OCo 6 blii BblCOKOnpiIOpHTeTHblit nOTOK, BblAeAeHHblH AAH BbI30Ba yictoaofs 
(f)HHaAH3aUHH. Oh HyACeH AUH npeAOTBparueHIIH B03M0ACHMX npo 6 ueM CHHXpOHH3aUHH, 
KOTOpbie MOrjIII 6 bl B03HHKHyTb npil HCI[().TI)30Hamil1 BMeCTO Hero OAHOrO H3 nOTOKOB 
npruioAceHiia c 061)1 a 111)1 m npnopHTeTOM. npH nycTofi oaepcAH Ha(jimiaTibaaiuiio (sto ee 
oobianoe cocTOHHue) /uimibiii nOTOK 6e3AeHCTByeT. Ho KaK toabko b hch iioan./mio'ics-i 
SAeMeHTbl, OH aKTHBH3HpyeTCfl H IIOC.TC/l,OliaTC.Tbll<) yAaAHeT 3,iCM( , IITI)l H3 OUepeAH, 
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Bbi3biBaa cooTBeTCTByiomHe ,vt cto/p p>i 4>HHajiH3au;HH. Oco6eHHOCTH pa6oTbi ypamioi o 
noTOKa aaiipeiipaiOT HcnojiHHTb b mcto/pc (J)HHajiH3au:HH jiio6oh ko;p, mmcioiui-ih icaKne- 
jih6o aonymeHim o noTOKe, ncnojffla ioiucm ico/p. Hanpimep, b mcto/pc (jiiiippuiiiaaHiiii 
cjieayeT H36eraTb o6pameHim k jioKajibHoft naMHTH noTOKa. 



CnwcoK <t>MHann3aunM Onepeflb Ha 4)HHaan3aumo 

Pmc. 21.14. YnpaB/iaeMaa Kyna c yKa3aieaaMn, nepeiviepipeHHbiMM n3cnucKa 
(j3MHa/iM3aLi,nn b oaepeflb Ha ctM/iHaju/isaumo 

Bo3mo5kho, b 6y/i,ymeM, CLR 6yaeT no/p/iepacHBaTb MHoacecTBCHHbie noTOKii cjaiiHa- 
JIII3aUHII, II0.3T0MV CJIC/PVCT IPaOeiaTI, C03/paiIH!-T KO/pa, B KOTOpOM MCTO/PhP (f)HHajIH3aU;HH 
BbI3bIBaiOTCH IIOCJIC/pOBaiCjIbllO. IIpH HajIHHHH BCerO Jinnib O/P IPO 10 nOTOKa (jimia.'IH- 
3au,iiH MoryT B03HiiKHyTb npofijieMbi ii|:)()H3iio;pnTC. ; ii)iioc'm h MacniTa6npyeMOCTH 
b CHTyau,HH, icoiypacJ)niia./iii3iipycMi)ico6beKTbi paciipc/pcjia kptgjpp mok/pvH ecKOJibKiiMH 
npoipeccopaMH, ho Jirnub o/pim noTOK ncnojiHaeT mcto/pbi cj)iiHajiH3aH,HH — oh mo>kct 
npocTO He ycneTb. 

BaaHMO/pepic'i iiHC ciiiiCKa 4>HHanH3aip,HH h oaepc/pw Ha (jHiiia./iiiaaipiiio caMO no ce6e 
aa.vie'iaTC./ppaio, ho CHanajia a paccKaacy, iio'icmv ana 0'pepe/pi> nojiynujia cboc opiiniHajibHoe 
Ha3BaHiie. OneBiiflHO, 6yKBa «f» 03HanaeT <<finalization>>, to ecTb <<cf)HHajiii3aLpira>>: Kaac/p,aa 
3anncb b 0'icpc/pn — 3 to ccbuiKa Ha oo'bein b yiipaii. : iae.\ioii Kyie, /pan KOToporo /poa/iccii 
6biTb Bbi3BaH mcto/p cj)HHajiH3aH,HH. Biopaa 'tac'i b opiiniHajibHoro h vic 11 n, «reachable», 
o.'iiia'paci, hto 3th o6beKTbi /pociyimiii. To ecTb ee mojkho 6buio 6bi Ha3BaTb oaepe/ppao 
ccbuioK Hao6beKTbi,/pocpyimi.ie/pna <))iiiia./iii3aniiii, ho/ pna KpaTKOCTH mm 6y/pe.\i Ha3bi- 
BaTb ee onepe/pbio Ha <))ipi p;i. p pp.iaiipnio. 3iy O'lepe/pi) mojkho paccMaTpHBaTb h npocTO KaK 
KopeHb, im/pofmo ciai i'i'iccKiiM nojiHM, KOTopbie aii./iaioTca kophhmh. TaKiiM o6pa30M, 
iiaxo/pamiiiica b oaepe/pi-i Ha (Jimia./maaHiiio o6beKT /pocTyiieii h we aii/iae/ca MycopoM. 

Kopoae roBopa, ecrni o6beKT p ic/poc t y ipopp, y6opnpiiK cn-nacr ero MycopoM. /J,anee, 
Koiypa y6o|)imiic nepeMenpaeT ccbuiKy Ha o6beKT H3 ciiiiCKa <))pti[;i./i n.yuiipnn b oaepe/pi) Ha 
4)iiHajiH3aip,mo, o6beKT nepecTaeT cnuTaTbca MycopoM, a 3to oaiia'iacT, tio 3aHHTyio 
hm naMHTb o<'bo6o>K/pa'[ i) i[(‘. ii)3a. Ha stom aiaipc y6opnpHK 3aBepmaeT noncK Mycopa, 
h HeKOTopbie o6beKTbi, ip/peiPTHcbpiPiiipoiiPiiPiPiac KaK Mycop, nepecTaiOT cppp iai iiCa TaKO- 
BbiM — ohpi KaK 6 m eocKpecamm. 
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IIo Mepe MapKiipoBKii 0615610-08113 OHepe/pi apyrae o6beKTbi, Ha KOTopwe ccbuiaioTCH 
IIX nOJIH CCbUIOHHOro THna, TaiOKC pCKypCIIBHO IIOMC'iaiOTCM — Bee 3TH o6b6KTbI /1,0.;I>KI[ 111 
nepeaciiTb y6opKy Mycopa. Ha .-noii cxa/inn y6opmiiK Mycopa 3aBepmiui BhiHBjieHHe 
Mycopa, a HeKOTopbie o6beKTbi, OTHeceHHbie k Mycopy, 6bijiH BOCKpemeHbi. y6opmiiK 
Mycopa cstHMaeT ocBo6oac/i,eHHyio naMHTb, BOCKpemeHHbie o6beKTbi nepeBOAHTCH 
b 6ojiee CTapoe noKOJiemie, a oco6biii noTOK CLR 0 'tnmacx O'icpe/ib Ha <))iii[a. ; m3»annio, 
BbmOJIHHH MeTO/I, (})I11 13.111331 1,11 II flJIH Ka>K/|OI'0 o6beKTa IT 3 O'icpc/lll. 

Bbi 3 BaHHbiii CHOBa, y6opiu,iiK o6HapyaciiBaeT, hto c})iiHajiH 3 iipoBaHHbie o6beKTbi CTajin 
MyCOpOM, TaK KaK HH KOpHII lipiTTOHCCIIHH, HH OMCpCpb Ha (J)HHajIH 3 aH;HIO 6oJIbUie Ha HHX 
He yica 3 biBaiOT. naMHTb, aaiiM i axi othmh o6beKTaMii, nonpocTy ociiciooHi/iacTCxi, BaacHO 
nOHHTb, HTO /PIH OCBo6oaC/I,eHHH naMHTIl, 3 aHHTOH o6beKTaMIl, Tpe6yK>mHMII (J)HHajIH 3 a- 
Uini, y6opKy Mycopa iiy>Kiio BbinojiHiiTb /|iia>K;ii)i. Ha caMOM ;ic.;ic MoaceT noHa/i,o6HTbCH 
h oo.ibiiic onepaiiiiH y6opKii Mycopa, nocKOJibicy o6beKTbi iiepoxo/iax b cjic/iyioiucc no- 
KoaeHiie (ho 06 otom — 'iyxb no 3 ace). Ha puc. 21.15 noKa 3 aH bh/i ynpaBJiHeMOii kv'ih 
nocjie BTopoii y6opKii Mycopa. 
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CnwcoK Onepeflb Ha 4>nHanw3aL|Mio 

Pmc. 21.15. CocToaHne ynpaBJiaewiOM Kynn noc/ie BTopoFiy6opKn Mycopa 


MOHMTOpMHr M KOHTpOJIb BpeMeHU 
>KU3HU 06 l>eKT 0 B 

J\jih Kaac/i,oro AOMeHa npiuioaceHiin CLR no/mepaciiBaeT ma6jiuuy GC-decKpunmopoe 
( GC handle table), c noMombio KOTopoii npiuioacemie OTCJieaciiBaeT BpeMH acii3HH o6beioa 
hjih no3BoaH6T ynpan jimb iiM BpyHHyio. B MOMeHT co3/iaHiiH flOMeHa npiuioacemiH Ta6an- 
na nycTa. KaacAbiii ojicmciit Ta6jiim,bi coctoht 113 yKa3aTejiH Ha o6bCKT b ynpaBJiHeMOii 
icyic h (ji.iara, aa/iaiomero cnoco6 MOHiiTopiiHra iijih kohtpojih o6beKTa. I lpn.;iO/Kcmie 
;io6aii. ; i>icT b Ta6jiHH,y h y/i,a.TMCT 113 xaS.Tiiiibi o.TC.vieinbi c noMombio noica3aHHoro / puce 
rana System.Runtime.InteropServices.GCHandle. 
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// Tun onpeae/ifleTCH b npocTpaHCTBe hmgh System.Runtime.InteropServices 
public struct GCHandle { 

// CTaTHHecKne MeTOflbi, co3flaminne 3/ieMeHTbi Ta6^ML(bi 

public static GCHandle Alloc(object value); 

public static GCHandle Alloc(object value, GCHandleType type); 

// CTaTunecKne MeTOflbi, npeo6pa3yKmine GCHandle b IntPtr 
public static explicit operator IntPtr(GCHandle value); 
public static IntPtr ToIntPtr(GCHandle value); 

// CTaTunecKne MeTOflbi, npeo6pa3yKmine IntPtr b GCHandle 
public static explicit operator GCHandle(IntPtr value); 
public static GCHandle FromIntPtr(IntPtr value); 

// CTaTunecKne MeTOflbi, cpaBHUBammue ABa Tuna GCHandles 
public static Boolean operator —(GCHandle a, GCHandle b); 
public static Boolean operator !=(GCHandle a, GCHandle b); 

// 3K3eMn/iflpHbiM MeTOA, ocBo6o>KAaK)mi'iii 3/ieMeHT Ta6AML(bi (nHflexc paBeH 0) 
public void FreeQ; 

// 3K3eMnAspHoe cbomctbo, M3BAeKaK)mee/Ha3HaHaiomee 
// 3/ieMeHTa ccbinxy Ha o6bexT 
public object Target { get; set; } 

// 3K3eMn/iflpHoe cbohctbo, paBHoe true npw otahhhom ot 0 MHAexce 
public Boolean IsAllocated { get; } 

// Ana 3/ieMeHTOB c c|)/iaroM pinned B03BpamaeTca aapec o6beKTa 
public IntPtr AddrOfPinnedObject(); 

public override Int32 GetHashCode(); 
public override Boolean Equals(object o); 

} 


B CymHOCTH, HJIH KOHTpOJIH HJIH MOHIITOpiIHra BpeMCHII 3KH3HH o6bCKTa BbI3bIBaeTCH 
CTaTHHecKiiii mcto/i Alloc o6beKTa GCHandle, ncpc/iaiomiiH ccbuiKy Ha 3 tot o6beKT, h Tim 
GCHandleType, KOTopbiii npencTaBjiaeT co6ofi cjiiiar, 3a/iaioni,iTiT cnoco6 MOHiiTopimra/ 
KOHTpojiH o6beKTa. 11openlie.!ii mi>i ft Tim GCHandleType onpenejmeTCfl TaK: 

public enum GCHandleType { 

Weak = 0, // MoHHTopHHr cymecTBOBaHHH o6bexTa 

WeakTrackResurrection = 1 // Mohhtophht cymecTBOBaHHB o6bexTa 
Normal = 2, // ynpaB/ieHite BpeMeHeM >km3hm o6beKTa 

Pinned = 3 // YnpaB/ieHHe BpeMeHeM >km3hm o6beKTa 

} 

Bot hto oananaiOT sth <))./rai ii. 

□ Weak — MOHHTopiiHr BpeMeHii >icn3mi o6beKTa. fil ial ii03ii0.T3CT y3HaTb, Kor/pi 
y6opmiiK Mycopa o6HapyaciiBaeT, hto o6beKT 6onee HenocTyneH Koay npiuioaceHim. 
y'lTHTC, TICI MCTO/I, (l|;iHHajIIT3aHITIf OO'bCKTa MOT KaK BbinOJIHIITbCH, TaK H He BbinOJI- 
HIITbCH, IIOSTOMV OO'bCKT MO/KCT IIO-lipC'/KTICMy OCTaBaTbCH B naMHTH. 
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□ WeakTrackResurrection — MOHiiTopiiHrBpeMemi ach3hh o6 - beKTa. Ojiar iio3bo. : imct 
y3HaTb, Koraa y6opnpiiK Mycopa o6HapyaciiBaeT, ato o6 - beKT 6ojiee HCAOCTyneH KOAy 
ii|)ii. : iO/iccmiM. y'n inc, tio mctoa (})iiiia.Tii;sanii 11 o6 - beKTa (ecAn TaKOBOii n mcctch) 
yace toaho 6bui BbinojiHeH, to ecTb naMHTb, 3aHHTan o6beKTOM, 6buia ocBo6oacAeHa. 

□ Normal — KOHTpoab BpeMemi >k 1131111 o6beKTa. Oaar .aacTaisAHCT y6opnpiiK Mycopa 

OCTaBHTb o6bCKT B naMHTH, AAACC CCAH B ll| )H. IO'/KCm i I I HCT I ICpCMCI 1 1 1 l»l X ( K()| ) 1 1C li ) , 

ccbuiaiomiixcH Ha Hero. B xoAe y6opKii Mycopa naMHTb, 3aHHTan 3 thm o6beic- 
tom, MoaceT 6biTb cacaTa (nepeMemena). Mctoa Alloc, He npHHHMaiomHH cjxaar 
GCHandleType, npeAnoAaraeT, ato 3AAaHO 3HaAeHiie GCHandleType. Normal. 

□ Pinned — KOHTpoab BpeMemi hch3hh oSbercra. Oaar aacraisAMCT y6opmnK Mycopa 
OCTaBHTb o6beKT b naMHTH, Aaace ecjni b npHJioaceHini HeT nepeMeHHbix ( laipncii ), 
ccbuiaiomHxcfl He Hero. B xoac y6opKii Mycopa naMHTb, aaiiHTan sthm o6beKTOM, 
He MoaceT 6biTb cacaTa (nepeMeirpeHa). 3to o6maho 6biBaeT nojie3HO, icoiypa HyacHO 
iiepc/taTi) a/ipec naMHTH b HeynpaBJineMbiH koa. HeynpaBjineMbiH koa MoaceT bbi- 
noaHHTb 3anncb no 3tomv a/ppecv b ynpaii.iHCMO ii icytc, 3Han, tio pacnojioaceHiie 
yiipaii.TMCMom o6beKTa iioc.tc y6opKii Mycopa He ii3MeHHTCH. 

npn Bbi30Be CTaTHnecKHH mctoa Alloc oo'iiCKTa GCHandle CKamipyeT Ta6./inipy GC- 
AecKpimTopoB /pomchpi npiiAOAcemiH b noncKax .a.TCMem a, b kotopom xpamiTCH a/ppec 
o6beKTa, nepe/paiiiiom eMy b ica'pccnpe napaMeTpa. I Ipn stom ycTaHaBAHBaeTCH cjjaar, 
nepeAaHHbiii b KanecTBe napaMCTparany GCHandleType. 3aTCM mctoa Alloc B03BpanpaeT 
3K3eMnjiHp GCHandle. Tun GCHandle — sto <<o6jierHeHHbiii» 3HaAHMbiii ran, coAepaca- 
npiiH oaho 3K3eMnjinpHoe none IntPtr, ccbuiaronpeecfl Ha iiii/pcKC .sjiCMcma b Ta6./i 11 1pc. 
L Ito6p>I OCBo6oAHTb 3TOT .3 A CM CUT B Ta6. : l IP I PC GC-ACCKpiinTOpOB, HyaCHO B3HTb 3K3CM- 
njiHp GCHandle h Bbi3BaTb mctoa Free (KOTopbiii TaKace o6bHBJiHeT i[CAciicTi!HTe.Ti>m>i.vi 
3K3eMnjiHp, o6HyjiHH none IntPtr). 

Bot KaK y6opnpHK Mycopa pa6oTaeT c Ta6Aim,eH GC-AecKpimTopoB. 

1. y6opnpHK Mycopa MapraipyeT Bee AOCTynHbie o6beKTbi (KaK omicaHO b iianaAC stoh 
raaBbi). 3aTeM oh CKamipyeT raonnipy GC-AecKpimTopoB, Bee o6beKTbi c cjjaaroM 
Normal hah Pinned CAHTaiOTCH kophhmii h TaKace MapraipyiOTCH (b tom aiicac Bee 
o6beKTbI, Ha KOTOpbie oral CCblAaiOTCH 'fepe.3 CBOH nOAH). 

2. y6oprLpiiK Mycopa CKamipyeT Ta6Aim,y GC-AecKpimTopoB b noncKax Bcex 3aroiceH 
c (jiAPiroM Weak. Ecah TaKaH ;saimci> ccbiAaeTCH Ha HeMapKiipoBaHHbrii o6beKT, yKa- 
3aTeAb othochtch k HeAOCTynHOMy o6beKTy (Mycopy) h npiipaismiisacTCH k null. 

3. y6opnpiiK Mycopa CKamipyeT cnucoK (|niHaAH3aip 1 HH. Ecah yKa3aTeAb H3 cnncKa 
ccbiAaeTCH Ha HeMapKiipoBaHHbrii o6beKT, stot o6beKT p pan n i pac p cAHTaracH hcao- 
CTynHbiM h nepeMenpaeTCH 113 cnncKa ())iiiia. : m3anii 11 b 0'pepe/pi> Ha <)pii 1 p;i.. ipipjcip ppp po. 
B 3TOT MOMeHT o6bCKT MapKIipyeTCH, nOTOMy 'ITO lia'IllliaCT' CAHTaTbCH AOCTynHbIM. 

4. y6opm;HK Mycopa CKaHiipyeT Ta6Aiirpy GC-AecKpunTopoB b noiicKax bccx sacmchtob 
c ()).t;ii'Om WeakTrackResurrection. Ecah TaKoii oacmciit ccbiAaeTCH Ha HeMapKii- 
poBaHHbiii o6beKT (Tenepb sto o6beKT, Ha KOTopbiii yKa3biBaeT oacmcht 113 onepcAu 
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Ha cfjHiiajiH3anHTo), yKaaaTC.MP) cHHTaeTCH othochiahmch k nc;i,oc'[yiiiiOMy o6 - beKTy 
(MycopoM) h npupaBHHBaeTCH k null. 

5. y6opmiiK Mycopa cacHMaeT naMHTb, y6npaa CBo6oAHbie MecTa, ocTaBimiecH Ha MecTe 
iiCAOCTymibix o6beKTOB. yaunc, 'no yoopmn k imorAa npeAnoHHTaeT He caciiMaTb 
naMHTb, ecjra iiocin'iacT, tio 4)parMeHTan,iiH Hii3Ka h Ha ee ycTpaHemie He ctoht 
T paTHTb BpeMH. 06beKTbi c <)).t a ix),\i Pinned He OKH.viaiOTCTi (He ncpcMcmaiOTCH), 
a o6beKTbi, HaxoAHmuecH phaom, MoryT nepeMemaTbcn. 

Pa3o6paBmiicb b jioniKe pa6oTbi yoopimiKa, nonpo6yeM hciio.t f>30 na i Fj sth 3HaHHH 
Ha npaKTHKe. HaH6ojiee noHHTHbi (|).iaru Normal h Pinned, iiosto.mv iia'iiie.vi c hiix. 
06mhho ohh npiiMeHHiOTCH npn ii.3aii.vio/i,cii<:"miin c HeynpaBJiHCMbiM koaom. 

fil ial Normal HcnoAb3yeTCH aah i icpc/tan h ccbijiKH Ha ynpaBAHeMbifi o6beKT He¬ 
ynpaBAHeMOMy KOAy npii ycAOBHH, hto no3Hce HeynpaBAHeMbifi koa BbinoAHHT o6paTHbiii 
Bbi30B ynpaBJiaeMoro koah, nepeAaB eMy 3Ty ccbiAKy. B o6meM CAynae i ioiso3,.vio>k' no 
nepeAaTb ccbuiKy Ha ynpaBAHeMbifi o6beKT HeynpaBAHeMOMy KOAy, noTOMy hto npn 
y6opKe Mycopa aApec o6beKTa b na.viHTu mo>kct H3MemiTbCH, h yica3aTeAb cTaHeT He- 
AefiCTBIITeAbHblM. HTo6bI pCIHIITb 3Ty npo6ACMy, MOACHO BbI3BaTb MCTOA AllOC o6bCKTa 
GCHandle h nepeAaTb eMy ccbuiKy Ha o6beKT h cjiAar Normal. 3aTeM B03BpameHHbifi 
3K3CMnAHp GCHandle HyacHO npiiBecTH k Tuny IntPtr h nepeAaTb noAyHeHHbiii pe- 
3yAbTaT b HeynpaBAHeMbifi koa- KorAa HeynpaBAHeMbifi koa bbiiioattht o6paTHbifi 
Bbi30B ynpaBAHeMoro koaa, nocAeAHiifi npimeAeT nepeAaBaeMbiii THn IntPtr o6paTHO 
k GCHandle, nocne Hero 3anpociiT cbohctbo Target, hto6m noAyHHTb ccbiAKy Ha ynpaB- 
AneMbiH o6rbC kt (hah ero TCKviuuii aApec). KorAa HeynpaBAHeMOMy KOAy 3Ta ccbiAKa 
6yAeT 6oAbine He HyKHa, CAeAyeT Bbi3biBaTb mctoa Free o6beKTa GCHandle, KOTopbifi 
n03B0AIIT OHHCTHTb o6beKT npii C.ICAV lOlllcii y6o|) KC MyCOpa (npii yCAOBIIII, HTO A.; I a 
3Toro o6beKTa iic r Apyrux KopHeii). 

06 paTHTe BHHMaHHe, hto b 3toi! CHTyauiiH HeynpaBAHeMbifi koa hc pa 6 oTaeT c ynpaB- 
AneMbiM o 6 beKTOM KaK TaKOBbiM, a AiiiHb ncnoAb 3 yeT Bo.'s.vio'/KT iQCTb cocAaTbCH Ha Hero. 
OAHaKO 6 biBaiOT CHTyanHH, KorAa HeynpaBAHeMOMy KOAy Tpe 6 yeTCH ynpaBAHeMbifi o 6 b- 
eKT. TorAa 3 tot o 6 beKT CAeAyeT OTMeTHTb (}). : iaro.\i Pinned — 3to 3 anpeTHT y 6 opmiiKy 
Mycopa nepeMemaTb h cacHMaTb ero. TunHHHbiH npirnep — nepcAana ynpaBAHeMoro 
o 6 beKTa String c|;iyHKniin Win32. IIpii stom o 6 beKT String HaAO o 6 H 3 aTeAbHO otmc- 
THTb cjiAaroM Pinned, noTOMy hto HeAb 3 H nepeAaTb ccbiAKy Ha ynpaBAHeMbifi o 6 neKT 
HeynpaBAHeMOMy KOAy H 3 - 3 a B 03 MoacHoro nepeMememiH stoto o 6 beKTa y 6 opmiiKOM 
Mycopa. B npoTHBHOM c.iyiae, ecAii 6 bi o 6 beKT String 6 biA nepeMemeH, HeynpaBAHe- 
Mblii KOA BbinOAHHA 6 bl HTeHHC H 3 naMHTII HAII 3 aniICb B naMHTb, 6 oAee He COACp'/KamyiO 
chmboaob o 6 beKTa String, h pa 6 oTa npiiAOAceHHH CTaAa 6 bi HenpeACKa 3 yeMofi. 

IIpH HcnoAb30BaHiiH aah Bbi30Ba MeTOAa MexaHH3Ma P/Invoke CLR aBTOMaTHnecKii 
ycTaHaBAHBaeT aah apryMCHTOB cjiAar Pinned h c6pacbiBaeT ero, KorAa HeynpaBAHeMbifi 
MeTOA B03BpamaeT ynpaBAemie. I Io.stomv name Bcero b THne GCHandle He npnxoAHTCH 
caMOCTOHTeAbHO hbho ycTaHaBAHBaTb (ji.iar Pinned aah KaKiix-Aii6o ynpaBAHeMbix 
o6beKTOB. Tun GCHandle iivacno hbho HcnoAb30BaTb aah i icpcAa'iu AApeca ynpaBAH¬ 
eMoro o6beKTa HeynpaBAHeMOMy KOAy. 3aTeM HeynpaBAneMan cjjyHKniiH B03BpamaeT 
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ynpaBJieHiie, a HeynpaBjiaeMOMy Ko/iy stot ofibeicr mo/icct iioipcooiiai boi iio.'s/pncc. 
Hame Bcero Taicaa cmyaiiHa B03HincaeT npii acHHxpoHHbix onepapHax BBopa-Bbreopa. 

/lonycTHM, bh BbipejiaeTe naMHTb j \ j ia 6afiTOBoro MacciiBa, KOTopbifi pojiaceH 3anon- 
HHTbca ,uiiiiip,im n no Mepe hx nocTynjiCHiin H3 coKeTa. 3aTeM hi>p;j inisaerop MeTO/i Alloc 
rana GCHandle, iicpc/iaPOinnif ccbijiKy Ha Macci-iB h cjjjiar Pinned. /lance npii noMomii 
B03BpameHHoro 3K3eMnjiapa GCHandle Bbi3biBaeTca mcto/p, AddrOfPinnedObject. Oh 
B 03BpamaeT IntPtr — AeiicTBiiTejibHbiii anpec o6beicra c cjuiaroM Pinned b ynpaBjiaeMoii 
Kyne. 3aTeM stot a/ipec nepenaerca HeynpaBJiaeMoii (tiyiiKUHH, KOTopaa cpa3y nepepaeT 
ynpaBJieHiie ynpaBJiaeMOMy Kopy. B npopecce iioc'iyii.iemiM ,i,;ip ppi p>i x 113 coKeTa 6ycjiep 
6afiTOBoro MacciiBa He aojokch nepeMeipaTbca b naMHTii, hto ii o6ecneHHBaeTca cjuiaroM 
Pinned. IIo 3aBepmeHini onepapHH aciiHxpoHHoro BBopa-BbiBopa Bbi3biBaeTca mcto/p, 
Free o6beKTa GCHandle, KOTopbiii pa3pemaeT nepeMemeHiia b 6ycjiep npii cnenyiomeH 
y6opKe Mycopa. B ynpaBJiaeMOM Rope no-npeacHeMy nonncHa npucyTCTBOBaTb ccbunca 
Ha stot 6ycjiep, o6ecneHHBaa pa3pa6oTamcy pocTyn k naHHbiM. 3 ts ccbunca He no3BOJiiiT 
y6opmiiKy noaHOCTbio y6paTb 6ycj)ep H3 naMaTH. 

Cjic/ivct ynoMHHyTb h o TaKOM cpe/icme c|iiiKcanHH o6beKTOB isnyppii Kona, KaK 
iiHCTpyKii,iia fixed a3biKa C#. Bot npimep ee npiiMeHeHiia: 

unsafe public static void Go() { 

// BbiAe/ieHine MecTa noA o6beKTbi, KOTopbie HeMeA-neHHO npeBpanpapoTca b Mycop 
for (Int32 x = 0; x < 10000; x++) new ObjectQ; 

IntPtr originalMemoryAddress; 

Byte[] bytes = new Byte[1000]; // PacnonaraeM 3tot MaccnB 

// nocne MycopHbix o6beKTOB 

// nonynaeM aApec b nanflTn MaccnBa Byte[] 

fixed (Byte* pbytes = bytes) { originalMemoryAddress = (IntPtr) pbytes; } 

// npnHyAHTenbHan y6opxa Mycopa 

// Mycop MC4e3aeTj no3BOAna c*aTb MaccnB Byte[] 

GC.CollectQ; 

// riOBTOpHoe nonyneHne aApeca MaccnBa Byte[] b naMBTn 
// n cpaBHeHne AByx aApecoB 
fixed (Byte* pbytes = bytes) { 

Console.WriteLine("The Byte[] did{0} move during the GC", 

(originalMemoryAddress == (IntPtr) pbytes) ? " not" : null); 

> 

} 

HHCTpyKiina fixed a3biKa C# pa6oTaeT icppi i;ppcii, 'ic.vi BbmejieHiie b naMHTii 

(JniKCHpoBaHHoro GC-necKpimTopa. B namiOM cayaae OHa 3acTaBjiaeT yeraHOBiiTb 
cneiiiiaabHbiH «6jioicnpyiomHH» cjuiar Ha jioicajibHyio nepeMeHHyio pbytes. y6opmiiK 
Mycopa, Hccaenya conepacHMoe stoto KopHa h o6HapyaciiBaa OTjniHHbie ot null 3Haae- 
Hiia, noHiiMaeT, 'n o bo BpeMa cacania nepeMemaTb o6beKT, Ha KOTopbifi ccbuiaeTca 3Ta 
nepeMeHHaa, Hejib3a. KoMnunaTop C# coa/iaci IL-koa, npiiCBaiiBaiomiiH jioicajibHOH 
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nepeMeHHofi pbytes a/tpec oo'bcicra H3 iiaaajia oaoigi fixed. IIpii AOCTiocemni Komia 
6jiOKa KOMniuiHTop coa/iacr 1 L-HHCTpyKpH io, B03Bpamaiomyio nepeMeHHOH pbytes 
.'iiia'ieimc null. OHa nepecTaeT ccbuiaTbCH Ha ofibCKT, iio3bo./im a y/puurn, stot o6beKT 
b xoAe cjie/iyiomeH y6opKii Mycopa. 

CPjiarii Weak h WeakTrackResurrectlon MoryT npHMeHHTbca KaK b cpeHapH- 
HX B3aiIMO/ieHCTBIIH C HeynpaBAHeMbIM KOAOM, TaK H npn HCn0Ab30BaHHH TOAbKO 
ynpaBjiaeMoro Ko/ia. CD Aar Weak yKa3biBaeT, hto o6beKT yace noMeneH KaK Mycop, 
ho 3aHiiMaeMaH hm naMATb noKa mo>kct OKaa.ai boi HeBOCTpe6oBaHHofi. A bot (jviar 
WeakTrackResurrectlon yKa 3 biBaeT Ha iico6xo/i,hmoctP) boanpamemia i[a.vunu. B to 
B peMH KaK cjjjiar Weak npiiMCHHeTCH noBceMecTHO, a eme hh pa3y He bhaca npuMeHeHiia 
(jwara WeakTrackResurrectlon b peajibHbix npiuioaceHiiax. 

I lpe/i,ii<).TO>Kii.\i, tio ofrbCKT A iiepno/uriecbTi Bbi3biBaeT mctoa /yia oobeicra B. Ho Ha- 
jiHHHe ccbuiKii Ha o6beKT B co CTopoHbi o6beKTa A a.amuiuacT ero ot y6opmiiKa Mycopa, 
h BnoaHe B03MoacHbi CHTyapini, b KOTopbix TaKoe iiobcaciihc HeacejiaTejibHO. I Ipcyuio- 
aoschm, tio BMecTO 3Toro HaM iiy'/KTio, hto6h o6beKT A Bbi3biBaji mctoa o6beKTa B npn 
ycjiOBiiii, tio nocjie/umii iiaxoahtcm b yupaicTacMOii kvmc. pcmemia 3Tofi aa/pt'tu 
o6beKTy A cjie/iyeT Bbi3BaTb mctoa Alloc KJiacca GCHandle, nepe^aB 3TOMy MeTOAy ccbui- 
Ky Hao6beKT B h <)). i;ii Weak. B pe3yjibraTe b o6beKTe A fiy/tcr xparaiTbCH lioaispameimaa 
ccbuiKa Ha 3K.3CMii.Ta)) GCHandle, a He pcaobiiaxi ccbuiKa Ha o6beKT B. 

npn OTCyTCTBIIH APyrHX KOpHCH, COXpaHJHOHIHX o 6 bCKT B, Tenepb OH MOACCT OTnpaB- 
AHTbCH B MyCOpHyiO KOp3IIHy. ECJIII o 6 bCKTy A nOHaAo 6 lITCH BbI3BaTb MCTOA o 6 bCKTa B, OH 
o 6 paTHTca k npeAHa3HaaeHHOMy TOJibKO aah HTemra CBoiiCTBy Target KAacca GCHandle. 
Bo 3 BpameHiie sthm cbohctbom aiia'ieima, otahahoto ot null, yKa 3 biBaeT, tio oobeicr B 
eme cyinecTisycT. I loc.ic stoto koa o 6 beKTa A cmotkct npiiBecTH lajanpaiucmmo ccbiAKy 
k THny o 6 beKTa B h Bbi 3 BaTb MeTOA. Ecah ace cbohctbo Target isoanpamacT .iiiaaemie 
null, 3HaaHT, 06 'bCKT B y hiittoaccii yoopmiiroM Mycopa, h o 6 beKT A He 6 yAeT iii.nai bca 
Bbi 3 BaTb MeTOA o 6 beKTa B. Biipo'ie.Yi, koa o 6 beKTa A MoaceT Bbi 3 BaTb MeTOA Free Tuna 
GCHandle, hto 6 m pa 3 opBaTb CBH 3 b c 3 K 3 eMnajipoM GCHandle. 

nOCKOJIbKy H3-3a BbICOKIIX Tpe 60 BaHIlfi K 6e30naCH0CTH npn (|)IIKCaU,HH HAII coxpa- 
HeHiiii 06'bcicra b 1 1 a.viHTu pa 6 oTaTb c THnoM GCHandle i ic npocTO, b npocTpaHCTBO u.vien 
System 6 biA mciionon BcnoMoraTeAbHbifi kaacc WeakReference: 

public sealed class WeakReference<T> : ISerializable where T : class { 
public WeakReference(T target); 

public WeakReference(T target. Boolean trackResurrection); 

public void SetTarget(T target); 

public Boolean TryGetTarget(out T target); 

} 

3to He 6 oAee aeM o 6 beKTHO-opiieHTTipoBaHHaH o 6 epTKa aah 3K3eMnAapa 
GCHandle: KOHCTpyKTop stoto KAacca Bbi3biBaeT mctoa Alloc KAacca GCHandle, 
ero cbohctbo TryGetTarget HiiTaeT cbohctbo Target KAacca GCHandle, mctoa 
SetTarget 3 aAaeT cbohctbo Target KAacca GCHandle, a mctoa Finalize (Bbirne He 
noKa3aH, nocKOAbKy hbahctch aainmncmibiM) — mctoa Free KAacca GCHandle. /[ah 
pa 6 oTbi c kaaccom WeakReference KOAy He Tpe 6 yeTCH cneunaAbHoro paapcmcnua, TaK 
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KaK 3TOT KJiaCC ilO/l/iep>KHHaCT TOAbKO CJia6bie CCblAKHJ IIOliC/lCHHC, lipCAOCTaiSAHCMOC 
oiciCMii.'is-ipaMn GCHandle, pa3MemeHHbiMH b peacimax Normal hah Pinned, He no/i- 
TiepjKiiBaeTCH. Hcaoctatkom Kjiacca WeakReference<T> hijahctcai iico6xoammoctt> 
npe6biBamiH o6beKTa b kvic. H3-3a otoio o6beKTbi WeakReference «bcc.ht» 6ojibme 
3K3eMnjiapoB GCHandle. 

BHMMAHME 

no3HaKOMHBLuucb co cnaGbiMn ccbmxaMH, pa3pa6oTHHKn cpa3y xe cnnTaiOT, hto ohh 
xopoLuo noAxoA^T A^a K3LunpoBaHna. llopnAOx paccyxAeHnn npnMepHO t3kob: «Xopo- 
Luo 6bi co3AaTb mhoto obbexTOB, coAepxaLAnx MHoro AaHHbix, a 3aieM co3AaTb Ana hux 
cnaGbie ccbmKn. KorAa nporpaivuvie noHaAobrncn 3 th AaHHbie, OHa c noMOLAbio cnabon 
ccbinxn npoBepm, ecTbJin no6nn30CTn obnexT, coAepxaiAnn sth AaHHbie, h obHapyxnB 
ero phaom, BOcnojib3yeTca HyxHbiMH ashhumh. 3to obecnennT Bbicoxyio npon3BO- 
AHTenbHOCTb». OAHaxo nocne ybopxn Mycopa obtexTbi, coAepxaiAne AaHHbie, 6yAyT 
yHMHTOxeHbi, n xorAa nporpaivuvie npHAeica 3aH0B0 C03AaBaTb AaHHbie, ee npon3BO- 

Ame/ibHOCTb ynaAeT. 

HeAOdaTOKTaKoro noAxoAa btom, hto ybopxa Mycopa He BbinonHaeica npn nepeno/iHeH- 
hoh hah non™ nepeno/iHeHHoCi naMa™. HanpoTHB, OHa nponcxoAHT, xorAa noxoneHne 0 
3anonHeHO. nosTOMy obbex™ yAanaiOTca H3 naMaTH ropa3AO naiAe, neM HyxHO, hto 
3HaHkiTe/ibH0 CHHxaeT npon3BOAHTenbHOCTb npmioxeHMa. 

CnaGbie ccbinxn MoryT 6biTb oneHb 3(£><i>exTHBHbiMH npn xainnpoBaHnn, ho oneHb cjioxho 
co3AaTbxopomnn anropnTM xamnpoBaHna, obecnennBaiOLAHH nyxHoe paBHOBecne MexAy 
pacxoAOBaHneM naMaTn n BbiCTpoAencTBneM. B cyiAHOCTn, HeobxoAHMO, htoGh b xaixie 
6binn CTporne ccbinxn Ha Bee o6bexTbi, a 3aTeM, xoraa naMa™ CTaHOBnTca Mano, CTporne 
ccbinxn AonxHbi npeBpaiAaTbca b cnabbie. Ha ceroAHaaiHnn momcht CLR He noAAep- 
xnBaeT MexaHH3M, no3BonaioiAnn yBeAOM/iaTb npnnoxeHne 06 ncaepnaHnn pecypcoB 
naMaTn. TeM He MeHee nexoTopbie pa3pa6oTnnxn npHcnocobnnncb nepnoAnaecxn Bbi- 
3biB3Tb Win32-cJ)yHXAnio GlobalMemoryStatusEx n npoBepaTb none dwMemoryLoad bo 3- 
BpaiAeHHon CTpyxTypbi MEMORYSTATUSEX. Era 3HaueHne, npeBbuuaxjLAee 80, 03HanaeT, 
hto naMaTb Ha ncxoAe n HacTano BpeMa npeo6pa30BbiBaTb CTporne ccbinxn b cnabbie 
no BbiGpaHHOMy anropnTMy: no AaBHOCTn, nacTOTe, BpeMeHn ncno/ib30BaHna obtexTOB 
hah no APyrnM anropnTMaM. 


Pa3pa6oTHHKaM nacTO Tpe6yeTca CBH3aTb cjrpanvreHT AaHHbix c KaKHM-Hii6yAb ApyriiM 
SAeMeHTOM. HanpiiMep, moacho CBH3aTb AaHHbie c noTOKOM iiaii c aomchom npHAOAceHHH. 
KAacc System.Runtime.CompilerServices.ConditionalWeakTablexTKey,TValue> 
no3BOAaeT ciia.ia i b AaHHbie c o6beKTOM. Bot KaK oh m.ir.Ta/i,HT: 

public sealed class ConditionalWeakTablecTKey, TValue> 
where TKey : class where TValue : class { 
public ConditionalWeakTable(); 
public void Add(TKey key, TValue value); 
public TValue GetValue( 

TKey key, CreateValueCallbackcTKey, TValue> createValueCallback); 
public Boolean TryGetValue(TKey key, out TValue value); 
public TValue GetOrCreateValue(TKey key); 
public Boolean Remove(TKey key); 
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public delegate TValue CreateValueCallback(TKey key); // B/ioxeHHoe 

// onpefle^eHne ae/ieraTa 

} 

CBH3II npOIi3B OJIbHbIX /UIIIIIPjIX C 0/1,1 HIM 11/111 HeCKOJIbKIIMH o6beKTaMH KJiaCCa 

aah 11a/1a/1a BaM noTpe6yeTCH oicse.Mii/mp 3 Toro K/iacca. 3 aTeM c/ic/ivct Bbi 3 BaTb mctoa 
A dd, nepenaB napaMeTpy key ccbi/iKy Ha o6beKT, a napaMeTpy value — naHHbie, KOTopbie 
Bbl XOTHTe CBH 3 aTb C 3 THM o6beKTOM. IIpiI nOnbITKe nOBTOpHOrO /l,o6aii./ieillia CCbIJIKH 
Ha tot ace caMbifi o6beKT mcto/i Add BbmacT hckjiiomciihc ArgumentException. Hto6m 

II3MeHIITb CBH3aHH0C C o6bCKTOM 3HaTeHIie, HyACHO yAajIIITb KJIIOT H AC)6aBHTb CTO CHOBa 

y>ice c ApyniM aiia'iemie.vi. Mmcmtc b ishav, tio TaK KaK K/iacc hhi/ictch 6e3onacHbiM 
b OTHOHieHim noTOKOB, ero MoryT b KOHKypeHTHOM peaciiMe Hcno/ib30BaTb /ipyriie 
nOTOKIl, XO'Y'A 3 T 0 He JIV'tlllHM o6pa30M C 10131)1 liaCTCTI Ha npOII3BOAHTejIbHOCTH. IIpOH3- 
BOAHTe/IbHOCTb KJiaCCa IIV>1/IIO npOBepHTb, '(TOO 1)1 y3HaTb, HaCKOJIbKO OHa AOCTaTO'llia 
HMeHHO Bamero ciieHapiia. 

Pa 3 yMeeTCH, bo BHyTpeHHeii pcajiH3aniHT Ta6/iimbi xpaHHTCH ccbuiKa WeakRef erence 
Ha o6beKT, iicpc/iaiini)iii hm b ica'iecTise ic. iiona; sto rapaHTiipyeT, tio Ta6,/i 111pi He 6y- 
AeT npiiHy/iHTe/ibHO yBe/iiiHiiBaTb BpeMH >kh 3 iih o6beicra. Ho oco6eHHOCTb K/iacca 
ConditionalWeakTable coctoiit b tom, tto oh rapaHTiipyeT najiiiTHC b naMHTii 3 HaTeHim 
AO Tex nop, noKa o6beKT hachtik)) iiHiipycTca b iiaM/iTH no icno'iy. 3 to npeBocxoAHT 
choco6hocth o6biTHoro K/iacca WeakReference, b kotopom 3 HaTeHiie yniiTio/icacTca 
y6opmiiKOM Mycopa, xoth kjiiot eme cymecTByeT. K/iacc CondltionalWeakTable mo- 
>KCT npiIMeHHTbCH /[,./1 A peajIH 3 ail,HH MexaHII 3 Ma CBOiiCTB 3 aBHCHM 0 CTH, HCnO/Ib 3 yeMOrO 
b XAML. Oh mozicct Taioice BHyTpeHHe neno/ib 30 BaTbCH b Aiiiia.Mii'ieckTix H/sbiicax .yia 

AHHaMHTeCKOH CBH3II /UUHIblX C o6bCKTaMH. 

/Jajiee noKa 3 aH koa, ACMOHCTpiipyiomiiH npiiMCHeHiie K/iacca CondltionalWeakTable. 
Oh no3BO/uieT Bbi3biBaTb MeTOA paciiiiipeiina GCWatch ajim /11060 m o6beKTa, nepeAaBaa 
b Hero HeKHH Ter String. B pt/ay/ii/raTe npii yiiii'iTO/KCiimi o6beKTa b xoAe y6opKii 
Mycopa Bbi iio/iyiac'ie H 3 BemeHiie 'icpea. KOHCO/ib: 

internal static class ConditionalWeakTableDemo { 
public static void Main() { 

Object o = new Object(),GCWatch("My Object created at " + DateTime.Now); 

GC.Collect0; // OnoBememie 06 OTnpaBKe b Mycop He BbiAaeTcs 

GC.KeepAlive(o); // 06beKT, Ha KOTopbiii ccbmaeTcn o, AO/i>KeH cymecTBOBaTb 
o = null; // 06beKT, Ha KOTopbiii ccbmaeTcn o, mojkho yHHHTOxaTb 

GC.Collect(); // OnoBememie 06 OTnpaBKe b Mycop 
Console.ReadLine(); 

} 

} 

internal static class GCWatcher { 

// nPMMEHAHME. AKKypaTHee o6pamaiiTecb c TnnoM String 

// M3-3a HHTepHtipoBaHHH m o6beKTOB-npeflCTaBHTe/iefi MarshalByRefObject 

private readonly static ConditionalWeakTablecObject, 

NotifyWhenGCd<String>> s_cwt = 

new ConditionalWeakTablecObject, NotifyWhenGCd<String>>(); 
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private sealed class NotifyWhenGCd<T> { 
private readonly T m_value; 

internal NotifyWhenGCd(T value) { m_value = value; } 

public override string ToStringO { return m_value.ToString(); } 

~NotifyWhenGCd() { Console.WriteLine("GC'd: " + m_value); } 

} 

public static T GCWatch<T>(this T @object. String tag) where T : class { 
s_cwt.Add(@objectj new NotifyWhenGCd<String>(tag)); 
return @object; 

} 
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B :)to ii iviaise o6cy>K;iaiO'i'C>i /use TeMbi, no3BOJinlomiie no-iiacTOj-iincMy oueHHTb ao- 
CTOiiHCTBa Microsoft .NET Framework, — xocmum (hosting) h doMeuu npujiOMenuu 
(AppDomains). Ii/iaroyaps-i xocTimry uioboe npHjioaceffiie MoaceT ncnojib30BaTb B03Moac- 
hocth ooiueasbiKoiioii cpeani CLR, b aacTiiocTii cymecmyioiune iipn./ioaieima moucho, 
no KpaHHcii Mepe, aacni'nio, nepenucaTbnpnnoMomu ynpaBJiaeMoro Koaa. KpoMeToro, 
xocTimr iiosiso./imct HacTpariBaTb h aono. iiiHTb npmioaceHHa Ha nporpaMMHOM ypoBHe. 

IIoaziepacKa flonojiHemiii 03HauaeT B03M0acH0CTb BKjnouemiH b cboii nporpaMMbi Koaa 
CTopoHHiix pa3pa6oTHHKOB. B Microsoft Windows 3arpy3Ka uyaarx DLL-6n6jmoTeK 
6buia HCiv. iioame.ibiio pucKOBaHHbiM .vtcponpn mtiicm. B TaKoii 6ii6uii0TCKeoaeiib jierKO 
Mor OKaaai bCM Koa, pa3pyinaiomHH CTpyKTypbi aamibix, h koa npruiosceHiifi. KpoMe 
Toro, 6n6jiHOTeKa Morjia ircnojib30BaTb KOHTeKCT 6e3onacHOCTH npruioaceraiH /pia 
no.iyieima aocryna k pecypcaM, k kotophm b odbiuHbix ycjiOBinix aocryna y Hee HeT. 

/fOMCHbl ll|)l1. : IO>Keilllii n03B0.JIH.JIH pemHTb 9TH lipo6.JIC.V1bl. MmCIIIIO OH!! /PHOT B03M0AC- 

HOCTb 3anycKaTb He 110.jib.3y10 muiica AOBepiieM Koa ctopohhhx pa3pa6oTUHKOB, a CLR 
rapaHTupyeT 6e3onacHOCTb h ue/iocTHOCTb CTpyKTyp aamibix h Koaa, a raiC/KC iicbo.3- 
MOaCHOCTb HCn0JIb30BaTb B He6jiarOBH/],HbIX neJIHX KOHTeKCT 6e30naCH0CTH. 

06bIHHO XOCTHHr H AOMCHbl II])H./IO>KCI[II11 HCnOJIb3yK>T l[apM/l,y C 3arpy3KOH cdopoK 
h OTpa>Kcmie.vi. CoBMecTHoe npiiMCHeHne othx ueThipex rexno./ioniii npeBpamaeT CLR 
b HeBepoHTHO ooi aryio h .vioiunyio njiaTcjiopMy. 3Ta raaBa nocBHmeHa b ochobhom xo- 
CTHHry h ao.Yieiia.vi ii|)ii./io>Keimii, a o 3arpy3Ke cdopoK h OTpaacemiu paccKaabmacTca 
b cae/iyiomeH rjiaBe. Hay min h ocbohb oth TexHOJiormi, bbi y3HaeTe, iioaeviy ycnjina, 
saTpa'KTiiibie Ha ocBoeHiie .NET Framework, c jihxboh okviimtcm b oyayme.Yt. 


Xocthht CLR 

I l.iaTcjiojiMa .NET Framework padoTaeT noBepx Microsoft Windows. 3to sna'ini, mto 
b ee ocHOBe ao/UKHbi jieacaTb Tcxno.iomii, c KOTopbiMH Windows moucct is.aauvioacu- 
CTBOBaTb. /(jih iiaaaua Bee cjiaii.'i bi ynpaB/meMbix .vioayucu h cdopoK ao/iacHbi imem 
cjaopMaT PE (portable executable), HBJiHTbca HcnojiHaeMbiMH (Jraii/iaMH Windows (EXE) 
huh /(HHaMHuecKH noyK/nouaeMbiMH ono.iiiOTeKaMii (DLL). 

B Microsoft paapaborauu CLR b BH/ie COM-cepBepa, coaepacameroca b DLL. To 
ecTb paapaboT'iHKH onpeaejiHjm aua CLR craHaapTHbift COM-HHTepc^eiic h npHCBOnau 
3 TOMy iim('|x))('iicy h COM-cepBepy raodaubiio ymiKajibHbie uaeirnirjmicaTopbi (GUID). 
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IIpii ycTaHOBKe .NET Framework COM-cepBep, npeACTaBamomnn CLR, perncTpiipyeT- 
cn b peecTpe Windows rcarc jiio6oh /tpyroii COM-cepBep. I ioApooiiee cm. 3aroaoBOHHbin 
(jiaiiji C++ MetaHost.h H3 .NET Framework SDK — b stom ()jaii. : ie onpeAeaeHbi Bee 
GUI D-n;i,cm ii())iiKaTO|:)bi h HeynpaBaaeMbin HHTepcjieHC ICLRMetaHost. 

Jliodoe Windows-npiiaoaceHiie MoaceT CTaTb xoctom (ynpaBamomriM npnaoaceHiieM) 
/yia CLR. Oxnaico He cacavct coa/umaxi:, 3K.3e.vm.Tnpbi COM-cepBepa CLR ())ymai,iici ; i 
CoCreatelnstance; bmccto . 910 ro iieyi[paii./mcMbiii xoct no.T/KCn Bbi3biBaTb (jiymmiiio 
CLRCreatelnstance, o6r>ri h. icii iiv 10 b (jiaiLie MetaHost.h. 3Ta cJjvfikhiih peaxn30BaHa 
b 6ii6jniOTeKe MSCorEE.dll, KOTopaa odbiaHO pacnoaoaceHa b KaTaaore C:\Windows\ 
System32. Odbimio 3Ty 6ii6aiiOTeKy Ha3biBaroT oSojiohkou comecmuMOcmu (shim) — OHa He 
coaepacHT COM-cepBep CLR, a ToabKO onpe/rejiaeT, KaKyio Bepcnio CLR caeAyeT coa/unb. 

Ha o,r 110 ii MamriHe AonycKaeTca ycaaHOBKa HecKoabKHX BepcHH CLR, ho MoaceT 
6 biTb ToabKO 0 / 1,1 ia Bepcna (jiaiiaa MSCorEE.dll (odoaoaKa cobmccthmocth) 1 . Bepcua 
6116 ./ 1110 TCK 11 MSCorEE.dll comiaaac'r c Bepcneii caMoii iiocacAiieii ycTaHOBaeHHoii cpe- 
Abi CLR, iio. 3 TO.vty 3 Ta Bepcna MSCorEE.dll << 3 HaeT», KaK HafiTH aiooiae 6 oaee pamnre 
Bepcnn CLR, KOTopbie ycTaHaBAiiBaancb Ha MamriHe. 

Koa CLR coAepacHTca b (fiaii/ie, rma KOToporo 3aBiicnT ot Bepcnn. /laa Bepcnir 
1.0, 1.1 h 2.0 3 to (jiafia MSCorWks.dll, a Ana Bepcirn 4.0 — cjiafia Clr.dll. TaK KaK Ha oahh 
KOM nbioTep MoacHO ycTaHOBHTb HecKoabKO BepcHii CLR, 3 th cjraiiabi pacnoaaraiOTca 
b pa3Hbix nanKax 2 : 

□ Bepcna 1.0 — b nanKe C:\Windows\Microsoft.NET\Framework\vl .0.3705; 

□ Bepcna 1.1 — b nanKe C:\Windows\Microsoft.NET\Framework\vl .0.4322; 

□ Bepcna 2.0 — b nanKe C:\Windows\Microsoft.NET\Framework\v2.0.50727; 

□ Bepcna 4.0 — b nanKe C:\Windows\Microsoft.NET\Framework\v4.0.21006. 

OyHKu,na CLRCreatelnstance B03BpamaeT iiHTepijiehc ICLRMetaHost. Xoct- 
npnaoaceHiie MoaceT Bbi3biBaTb (jiv 11 ic 1111 k) GetRuntime 3Toro iiHTep4>enca, yKa3biBaa 
Ty Bepcnio CLR, KOTopyio caeAyeT co3AaTb. nocae aom odoaomca coBMecmMOcm 
3arpyacaeT 3Ty Bepcnio b TeKymnii npon,ecc. 

no yMoaaannio o6oaoaKa coBMecmMOCTii aHaaii3iipyeT ynpaBaaeMbiii ncnoaHacMbiM 
(jiaiia n H3BaeKaeT H3 Hero CBeAeHiia o Bepcnn CLR, c KOTopoh 6biao nocTpoeHO n npo- 
TecmpoBaHO npnaoaceHiie. Oahako npnaoaceHne MoaceT nepeonpeAeanTb 3aAaHHbie 
no yMoanamno CBeAemia, 3anncaB saeMeHTbi requiredRuntime n supportedRuntime 
b Koi[())iirypaii,iioiiiii)iii XML-cjiafia (cm. raaBbi 2 n 3). 


1 B 64-pa3paAHOii Bepcnn Windows b AeiicTBiiTeaBHocTii ycTaHOBaeHH ABa BapnaHra cjiaHaa 
MSCorEE.dll. nepBbiii — 3to 32-pa3paAHaa Bepcna x86, pacnoaoaceHHaa b nanKe C:\Windows\ 
SysWOW64, BTopoii — 64-pa3paaHaa Bepcna x64 nan IA64 (b 3aBHCHMOCTH ot apxiiTeKTypbi 
npoijeccopa), pacnoaoaceHHaa b nanKe C:\Windows\System32. 

2 OdpaTHTe BHHMaHiie, hto Bepcnn .NET Framework 3.0 n 3.5 nocTaBaaioTca c CLR 2.0. H He 
yKa3biBaio, b kbkhx nanKax HaxoaaTca Bepcnn .NET Framework 3.0 n 3.5, TaK KaK DLL-6n6anoTeKa 
CLR 3arpyacaeTca 113 nanKH v2.0.50727. 
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OyHKuiiH GetRuntime B03BpamaeT yica3aTejib Ha HeynpaBJineMbiii iiHTeptjieHC 
ICLRRuntimelnfo, H3 KOToporo npii noMomu Mero/ia Getlnterface nojiynaeTcn hh- 
Tepcjieiic ICLRRuntimeHost. Bbi3biBan MeTO/mi stoto iii[TC|:)())ciica, xocT-npiuioaceHiie 
MoaceT BbinojiHHTb cjie/iyiomHe onepapHH: 

□ ycTaHaBjniBaTb xocT-AncneTuepbi (host managers), to ecTb cooomai b CLR, 'no 
xoct AOJiaceH yuacTBOBaTb b pc me hit ax, cimaamibix c immejiemiCM na.viM'm, njiaHii- 
poBaHiieM h ciiHxpoHH3ari,HeH noTOKOB, 3arpy3Kori c6opoK h t. n. KpoMe Toro, xocTy 
MoryT noHa/i,o6HTbCH yBeAOMjieHiui o Hauane h OKOiiaaiiv™ y6opicii Mycopa, a Taicace 
o 3aBepmeHim onpe/i,ejieHHbix onepanriH. 

□ I [o. iy'ia rb mi(})()p\iamiio o CLR-AiicneTnepax, to ecTb 3anpemaTb CLR nciro./rnrso h;it f> 
onpe/i,ejieHHbie KJiaccbi hjih njieHbi. KpoMe toto, xoct MoaceT yica3aTb noyyieacamiiii 
h HenoaneacarttHH OTjiaAKe ko/t, a Taicace mctoah, Bbi3biBaeMbie npii ilac r yir. roiin n 
onpe/iejieHHbix coOmthh, TaKiix Kan Bbirpy3Ka AOMeHa npiuioaceHira, ocTaHOBKa CLR 
hjih hciciiohctihc, Bbi3BaHHoe nepenojmeHiieM cidca. 

□ HHiiLi,HajiH3HpoBaTb ii 3anycKaTb CLR. 

□ 3arpyacaTb c6opKy h uciio. ina i b ee koa. 

□ OcTaHaBjiiiBaTb CLR, npeAOTBpamanaajibiieiiiiieeiicnojiHeHiie yiipab. ; iae.viom icona 
b Windows-npon,ecce. 

CymecTByeT mhoto aoboaob b nojib3y npHMeHeHHH xocTimra CLR. K npimepy, 
oh a,aeT .Iiooo.viy npHjioaceHHio Aocryn k bo3moachocthm CLR h nporpaMMHbiM cpeA- 
ctbhm, a Tanace xoth 6h hacthhho 6biTb HamicaHHbiM Ha ynpaBJineMOM KOAe. MHonie 
npiuioaceHim, ooccnc'iinsaiomiic xocthht ncno.malomeii cpeAbi, npeAnaraiOT Maccy 
B03M0acH0CTeH pa.apaooT'iiiK'aM, CTpe.vinmu.vicii k pacmiipeHino (jiymaouHia. ibiiocTii. 
BoT TOJIbKO HCKOTOpbie B03M0aCH0CTH: 

□ nporpaMMiipoBaHiie Ha jiio6om usance; 

□ koa MoaceT KOMniiJiiipoBaTbCH (a no iiHTepnpeTiipoBaTbCJi) JIT-KOMminnTopoM, uto 
ooeciic'inisacT MaKcimajibHoe ObicTpoAeiicTBHe; 

□ noAAepacKa ydopKii Mycopa, npeAOTBpamaiomeH yTemcii h noBpeacAeHiie naMHTii; 

□ BbinojiHeHiie i<o;i,a b 6e3onacHoii h.iojihuhh; 

□ xocTy He HyacHO shoot rnbcii o iipc/ioc'iaii./ieiiiiu .Miioro())yiiKniioiia.ibiioii cpe/imi 
pa3pa6oTKH, BMeCTO 3TOTO OH HCnOJIb3yeT U.VteiOlUlieCH TeXHOJIOTHH: IT.3blKIT, KOMnil- 
JIHTOpbl, pe^aKTOpbl, OTJTaA’THKH, CpeACTBa npOcjHIJIIipOBaHIIH H np. 

Tcm, kto HHTepecyeTcn noApo6HOCTHMii xocTimra CLR, n HacTOHTejibHO peKOMCHAyio 
OTjiiiHHyio KHiiry CTiiBeHa IIpeTHHepa (Steven Pratschner) «Customizing the Microsoft 
.NET Framework Common Language Runtime» (Microsoft Press, 2005), HecMOTpn Ha 
to, uto b Heft paccMaTpimaiOTCJi 6ojiee paHHiie, 'ic.vi 4.0, Bepcnn CLR. 
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nPHMEHAHME 

KoHenHO, Windows-npopeccbi MoryT oOoMTMCb m 6e3 CLR. 3ia cpepa HyxHa TonbKo ajih 
Mcno/iHeHna b npopecceynpaB/iaeMoro Kona, flo noaB/ieHns .NET Framework 4.0 BHyTpn 
Windows-npopecca AonycKanca TO/ibKO oamh aioer/in/isp CLR. To ecTb npopecc Mor He 
coAepxaTb CLR BOoSLpe nan xe coAepxaib Kaxyio-HMOyAb M3 MMeiOLpMxcs BepcnFi — 1.0, 
1.1 nan 2.0. 3to 6biao cepbe3Hoe orpaHMneHMe. Hanpmviep, b Microsoft Office Outlook 
6biao HeB03M0XH0 3arpy3mb pea AonoaHMTeabHbix KOMnoHeHTa, eoriM ohm co3AaBaaMCb 
m TecTMpoBaaMCb Ha pa3Hbix Bepcuax .NET Framework. 

K cnacTbio, HanMHaa c .NET Framework 4.0, noAPepxMBaeTca B03MOXHOCTb 3arpy3KM 
BepcMM 2.0 m 4.0 b oamh Windows-npopecc, no3Boaaa KOMnoHeHTaM, HanMcaHHbiM Aaa 
.NET Framework 2.0 m 4.0, paOoTaTb napaaaeabHO, He McnbiTbiBaa npo6aeM coBMecTM- 
moctm. 3ia 6e3 npeyBe/iMHeHna (JjaHTacTMnecKaa B03M0XH0CTb no3BoaaeT npnMeHSTb 
KOMnoHeHTbi .NET Framework b caMbix pa3Hbix cpeHapuax. Y3HaTb, Kaxaa BepcMs Man 
BepcMM CLR 3arpyxeHbi b onpeAeaeHHbiM npopecc, moxho c noMOiubto yjv\nvnb\ ClrVer.exe. 

3arpyxeHHyio b Windows-npopecc cpepy CLR Bbirpy3MTb yxe Heab3a. MeTOAbi AddRef 
m Release He bhhhiot Ha MHTepcfjeMC ICLRRuntimeFiost. Bbi MoxeTe ToabKO 3aBepiiiMTb 
npopecc, BbiHyAMB Windows ohmctmts Bee 3aHSTbie b HeM pecypcbi. 


flOMeHbl npmiO>KeHMM 

B xoac HHHUHajiH3aii;HH COM-cepBep CLR coaAacr doMen npujioMeuuu (AppDomain), 
npeACTaBAmomnH coboii AoranecKHii Komeiinep /yia Ha6opa c6opoK. nepBbifi H3 co3- 
AaHHbix AOMeHOB Ha3biBaiOT 0CH06HUM (default AppDomain), oh yHiruToacaeTCH TOJibKO 
npn 3aBepmeHiin Windows-npopecca. 

IIomiimo ocHOBHoro, xoct, HcnoAb3yioipHH MeTOAbi HeynpaBJineMoro COM- 
HHTepcjieHca hah MeTOAbi ynpaBAneMoro Tima, MoaceT 3acTaBHTb CLR co3AaTb ao- 
noAHHTeAbHbie AOMeHbi npHAoateHHH. Hx ochobhoh aa/umeii hbahctch oocciicaeime 
H30AHUHH. /io.vieiibi ii|)ii./io>i(cmiii v/roo 11i>i o./iaroAapa HecKOAbKHM CBoiicTBaM. 

□ OdbeicTbi, co3AaHHbie oahhm aomchom npHAoaceHHH, HeAOCTynHbi pan koas Apy- 
thx AOMeHOB. KorAa koa AOMeHa npiiAoaceHHH co3AaeT none kt, aomch cranomncn 

«X03HHHOM» 3TOTO OO'bCKTa. H I la'IC TOBOpH, BpCMH ACH3HII OO'bCKTa OrpaHHUHBaeTCH 

BpeMCHeM cymecTBOBaHiin caMoro AOMeHa. Koa Apyroro AO.vicna mo>kct noAyuHTb 
AOCTyn k odneKTy, toabko HcnoAb3ya ceMaHTHKy npodeuMenux no ccbuiKe (marshal- 
by-reference) hah no 3Hmenum (marshal-by-value). TeM caMbiM obecnemiBaeTcn 
mc'i koc pa3AeAeHiie KOAa b aomciic npHAoaceHHH, Tan nan koa b oahom AOMeHe He 
MoaceT uaiipaMyio cc bi.iaibCM Ha ooneicr, co.'oummaii b ApyroM AOMeHe. Tana a 1130 - 
ahuhh no3BOAHeT AerKO BbirpyacaTb aomchm npHAoaceHHii 113 npopecca 6e3 bahhhiih 
Ha paboTy Apymx aomchob. 

□ /JoMeHhi [ipHAoaccHini MoacHO Bhupyacarh. CLR He noAAcp>KiiisacT Bbirpy3Ky ot- 
AeAbHbix cbopoK. OAHaKO MoacHO 3acTaBHTb CLR Bbirpy3iiTb aomcii npHAoateHHH 
co BceMii coAepacamHMHcn b hcm b Aamiijiii momcht coop ica.vtn. 
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□ /JOMCHhl 11 pMJI 0>KCH H 11 M OIK HO HHflHBHflyaJIbHO aaiKHIHaib. IIpiI C03AaHITIT AOMCliy 
npnjioaceHHH moacho Ha3HaHiiTb Ha6op pa3pemeHirii, onpeAeAmomiiii MaKciiMajibHbie 
npaBa 3anymeHHbix b iicm c6opoK. 3 to iiosbo.mmct xocTy 3arpyacaTb ko/i, h 6biTb yBe- 
peHHbiM, tio 3tot ko/i. He HcnopTHT ii/iii He iipo'iiriacr BaacHbie CTpyKTypbi /lammix, 
ncnojib3yeMbie camiim AO.vieno.vt. 

□ /l,OMeHbi iipHJioaceHHH mo;kho HH,inBn;iya.Tbno HacTpaHBaTb. KaacAbift /iomcii n.vie- 
eT H,ejibiH Ha6op lamcjiiirypamiomibix napaMeTpoB. Ohh b ochobhom onpeAeAmoT, 
KaK cpe;ia CLR ;io.i>Kiia 3arpyacaTb cdopKii b ao.vicii. CymecTByiOT h napaMeTpbi, 
OTHOCHHiHecH k iiyxHM noHCKa, iie|:)Ciiaiipaii.ieimio npins>T3Kii k iicpciiMM, TeHeBOMy 
KOniipOBaHHIO H OnTHMH3aU,HH 3a rpy.3'1 M K3 . 

BHMMAHME 

Windows npeflOCTaBnaeT3aMeiaTe/ibHyio B03M0XH0CTb3anycKaTb xaxAoe npmioxeHi/ie 
BCodcTBeHHOM aflpecHOM npocipaHCTBe. 3to rapaHTnpyeT, hto koa oahoto npnnoxeHwi 
He no/iyiHT AOCTyna k KOAy m AaHHbiM APyroro. M30Jiimnn npopeccoB npeAOTBpaiAaei 
noaBneHMn dpeineti b CHCTeMe 6e3onacHOc™, noBpexAeHne AaHHbix m APyrne Henpn- 
hthoctm, odecneHMBan HaAexHOCTb Windows n padoTaioiAi/ix b 3tom onepau,noHHoCi cn- 
CTeMe npnnoxeHMM. K coxaneHmo, C03AaHne npouecca b Windows — onepapwi oneHb 
pecypcoeMKan. Win32-ct3yHKu,nn CreateProcess Bbino/iHneTcn MeAJieHHO, a BMpTya/iM3au,nH 
aApecHoro npocTpaHCTBa npopecca TpedyeT mhoto nan/in™. 

OAnaxo ecxm npwioxeHiie noxiHOCTbio coctoht m3 rapaHTiipoBaHHO 6e3onacHoro 
ynpaB/ineMoro koab, KOTopbiM KTOMy xe He Bbi3biBaeT HeynpaB/ineMbM koa, moxho 3a- 
nycTMTb HecKonbKO ynpaBJiaeMbix npnnoxeHHM b oahom Windows-npopecce. Mx AOMeHbi 
odecnenaT M30.nnpmo, Heo6xoAHMyio A-nn 3aipnTbi, KOHcJ)nrypnpoBaHna ia 3aBepuieHnn 
OTAenbHbix npmioxeHMM. 


Ha pwc. 22.1 noKa3aH o i/ic/rmi r>iii Windows-npopecc, b kotopom padoTacx o/iiin 
COM-cepBep CLR, yiipaii.iMlomiiii /piyMii /lOMeiia.vm npiinoiKCHim (KCTaTii, He cyme- 
CTByeT acecTKHx 01 panit'iemiii Ha Ko.iii'iccmo ao vie no is ii])h/io/kci inii , Karopbie MoryT 
BbinojiHHTbCH b oahom Windows-npoiiecce). y KaacAoro TaKoro AOMeHa ecTb co6cTBeHHaa 
Kyia 3arpy3HHKa, HCAymaxi yicx oopamemiii k TunaM c vio.viem acoopaii hm AOMeHa (.-mi 
Tiinbi 6biAH noApoono paccMOTpeHbi b rjiaBe 4). KaacAOMy Tuny b Kyic 3arpy3HiiKa co- 
OTBeTCTByeT xa6.i ii iia .viexoAoii, CTpoKii KOTopoii yKa3biBaiOT Ha koa mctoas (ecAH otot 
MexoA xoTb pa3 hci io. r i ixi./ioj-i, ero koa yace ckom ii ha iipoiiaii J IT-kom ii h Aiixopo.vt). 

KpoMe Toro, b KaacAbiii aomcii i i]) ix/io>kcii nii 3arpyaceHbi cdopKH. B nepBbiii (oh ace 
ochobhoh) 3arpyaceHbi Tpn cdopxii: MyApp.exe, TypeLib.dll h System.dll, bo BTopofi — Afie 
cdopKii: Wintellect.dll h System.dll. 

06paTHTe BHiiMaHiie, hto cdopxa System.dll 3arpyacaeTca b o6a AOMeHa. Ecaii b o 6 ohx 
AOM eHax HcnoAb3yeTca oahh Tim H3 System.dll, b iix Kyiax 3arpy3miKa 6yAyT pa3MemeHbi 
oo'bcicrbi OAimaKOBbix TimoB; naMHTb, HbiACAoima/i noA ox it 06'bc ktm, He iiciio.iboycxoi 
AOMeHaMii coBMecTHO. BoAee toto, xorAa koa AOMeHa Bbi3biBaeT onpeAeAemmie b Time 
MeTOAbi, IL-koa MeTOAa JIT-KOMmiAiipyeTCH, a pc3yAbTnpyioiii.il ii ManiHHHbiH koa 
npiIBH3bIBaeTCH K Ka/KAO.Viy AOMeHy B OTAeAbHOCTII, TO eCTb OH He IICnOAb3yeTCH HMH 
COBMeCTHO. 
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Windows-npouecc 


flOMeH npujioxeHUM 1 (ochobhok) 


Kyna 3arpy3HHKa 


Typel 


Ml () 
(x86) 

M2() 

(x86) 


Type2 


Ml () 
(x86) 

M2() 

(x86) 




Ml 0 
(x86) 

M2() 

(x86) 



MyApp.exe 


TypeLib.dll 


System.dl I 




HcnoJiHMTe/ibHoe napo 

MSCorEE.dll (o 6 o/iOHi<a coBMecruMOCTu) —► Clr.dll (cpeaa CLR) 

Pmc. 22.1. Windows-npouecc, aB/imomnrica xoctom abb CLR 
u flByx flOMeHOB npu/ioxeHMM 


XOTH OTCyTCTBHe COBMeCTHOrO HCn0JIb30BaHIIH naMHTII flJIH XpailCIIIIM o6beKTOB HJIH 
MamiiHHoro ico/i,a Bbirjifl£HT pacTO'irn c./iijiio, oxo onpaB/raHO, nocKOJibKy aomchh npiuio- 
acemift pa3pa6aTbiBajnicb j\jih hsojihuhh; y CLR /pj./UKiia 6biTb B03M0acH0CTb Bbirpy3HTb 
UOmcii npHjioaceHHH h ocnooo/unbBeeero pecypcbi, HincaKHe3aTpoHyB ocxajibHbie % o- 
MCHbi. /J,y6jmpoBaHHe CTpyKTyp uaimiiix CLR oSecneuHBaex axy B03M0>Kii0CTb. KpoMe 
Toro, oho TaKace rapaHTiipyeT, hto npii Hcnojib30BaHiiii pa3HbiMii ppMeHaMH o/i,Horo Tima 
ciai n'iccKne iio.im 6ypyx aauaiiaxix'M ox/iejibHO /yin icaac/roro uoMCiia. 

HeKOTopbie c6opKii iipe/uiauiiaxeiibi /yin coBMecTHoro ncrio. ri>30 iuii ina pa3HbiMHflo- 
MeHaivni. JlyumHH npimep — c6opKa MSCorLib.dll, coa/pumaa b Microsoft. M.viemio eft 
npmia/paoKax Timbi System .Object, System. Int32 h upyrne Timbi, ncoTpcjniMbie ot 
.NET Framework. 3Ta c6opKa am oMaxHacciai 3arpyacaeTcn npn iiHiin,Hajiii3ari,HH CLR, 
ii /(OMeHbi npHJioaceHiiii cobmcciiio Hcnojib3yiOT ee Tirnbi. /fjm okoiiomiih pecypcoB 
MSCorLib.dll 3arpyacaeTCH KaK c6opKa, He CBiiaamiaii c KOHKpeTHbiM /iomciiom. 06b- 
eKTbi Bcex THnoB b 3Toii icyie 3arpy3HHKa h Becb MamiiHHbift koa mcxouois sthx TimoB 
cobmcctho iicnojib3yiOTCH BceMir /pxYteiia.viii npopecca. K coacaueimio, p,jih uocxriyiceima 
Bcex npeiiMymecTB ot coBMecTHoro Hcnojib30BaHim pecypcoB npiixo/uiTCH koc-mcm 
acepTBOBaTb: c6opKn, aaxpy>Kcimi<ie 6e3 npnBH3KH k uo.Yieiia.Yt, iie./ib.aM BbirpyacaTb js ,o 
3aBepmeHim npouecca. L/uiiicnsenmiiii cnoco6 BepHyTb pecypcbi — 3aBepmiiTb npo- 
uecc. 
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flocTyn k oSteKTaM U3 flpyrux aomchob 

Ko/l pacno. iO/Kcmiiiiii b o/iiiom yoMCne npLuioacemm, cnoco6eH B3aiiMO,a,eHCTBOBaTb 
c TimaMH h oo'beicia.wii npyroro yoMena. O/uiaiai /[.octyii k sthm TiinaM h o6 - beKTaM 

B03M05KCH TOJIbKO 'icpc.3 TIUaTCJIbHO OlipCaCJICIIIII.IC MexaHH3MbI. I I ])H MC/1.CI IHblH /PUICC 

npimep aeMOHCTpiipyeT npon,e,aypy C03p,aHHH noMeHa npiuioxcemin, 3arpy3Ky b Hero 
c6opKii h KOHCTpyripoBaHiie onpe/i,ejieHHoro b stoh c6opKe 3K3eMnjuipa THna. Kon hji - 
jiiocTpiipyeT pa3JiHHHoe noBe/Lemie npn KOHCTpyiipoBaHiin Tima, nepenaBacMoro nyTeM 
npo/tBiiacemiH no ccbijiKe h no 3HaneHino, a Taicxce Tima, KOTopbin BOo6me He ncnojib3yeT 
Mexami3M npoABHacemin. KpoMe Toro, pcMOiiCTpnpycTCH, KaK o6beKTbi, i[cpe/uimibic 
nocpe/i,CTBOMpa3Hbix BapnaHTOB ii|)0/i,iiH/KemiM, HC/iyr ce6a npn Bbirpy3Ke coa/pimnero 
hx aoMCHa npnjioaceHHH. B stom npimepe Majio Kona, 3aTO mhoto KOMMCHTapneB. 3aTeM 
cjieayiOT no/i,po6Hbie o6bHCHeHiiH, hto hmchho nenaeT CLR: 

private static void Marshalling() { 

// ["lo/iynaeM ccbmKy Ha AOMeH, b kotopom HCno/iHaeTCB BbiBbiBaiomwii nOTOK 
AppDomain adCallingThreadDomain = Thread.GetDomainQ; 

// Ka*flOMy flOMeHy ripncBanBaeTCfl 3HannMoe mma, o6aernaK)mee OTnaAKy 
// no/iynaeM hmb flOMeHa m BbiBOflHM ero 

String callingDomainName = adCallingThreadDomain.FriendlyName; 

Console.WriteLine( 

"Default AppDomain's friendly name={@}", callingDomainName); 

// no/iynaeM m bnboamm c6opKy b flOMeHe, coaepwauieM MeTOfl Main. 

String exeAssembly = Assembly.GetEntryAssembly().FullName; 

Console.WriteLine("Main assembly={0}", exeAssembly); 

// Onpefle^neM noKayibHyio nepeMeHHyio, ccbmamnymca Ha flOMeH 
AppDomain ad2 = null; 

// nPMMEP 1. flocTyn k o6beKTaM npyroro flOMeHa npnno>KeHHM 
// c npoflBkDKeHweM no ccbmKe 

Console.WriteLine("{0}Demo #1", Environment.NewLine); 

// Co3flaeM HOBbiM flOMeH (c TeMM xe napaMeTpaMM 3amnTbi h KOH())nrypnpoBaHHB) 
ad2 = AppDomain.CreateDomain("AD #2", null, null); 

MarshalByRefType mbrt = null; 

// 3arpy*aeM Hamy c6opKy B HOBbiii AOMeH, KOHCTpywpyeM o6beKT 
// m npoflBMraeM ero o6paTHO b Ham flOMeH 

// (b flewcTBHTe/ibHOCTH mn no/iynaeM ccbmKy Ha npeacTaBMTe/ib) 
mbrt = (MarshalByRefType) 

ad2.CreatelnstanceAndUnwrap(exeAssembly, "MarshalByRefType"); 

Console.WriteLine("Type={0}", mbrt.GetType()); // CLR HeBepHO 

// onpefle/iseT Tun 


// yGe^aeMCfi, hto no.nyHn.nM ccbmKy Ha o6beKT-npeflCTaBMTe/ib 
Console.WriteLine( 
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"Is proxy={0}", RemotingServices.IsTransparentProxy(mbrt)); 

// Bee Bbir/iflflMT Tax, xax 6yflTO mw BbBbiBaeM MeTOA 3x3eMnAnpa 
// MarshalByRefType, ho Ha caMOM ae/ie mn BbBbiBaeM MeTOA Tuna 
// npeACTaBHTe/ifi. HMeHHo npeACTaBHTeAb nepeHocniT noTOK b tot AOMeH, 

// B KOTOpOM HaXOAHTCfl 06 beXT, H BbBbIBaeT MeTOA AAA peaAbHoro o6bexTa 
mbrt. SomeMethod(); 

// Bbirpy>KaeM HOBbin AOMeH 
AppDomain.Unload(ad2); 

// mbrt ccbmaeTCA Ha npaBMAbHbiii o6bexT-npeACTaBHTenb; 

// o6beKT-npeACTaBHTe/ib ccbmaeTca Ha HenpaBiunbHbifi AOMeH 

try { 

// BbBbiBaeM MeTOA, onpeAe.neHHbiM b Tune npeACTaBMTenn 
// riOCKOAbKy AOMeH npMAO)KeHMii HenpaBMAbHblkij nOABAfleTCA MCKAKJHeHMe 
mbrt.SomeMethod(); 

Console.WriteLine("Successful call."); 

} 

catch (AppDomainUnloadedException) { 

Console.WriteLine("Failed call."); 

} 

// nPMMEP 2. flocTyn k o6texTaM Apyroro AOMeHa 
// c npoABn*eHMeM no 3HaHeHmo 

Console.WriteLine("{0}Demo #2", Environment.NewLine); 

// C03AaeM HOBblH AOMeH (c T3KHMH >Ke napaMeTpaMM 3aiHHTbl 

// m KOHc^MrypMpoBaHMAj xax b TexymeM) 

ad2 = AppDomain.CreateDomain("AD #2", null, null); 

// 3arpy>KaeM Hawy c6opxy b hobnm AOMeH, KOHCTpynpyeM o6bexT 
// w npoABkiraeM ero o6paTHo b Ham AOMeH 

// (B ABMCTBHTeAbHOCTM Mbl nOAyHaeM CCblAKy Ha npeACTaBMTeAb) 
mbrt = (MarshalByRefType) 

ad2.CreateInstanceAndUnwrap(exeAssembly, "MarshalByRefType"); 

// MeTOA B03BpamaeT KOnwo B03BpameHHoro o6bexTa; 

// npoABM>KeHne o6bexTa nponcxOAHAO no 3HaneHmo, a He no ccbmxe 
MarshalByValType mbvt = mbrt.MethodWithReturn(); 

// Y6e>KAaeMCA, hto mn HE no/iyHHAH ccbinxy Ha 06 bexT-npeACTaBMTeAb 
Console.WriteLine( 

"Is proxy={0}", RemotingServices.IsTransparentProxy(mbvt)); 

// Ka*eTCA, hto Mbi BbBbiBaeM MeTOA 3K3eMnnnpa MarshalByRefType, 

// m 3to Ha caMOM AeAe Tax 

Console.WriteLine("Returned object created " + mbvt.ToStringO); 

// Bbirpy>KaeM HOBbin AOMeH 
AppDomain.Unload(ad2); 

// mbrt ccbmaeTCA Ha AeiicTBHTeAbHbiii o6bexT; 
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614 QiaBa 22. Xocthht CLR u flOMeHbi npn/io>KeHHM 


// Bbirpy3Ka flOMeHa He niMeeT HmoKoro a^eKTa 
try { 

// BbBbiBaeM MeTOfl o6beKTaj MCK/noneHMe He reHepHpyeTCB 
Console.WriteLine("Returned object created " + mbvt.ToStringQ); 
Console.WriteLine("Successful call."); 

} 

catch (AppDomainllnloadedException) { 

Console.WriteLine("Failed call."); 

} 

// nPMMEP 3. flocTyn k o6beKTaM flpyroro flOMeHa 
// 6e3 ncno/ib30BaH hb MexaHH3Ma npoflBn>KeHMfl 
Console.WriteLine("{@}Demo #3", Environment.NewLine); 

// Co3flaeM HOBbiH AOMeH (c TaKHMH *e napaMeTpaMH 3amnTbi 

// w koh(()m rypnpoBaHnaj Kax b TexymeM) 

ad2 = AppDomain.CreateDomain("AD #2", null, null); 

// 3arpy*aeM Hamy c6opxy b HOBbiii AOMeH, KOHCTpywpyeM o6bexT 
// m npoflBkiraeM ero o6paTHO b Ham aomch 

// (b AewcTBHTe/ibHOCTH mn no/iynaeM ccbmxy Ha npeACTaBMTe/it.) 
mbrt = (MarshalByRefType) 

ad2 .CreateInstanceAndllnwrap(exeAssembly, "MarshalByRefType"); 

// MeTOfl B03BpamaeT o6beKT, npoflBn>KeHne KOToporo HeB03M0)KH0 
// TeHepHpyeTca HCK/noneHHe 

NonMarshalableType nmt = mbrt.MethodArgAndReturn(callingDomainName); 

// flo Bbino/iHeHHB 3 toto KOfla fle/io He AoiiAeT. . . 

} 

// 3K3eMn/iflpbi AOnycxaraT npoflBHweHine no ccbi/ixe nepe3 rpaHHLibi AOMeHOB 
public sealed class MarshalByRefType : MarshalByRefObject { 
public MarshalByRefType() { 

Console.WriteLine("{0} ctor running in {1}", 

this.GetType().ToString(), Thread.GetDomain().FriendlyName); 

} 

public void SomeMethodQ { 

Console.WriteLine("Executing in " + Thread.GetDomain().FriendlyName); 

} 

public MarshalByValType MethodWithReturn() { 

Console.WriteLine("Executing in " + Thread.GetDomain().FriendlyName); 
MarshalByValType t = new MarshalByValType(); 
return t; 

} 

public NonMarshalableType MethodArgAndReturn(String callingDomainName) { 
// riPMMEHAHME: callingDomainName mneeT aTpn6yT [Serializable] 

Console.WriteLine("Calling from '{0}' to '{1}'.", 
callingDomainName, Thread.GetDomain().FriendlyName); 
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NonMarshalableType t = new NonMarshalableTypeQ; 
return t; 

} 

} 

// 3K3eMn/inpbi flonycKaiOT npoflBkDKemne no 3HaMeHUK) nepe3 rpaHnpbi flOMeHOB 
[Serializable] 

public sealed class MarshalByValType : Object { 
private DateTime m_creationTime = DateTime.Now; 

// nPMMEHAHME: DateTime noMeneH aTpn6yroM [Serializable] 

public MarshalByValTypeQ { 

Console.WriteLine("{0} ctor running in {I}, Created on {2:D}", 
this .GetType(). ToStringO, 

Thread.GetDomain().FriendlyName, 
m_creationTime); 

} 

public override String ToStringO { 

return m_creationTime.ToLongDateString(); 

} 

} 

// 3K3eMn/iapbi He aonycKaioT npoflBkDKeHkie Me>Kfly flOMeHaMu 

// [Serializable] 

public sealed class NonMarshalableType : Object { 
public NonMarshalableType() { 

Console.WriteLine("Executing in " + Thread.GetDomain().FriendlyName); 

} 

} 

Co6paB H BbinOJIHIIB 3TO ll|)l1.TO>Kei[l1C, MbI IIO.Ty'IHM C.TC/l,VIOIUCC: 

Default AppDomain's friendly name= Ch22-l-AppDomains.exe 
Main assembly=Ch22-l-AppDomains, Version=0.0.0.0, 

Culture=neutral, PublicKeyToken=null 

Demo #1 

MarshalByRefType ctor running in AD #2 

Type=MarshalByRefType 

Is proxy=True 

Executing in AD #2 

Failed call. 

Demo #2 

MarshalByRefType ctor running in AD #2 
Executing in AD #2 

MarshalByValType ctor running in AD #2, Created on Friday, August 07, 2009 
Is proxy=False 

Returned object created Friday, August 07, 2009 
Returned object created Friday, August 07, 2009 
Successful call. 

Demo #3 

MarshalByRefType ctor running in AD #2 
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Calling from 'Ch22-l-AppDomains.exe' to 'AD #2'. 

Executing in AD #2 

Unhandled Exception: System.Runtime.Senialization.SenializationException: 

Type 'NonMarshalableType' in assembly 'Ch22-l-AppDomains, Vension=0.0.0.0, 

Culture=neutral, PublicKeyToken=null’ is not manked as senializable. 

at MarshalByRefType.MethodArgAndReturn(String callingDomainName) 

at Program.MarshallingQ 

at Program.MainQ 

is not marked as serializable. 

at MarshalByRefType.MethodArgAndReturn(String callingDomainName) 
at Program.MarshallingQ 
at Program.MainQ 

A Teiiepi. noroBopiiM o tom, utci nejiaeT dtot koh h KaK pa6oTaeT CLR. 

B MeTOne Marshalling a nepBbiM nejiOM nojiynaio ccbinKy Ha o6beKT AppDomain, 
KOTopbui HueHTiicjHmiipyeT homch npHjioaceHHH, rue b naHHbifi momcht BbinojiHHeTCH 
Bbi3biBaiomiifi noTOK. B Windows noTOK Bcerna coanacTO-i b KOHTeKCTe ohiioio npo- 
necca h npoBonHT b iicm bcio cboio >icn3»m.. O/uiaico mokhv noTOKaMii h no.Mena.Mii npn- 
.TOKCiiiiii OTcyTCTByeT o/uio.'iiia'inoe cootbctctbhc. /],OMeHbi ii|)ii.TO>iceimii othochtch 
k 4)yHKn,iiOHajibHOCTH CLR, Windows o hiix Himero He «3HaeT». TaK KaK b ohhom 
W indows-npon,ecce mo/i<ct cymecTBOBaTb HecKOjibKO homchob npiuioacemiii, noTOK 
mo/KCt b pa3Hoe lipe.vm BbinojiHHTb Ko/i pa3Hbix homchob. C to'ikh ape m i a CLR b ica/ic- 
Hbiii MOMeHT BpeMeHii noTOK BbinojiHaeT koh TOJibKO b ohhom H3 homchob npHjioHceHHH. 
IIotok moxcct 3anpocHTb y CLR, koh KaKoro homch b HeM BbinojiHaeTca b TCKymnii 
momcht, Bbi3BaB CTaTHnecKHH mctoh GetDomain KJiacca System. Threading. Thread hjih 
3anpociiB CTaTiinecKoe, npenHa3HaneHHoe tojimco hjih htchiih cbohctbo CurrentDomain 
KJiacca System.AppDomain. 

Co3H,aBaeMOMy noMCHy mohcho npiiCBOiiTb 3HmuMoe hmh — CTpoKy THna String, 
Hcnojib3yeMyio 3aTeM huh nncmn(|)iiKaimn. Oobimio oto 0Ka3biBaeTCH noHe3HbiM npn 
OTHanKe. TaK KaK cpena CLR coanacr ochobhoh homch ho BbinojiHemiH KaKoro-nudo 
Kona, b KanecTBe hmchii no yMOJinamiio depeTCH iimh ncnojiHHeMoro cjjaiijia. Moii mctoh 
M arshalling 3anpamiiBaeT hmh ochobhoto HOMeHa 'iepe.3 i[|:)C,Tiia.3iia'iem[oe tojimco 
hjih htciihh cbohctbo FriendlyName KJiacca System.AppDomain. 

/],ajiee, mctoh Marshalling 3anpamiiBaeT CTporoe hmh cdopKii (3arpyHceHH0ii 
B OCHOBHOH HOMeH), KOTOpOe OnpeHCHHCT TO'! KV BXOHa B MCTOH Main, BbI3bIBaiOmHH 
moh mctoh Marshalling. B otoh cdopKe onpenejieHO HecKOjibKO TimoB: Program, 
MarshalByRefType, MarshalByValType h NonMarshalableType. Tenepb paccMOTpHM 
Tpn bo MHoroM cxoHHbix Hpyr c HpyroM npiiMepa. 

ripMMep 1. Me>KflOMeHHoe B3anMOflencTBne 
c npoflBMJKeHneM no ccbmKe 

B nepBOM npimepe CTaTHnecKHH mctoh CreateDomain rana System. AppDomain Bbi3bi- 
BaeTCH, 'n oobi 3acTaBiiTb CLR coa/urri> hobmh homch npiuioHCCHiiH b tom >kc Windows- 
npon,ecce. Tun AppDomain npenocTaBjiHeT HecKOjibKO iiepeipy'/Kemibix Bepcnii .viciona 
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CreateDomain; a pckomcii/i,vio BaM uaynni, hx h Bbi 6 paTb Bepcmo, KOTopaa 60 . 11 ,me 
Bcero i io/lo ii/i,CT BaM npn naniicauiiH icoaa coa/youa HOBoro AO.vteoa. Moa Bepciia stoto 
M eraaa HMeeT Tpn apryMeHTa: 

□ CTpoKa String coaepacHT ;sna'ui.\toe HMa aaa HOBoro AOMcna. H nepeaaio eii 3Ha- 
aemie "AD #2". 

□ ApryMeHT System. Security. Policy. Evidence coaepacHT noaHraicy, KOTopyio 
AOJiacHa Hcnoab30BaTb cpeaa CLR rj ia BbiaHcaeHiia Ha 6 opa pa 3 pemeHiiii a,jia ao- 
MeHa. B 3 tom apryMeHTe a nepeaaio aiia'ieime null, 'ito 6 i,i HOBbiii ao.Yien npiuio- 
>iceimii iiacjicaoiiaa tot ace Ha 6 op pa3pemeHiiii, oto h poAHTeabCKiiii. Oobomo aaa 
coa/uuma 3amiiTHOH rpaHimbi BOKpyr icoaa AOMeHa npiiAoaceHiiii KOHCTpynpyiOT 
o 6 beKT System. Security. PermissionSet, eoaaaiOT b iicm neooxoauMbie o 6 beKTbi 
pa3pemeHiiii (3K3eMiuiapbi thiiob, KOTopbie peaaii3yiOT iiHTepcjieiic IPermission), 
a 3aTeM nepeaaiOT ccbuncy Ha pe 3 yabrapyiomiiii o 6 beKT PermissionSet neperpy- 
aceHHoii Bepcini MeToaa CreateDomain, npiiHiiMaiomero PermissionSet. 

□ ApryMeHT System. AppDomainSetup 3aaaeT napaMeTpbi KOHc]iiirypiipaii,iiii, KOTopbie 
cpeaa CLR aoaacHa npiiMeHiiTb k HOBOMy AOMCHy. H 3 aecb a nepeaaio 3 Haaemie null, 
hto 6 w HOBbiii aoMCH npiiAOAceHiia HacjieaoBaji KOHifnirypauino poAHTeabcicoro. Hto- 
6 bi aoMeH noayaiui oco 6 yio KOHcjairyparpno, Haao C03aaTb o 6 beKT AppDomainSetup, 
3aaaTb ero CBOHCTBa Tpe 6 yeMbiM o6pa30M, a 3aTeM nepeaaTb b mctoa CreateDomain 
ccbuiKy Ha pe 3 yabTHpyiOHiHH o 6 beKT AppDomainSetup. 

Koa MeToaa CreateDomain co 3 aaeT HOBbiii aomch b npon,ecce. 3TOMy AOMeHy npii- 
CBariBaeTca 3HaaHMoe iimh, a Taicace napaMeTpbi 3amHTbi h KOH(J)iirypaii,iiii. y hoboto 
ao.viena ecTb co 6 cTBeHHaa icyia ;saipv3'uiica, KOTopaa noica nycTa, noTOMy 'no b Hero 
He 3 arpyaceHO hii o/uioii c 6 opicii. I Ipn coa/pi imu ao.Ytena cpeaa CLR He coaaacT b HeM 
HiiKaKiix noTOKOB; TaM He BbinojmaeTCH Hincaicoii koa, noxa bbi hbho i ic 3acTaBiiTe noTOK 
Bbi3BaTb koa AOMeHa npruioaceHiiH. 

Tenepb, HTo6bi noayaiiTb 3K3eMnjiap o6beKTa b hobom AOMeHe, Haao CHaaaaa 
3arpy3iiTb Tyaa c6opKy, a 3aTeM co3AaTb 3K3eMnaap onpeaeaeHHoro b stoh c6op- 
Ke Tima. Hmchho 3tii onepaumi h BbinoaHaeT OTKpbiTbifi 3K3eMnaapHbiii mctoa 
C reatelnstanceAndUnwrap KaaccaAppDomain. STOMy MCToay nepeaaiOTCH asa apryMCH- 
Ta: CTpoKa String, HaeHTinjiimiipyiomaH c6opKy, KOTopyio caeayeT 3arpy3iiTb b HOBbiii 
AOMeH (Ha Hee ccbuiaeTca nepeMeHHaa ad2), h CTpoKa String, coaepacamaa HMa Tima, 
3K3eMnaap KOToporo Haao C03aaTb. Mctoa CreatelnstanceAndUnwrap 3acTaBaaeT 
Bbi3biBaiomini noTOK nepeiira 113 Teicymero AOMeHa b HOBbiii. Tenepb noTOK (KOTopbiii 
BbinoaHaeT bm30b CreatelnstanceAndUnwrap) 3arpyacaeT yKa3aHHyio c6opKy b hobwh 
AOM eH, a 3aTeM npocMaTpiiBaeT Ta6aim,y MCTaaaHHbix c onpeaeacHiiaMii TiinoB c6opKii 
b noncKax yKa3aHHoro 111 ria (MarshalByRefType). 06HapyauiB HyacHbiii ran, noTOK 
Bbi3biBaeT KOHCTpyKTop MarshalByRefType 6e3 napaMeTpoB 11 B03BpamaeTca o6paTHO 
b OCHOBHOH AOMeH, HTo6bi MeTOA CreatelnstanceAndUnwrap mot BepHyra ccbiaKy Ha 
HOBbiii o6beKT MarshalByRefType. 
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CymecTByiOT neperpyxem-ibie Bepcnn CreatelnstanceAndllnwrap, KOTopbie no3BO/iniOT 
Bbi3biBaTb KOHCTpyKTop Ti/ina c nepeflaneti apryMeHTOB. 


O/piai/o Bee He TaK pa/iya/HO, KaK Mor/io 6bi noKa3aTbcn. Bc/i,Fj CLR He iio.'sho./imct 
nepeMeHHofi (Kopmo), iiaxo/pnuchcM b 0/1,1 iom /[.omciic, ccbuiaTbca Ha06'beicr h 3apyroro. 
Ecjih 6bi mcto/i, CreatelnstanceAndUnwrap npocTO BepHy/i ccbuiKy Ha o6beKT, oto Ha- 
pynmjio 6bi nao./iMiuiio, a ise/ib n.vieimo pa/pi Hee coa/iaisa./iiiob /lo.vtcii iii! I Io.otomv Heno- 
cpeACTBCHHO nepe/i B 03 BpameHHeM ccbuiKii Ha o6beicr mcto/i, CreatelnstanceAndUnwrap 
Bbino/iHHeT HeKOTopbie /toiio.minc/ibiibic onepan,HH. 

06paTHTe BHiiMaHne, 'no ran MarshalByRefType iiac/ic/iyeT ot cnoniia./ibiioro 
6a30Boro KJiacca System.MarshalByRefObject. 06HapyacnB, hto mcto/i, Create¬ 
lnstanceAndUnwrap Bbino/iHJieT npo/iBHaceHiie o6beKTa Tima, npoH3BO/i,Horo ot 
MarshalByRefObject, CLR Bbino/iHueT npo/iBHSceHHe o6beKTa no ccbuiice b apy- 
roii AOMeH. IIohchio, hto 03HanaeT npoABusceHiie o6beKTa no ccbuiKe H3 oahoto 
AOMeHa (b KOTOpOM o6beKT 6bIJI C03/I,aH) B APyrOH (b KOTOpOM BbI3bIBaeTCH MCTO/I 
CreatelnstanceAndUnwrap). 

Korya /pjMCiiy-iiCTO'iimicy iiy/Kiio ricpc/tarccbuiKy Ha o6beKT b i/e/ieBOH yo.vieii 
npHjiojKeHHH hjih BepHyTb ee o6paTHO, CLR onpe/tejiaeT b Kyne 3 arpy 3 HHKa 3toto 
AOMeHa Tim npedcmaeumejix (proxy). 3tot ran onpeye/nieTCH nocpcycmo.M MCTa/uni- 
Hbix ncxoynoio THna, npe/jCTaBHTe/ieM KOToporo oh hbjihctch, iiootomv isbir/iM/pn oh 
B TOHHOCTH KaK HCXOflHblH THn — y I [CIO COmia/l.aiO'1' BCC 3 K 3 eMnjIHpHbie HJieHbl (cboh- 
CTBa, CoflblTIIM H MCTO/P)[). 3 K 3 eMnjUipHbie IIO.IM K THny He OTIIOOITCSI, HO 06 3 TOM MbI 
noroBopiiM nyra no 3 »ce. B hobom rane yeHCTBHTejibHO onpe/iejiHiOTCH HeKOTopbie 
aiz.ae.Mii.iMpiibic 110./1 a, ho OHii He H/ieimniibi 110.1 mm ncxoynoio THna yamibix. Bmccto 
3 T 0 T 0 3 TH IIO.IM yKa 3 bIBaiOT, KOTOpblH H 3 /JOMeHOB «ll.;ia/l,CCT» peajIbHbIM o6beKTOM H KaK 
Haiira 3tot o6beKT b yo.Meiie-ii.iaye.ibnc. (BHyTpeHHe o6beKT-npeACTaBHTenb ncno.ib- 
3yeT aicse.Mii./iMp GCHandle, KOTopbifi ccia./iacroi Ha pea./ibiibm o6beKT. Tun GCHandle 
o6cy>K/i,aeTC>i b r/iaiic 21 ). 

Ilocjie onpeye/ieHira 3Toro rana b pe/ieBOM yoMCHe mcto/i, CreatelnstanceAndUnwrap 
coa/iaer 3K3eMnji5ip Tima iipe/iCTaisriTC/iM, HHHpnajiH3HpyeT ero iio/im TaKiiM o6pa- 
30m, HTo6bi ohh vKasbiiia/in Ha yoMeiioiCTO'iimii h pea/ibHbiii o6beKT, h B03Bpain,aeT 
b n,ejieBOH yo.MCii ccbuiKy Ha ooiaa/ToipeycTamiTe/ib. B mocm BapnaHTe noya Ha 3tot 
npe/iCTaBHTejib ccbuiaeTCH nepeMeHHan mbrt. IIpn stom B03Bpam,eHHbiH mctoaom 
CreatelnstanceAndUnwrap o6beKT hc hbjihctch 3K3eMnjiapoM rana MarshalByRefType. 
06biHHO CLR He pa3pemaeT npiiisc/iciiiic k iiccoiiMCCTn.MbiM Tniia.vi, oynaizo b stoh ch- 
TyapHH npeo6pa30BaHiie libiiio.iiiMeTCM, noTOMy tio 'uieiibi aicse.Mii./iMpob noiiom h hc- 
xoynoio TimoB comiayaiOT. B cymHOcra, ecini bbi ncnojib3yeTe o6beKT-npe/i,CTaBHTejib 
/pin Bbi30Ba MeTO/i,a GetType, npeycTaBHTejib bboaht Bac b 3a6ny>K/i,eHHe, npeycTaBJiHacb 
o6beKTOM MarshalByRefType. 

BnponeM, npn >KCJiaiiHH mo/kho y3HaTb, hto o6beKT, B03Bpam,eHHbiH mctoaom 
CreatelnstanceAndUnwrap, b peajibHOcra HB/iaeTca ccmjikoh Ha o6beKT-npe/i,CTaBHTejib. 
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JXjih 3Toro Mbi iicii(). ; ip>3»ycM OTKpbiTbiii CTaTH^ecKHH mcto/i, IsTransparentProxy Tima 
System.Runtime.Remoting.RemotingService, KOTopoMy b KanecTBe napaMeTpa 
iicpe/tacTCM ccbuiKa, B03BpameHHaa mctoaom CreatelnstanceAndUnwrap. Ecjih mcto/i, 
IsTransparentProxy B03BpamaeT .sna'icimc' true, 3HaHHT, o6beKT hbjihctch npeACTa- 
BHTe/ieM. 

HTaK, moc npiuioacemie ncnojib3yeT npe/tCTaBiiTCJiH aah Bbi30Ba MeTO/ia SomeMethod. 
Tax KaK nepcMCHHaa mbrt ccbuiacTca Ha o 6 bCKT-npe/i,CTaBHTejib, Bbi3biBaeTca pcaAnaanna 
3toto MCTO/ia b npe/i,CTaBHTejie. B ncii nncj)op.vianiia H3 110 ,/icii o 6 beina -11 pcACTa is htcji a 
Hcnojib3yeTCH HanpaB/ieHHH Bbi3biBaiomero noTOKa H3 ochobhoto /lOMCiia npn- 
jioaceHim b HOBbni. Tenepb jno 6 bie /iciicmua otoio noTOKa m.iiio. inaimca b kohtckctc 
6e3onacHOCTii h kot 1 cjw rypa 11 11 h hoboto AOMCHa. /]ajiee noTOK ncnojib3yeT no/ie GCHandle 
06 'bcicra- 11 pe/icraisHTC./Ia jyia noncKa b hobom aomcfic pcaaibiiom o 6 bCKTa, nocaie aero 
Bbi 3 biBaeT aah Hero mctoa SomeMethod. 

EcTb Asa cnoco6a y3HaTb, hto 3anpamiiBaiomiiii noTOK nepemeA ot ocHOBHoro k hobo- 
My AOMCHy. Bo-nepBbix, b mctoac SomeMethod h Bbi3biBaio mctoa Thread .GetDomainQ . 
FriendlyName. B pe3yAKraTe B03BpamaeTCH AD #2 (hto noATBepacAaeTca BbixoAHbiMH 
AaHHbiMH), TaK KaK noTOK Tenepb bbiiio. inacica b hobom aomchc, co3AaHHOM mctoaom 
AppDomain. CreateDomain c napaMeTpoM AD #2 b KanecTBe 3HanHMoro hmchh. Bo- 
BTopbix, npn nomaroBOM BbinojiHeHim KOAa b OTAAAHHKe c OTKpbiTbiM okhom Call Stack 
CTpoKa [AppDomain Transition] OTMenaeT nepexoA noTOKa nepe3 rpaHimy MeacAy 
AOMeHaMii (puc. 22.2). 



// can ba aartMeled-by-retfemoce Krau i 
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Puc. 22.2. flepexofl Me>K/],y AOMeHaMn b OKHe OT/iaAHHKa Call Stack 


KorAa peaabHbiH mctoa SomeMethod B03BpamaeT ynpaBAeraie MeTOAy SomeMethod 
npeACTaBHTeaa, tot nepenpaBJiaeT noTOK o6paTHO b ochobhoh aomch, b kotopom h npo- 
AOAacaeTca BbinojmeHiie koaa. 
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Korfla noTOK b oahom AOMeHe Bbi3biBaeT mgtoa APyroro AOMeHa npn/ioxeHi/in, noTOK 
nepexoAHTOTAOMeHa KAOMeHy. 3 to 03HaHaeT, hto Bbi30Bbi MeTOAanepe3 rpam/ipy Mexcay 
AOMeHaMM npn/ioxeHna Bbino/iHHiOTCH chhxpohho. OAHaxo cnmaeTCfl, hto b xaxAbiM 
MOMGHT BpeMGHM nOTOK HaXOAHTCfl TO/lbKO B OAHOM AOMeHe. BbinOJIHeHMa KOAa B He- 
CKO/ibKMx AOMeHax npi/uioaceHHti OAHOBpeMeHHO npnaeTca C03AaBaTb Aono/iHme/ibHbie 
nOTOKH H 3aCTaB/lHTb HX BbinO/lHflTb Hy>KHblM KOA B Hy>KHblX AOMeHax. 

/la.'iec Moe ii|)ii.TO>i(eiinc Bbi 3 biBaeT OTKpbiTbiii CTaTTi'iccKTiii mcto/i. Unload Tuna 
AppDomain, hto6m 3acTaBHTb CLR Bbirpy3HTb yica3aHHbiH aomcii BMecTe co lice.vi h 
3 arpyaceHHbiMH b Hero c6opKaMH. OAHOBpeMeHHO HHHipiHpyeTCH y6opKa Mycopa /[.ais-i 
ocBo6oacAeHHH Bcex o6beKTOB BbirpyacaeMoro AOMeHa. Ha atom 3 Tane nepeMCHHaa mbnt 
ocHOBHoro AOMeHa Bee em,e ccbi.iacTCH Ha HyacHbift o6beKT-npeACTaBHTejib; OAHaKO 
caM oot.ckt- i i pc/icra ii htcji i, oo.Tbiiie He ccbuiaeTca Ha i iv>k'iih ii aomcii npHjioaceHHH 
(nocKOJibKy tot yace BbirpyaceH). KorAa ochobhoh aomch nbiTaeTca ticnoAb 30 BaTb 
o6beKT-npeACTaBHTejib aah Bbi 30 Ba mctoah SomeMethod, Bbi 3 biBaeTGH pea.Tii.'iaiiHM stoto 
M eTOAa, oiipcACACimaM b npeACTaBHTeAe. Pca.Tii 3 aniia npeACTaBHTeAH bmhchhct, hto 
AOM eH 11 |)it./io>kci inii, b kotopom iiaxoAH-TCH peanbHbifi oot.c kt, yace BbirpyateH, h mctoa 
S omeMethod reHepupyeT HCKAroneHiie AppDomainUnloadedException, rmcjropMHpyH 
BbI 3 bIBaiOmHH KOA O HeB 03 M 0 ACH 0 CTH Ii 1)1110.T I K‘l 1II H Onepail,HH. 

KaK BHAHTe, KOMaHAa pa3pa6oTHHKOB CLR b Microsoft npoAenana orpoMHyio pa6oTy, 
HTo6bI o6eCneHHTb H 30 JIM 1 I.HTO AOMCHOB nptlAOHCeHHH. H 3 TO AOAO HCKAIOHHTeAbHOH Baac- 
HOCTH, TaK KaK AAHHajI <f)VI[KILIIOI[a.. l I)11 OCTlj lice aKTHBHee HCIIO.Tb.ayCTCM npn pemeHIIH 
noBceAHeBHbix aa/pi't. lie no, hto AOCTyn k 06'bcina.vi 'iepc .3 rpaHiin,bi aomohob nocpeA- 
ctbom npoABnaceHiia no ccbiAKe ciiM 3 .au c 11c KOTopofi noTepeft npori 3 BOAHTeAbHOCTH, 
IIOOT'OMV HCIIO.TI. 3 .()liailHC TaKI-IX Onepan,HH HaAO CBOAHTb K MHHHMyMy. 

H ooema.T noApo6Hee paccKa 3 aTb 06 oicacMii.TMpiibix iio.tmx. Ohii onpcACAM iotcm 
b Tune, npori 3 BOAHOM ot MarshalByRefObject, OAHaKO He hbahiotch nacTbio npeACTaBii- 
tc.th ri OTcyTCTByiOT b o6beKTe-npeACTaBHTejie. KorAa bm raimeTe koa, HHTaiomHH h H 3 - 
mctihioihhh 3HaHeHiia noaeir 3K3eMnaapoB rana, npoii 3 BOAHoro ot MarshalByRefObject, 
JIT-KOMmuiHTop reHepnpyeT koa, nciiOAb.ayioiUHH o6beKT-npeACTaBHTeab (hto6m 
H afiTH pca. ibiibic AOMeH h o6beKT), ii 1,131,1 raa cootbctctbchho mcto/i, FieldGetter hah 
FieldSetter Kaacca System .Ob ject. 3 to 3aKpbiTbie h HeAOKyMeHTHpoBaHHbie mctoai.i; 
b cymHOCTii, aah chut biisamiH h 3 anncH 3 HaHeHiiii b i io./ic b hiix ncno./ibsycTCM OTpaaceHiie. 
TaK hto xoth Bbi h tiMeeTe AOCTyn k noAHM Tima, npoH 3 BOAHoro ot MarshalByRefObject, 
npOH 3 BOAHTeAbHOCTb OT . 9 TOIO CTpaAaeT OCo6eHHO CIIAbHO, nOTOMy HTO AAH TaKOrO AO- 
CTyna epeAe CLR ll|)HXO/PTTCM BbI 3 bIBaTb MCTO/I,l,l. npOH 3 BOAHTeAbHOCTb 3 HaHHTeAbHO 
CHriataeTCH, Aaace ccah o6beKT, k KOTopoMy nponcxoAHT o6pameHiie, iiaxo/pcrcH b ao- 
KaAbHOM AOMeHe npHAoaceHHri 1 . 


1 Ecaii 6h cpeaa CLR TpeboBaaa 3aKpbiT0CTH Bcex noaeii (hto peKOMeHAyeTCH aah xopomeft 
HHKancyAHirmi), MeTOAbi FieldGetter 11 FieldSetter He aoaachm 6biAH 6 h cymecTBOBaTb. B HTore 
K nOAHM OCTaACH 6bl TOAbKO HenOCpeACTBeHHblH AOCTyn 113 MeTOAOB, HTO H36aBHAO 6bl Hac OT 
nOTepb npOH3BOAHTeAbHOCTH. 
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4T06bl npOfleMOHCTpupOBaTb, CKOJlb 3HaHMTe/lbH0M MOXeT 6blTb nOTepa npOM3BOflmeJlb- 
hoctu, a Hannca/i c/ieflyiOLnnM koa: 

private sealed class NonMBRO : Object { public Int32 x; } 

private sealed class MBRO : MarshalByRefObject { public Int32 x; } 

private static void FieldAccessTiming(){ 
const Int32 count = 100000000; 

NonMBRO nonMbro = new NonMBRO(); 

MBRO mbro = new MBRO(); 

Stopwatch sw = Stopwatch.StartNew(); 

tor (Int32 c = 0; c < count; C++) nonMbro. x++; 

Console.WriteLine("{0}", sw.Elapsed); // 00:00:00.4073560 

sw = Stopwatch.StartNew(); 

for (Int32 c = 0; c < count; C++) mbro.x++; 

Console.WriteLine("{0}", sw.Elapsed); // 00:00:02.5388665 


flodyn k 3K3eMn/inpH0My no/no K/iacca NonMBRO, npou3BOAHoro ot K/iacca Object, 
3aHaa oko/io 0,4 cexyHAbi, b to BpeMM xax p/m AOdyna k Knaccy MBRO, npou3BOflHOMy 
ot MarshalByRefObject, noTpeboBanocb 2,54 ceicyHAbi. KaK swpyne, bo btopom c/iyiae 
npopecc 3aHB/i b 6 pa3 6o/ibuje BpeMeHn! 


HaKOHeu,, c tohkh 3peHiia yAodcTBa Hcnojib30BaHiia b npoH3BOflHOM ot 
MarshalByRefObject THne He cmcavct onpeAeanTb Kamie-ando ciaiii'iecKTie 'ltciii.i. 
/[GAO B TOM, HTO K CTaTHHCCKIIM M.TCI ia\l ICC 1/1,3 OOpail [aiOTCM B KOHTeKCTe BbI3bIBaiOmerO 
AOMeHa npHjiojKeHHH. HiiKaKoii iicpcvia'i n mc/kav AO.vicua.vin 6biTb He mo>kct, nocKoabKy 
HHcjtopMaiiiiH o uejieBOM AOMeHe coacpachtch b o6beKre-npeACTaBHTeae, ho TaKoii o6beKT 
npn Bbi30Be CTaTHaecKoro 'i/ieua nonpocTy OTcyTCTByeT. MoAeab nporpaMMiipoBaHiiH, 
npeAycMaTpiiBaiOHiaH BbinojiHemie CTaTimecKiix uachob Tima b oahom aomchc, b to Bpe- 
mh KaK 3K3eMnjiapHbie 'iacm>i isi.ino. iiiMiorca b ApyroM, 6bma 6bi o'tem. iicyAa/tiion. 

TaK KaK BO BTOpOM AOMeHe OTCyTCTByiOT KOpHII, HCXOAHblli o6beKT, Ha KOTOpblli 
ccbuiajica npeACTaBHTejib, MoaceT 6biTb OTnpaBaeH b Mycop. Pa3yMeeTca, sto — He 
HAeaabHbiii noAxoA. Oahako ecan fiecKOiic'ino xpaHHTb hcxoahmh o6beKT b naMHTH, 
oh ocraiiCTCTi TaM Aaace nocae ynaaciiTiH npeACTaBHTCAH, tio Toace He oueiib xopomo. 
B CLR 3Ta njioo.TCMa peinaciCM npn noMomu ducnemuepa apendbi (lease manager). 
Co3AaB aah o6beKTa npeACTaBiiTeab, CLR coxpaiiMCT o6beKT b TeneHiie 5 MimyT. Ecah 
3a 3to i i pc mm uepc.3 npeACTaBHTeab hc nocaeAOBaao hii oahoto Bbi30Ba, o6beKT deaumu- 
eupyemca (deactivated) h ocBo6oacAaeT naMHTb npn caeAyromeii ydopKe Mycopa. Ilocae 
KaacAoro Bbi30Ba 06'bcina AncneTnep ofmoii.iMCT ero cpoK apeHAbi, b pe3yabTaTe ofrbcicr 
rapaHTiipoBaHHO oci acTCM b naMHTH eme 2 MimyTbi h ToabKO noTOM AeaKTiiBiipyeTCH. 
npn nonbiTKe Bbi3BaTb ncpca npeACTaBHTeab 06'bcicr c HCTeKmiiM cpoKOM apeHAbi CLR 
reHepnpyeT HCKaioneHiie System. Runtime. Remoting. RemotingException. 
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J\jir nepeonpeaejiCHiia 3a/iaHHoro no yMOJinaHino BpeMemi b 5 n 2 MHHyTbi iicnojib3yrT 
Te BiipTyajibHbiH mcto/i, InitializeLifetimeServices rana MarshalByRefObject. /],o- 
i io./i 11 htc./i ra iv io mic])op\iaiimo no/laimori tcmc bm moacctc nairrn b S I) K-/i,OKyMem ami ti 
Ha .NET Framework. 

ripiiMep 2 . Me>KflOMeHHoe B3anMO,qeMCTBne 
c npoflBM>KeHMeM no 3HaHeHmo 

3tot nprmep noxoac Ha npeAbmymHH. B i ic.vi tohho TaK ace coa/iac'ica BTopofi aomch 
npiuioaceHirii. 3aTeMBbi3biBaeTca mcto/i CreatelnstanceAndUnwrap ajih 3arpy3Kii Toii 
ace c6opKii b hobmiiaomcii ii C03/ianHH b next aicsixYtii./mpa o6beKTaMarshalByRefType, 
/[ajiee CLR co3/i,aeT /pin o6beKTa iipc/iCTaiiinc./ib, h nepeMeHHOti mbrt (b ochobhom yo- 
MeHe) npriCBariBaeTCH ccbunca Ha Hero. Tenepb npn no.vioiun coa/iarmoro npeACTaBHTejiH 
h Bbi3biBHio mcto/i, MethodWithReturn. 3 tot mcto/i, 6e3 napaMeTpoB 6ya,eT BbinojiHCH 
b hobom AOMeHe, a nepeA tcm icaic BepHyTb ccbuiKy Ha o6beKT ocHOBHOMy Aovieny, oh 
coa/iacT 3K3C.vni./iM|) Tima MarshalByValType. 

Tim MarshalByValType HeaBaaeTca npoii3BOAHMM ot System. MarshalByRef Object, 
a 3HamiT, CLR He MoaceT onpe/teaiiTb Tim i[pc/iCTamiTC./m /yia coa/ianmi ero 3K3eMnaapa; 
to ecTb o6beKT Heab3H npoABimyTb no ccbMKe 'icpe.'i ipammy Ao.viena. 

O/piaico fuiaro/iapa iia/iirinio y Tima MarshalByValType HacTpaimaeMoro aTpn6yTa 
[Serializable] mcto/i, MethodWithReturn MoaceT BbinoamiTb npoABiiAceHiie o6beKTa 
no .siia'iemiio. Ceiriac mm noroBopriM o tom, tio nporicxoAHT npn iipo/usuaccmm o6b- 
eKTa no .ma'iemt io H3 oahoto /lo.viena (ucxo/uiom) b /ipyroii (ne.aciioii). A /lono.imi- 
TejibHyio riH(|)opMaH,Hio o MexaHii3Max cepiiaaH3an,ini n ACcepiia. : Hi;:saii,iii-i bm HaiiAeTe 
b raaBC 24. 

Kor/ia iicxo/iiio.viy /lo.vieiiy HyacHO nepe/iaTb ccbi./ncy Ha o6beKT b ne./iciioii admit i 
(hjih B03BpaTHTb ccbmKy H3 peAeBoro AOMeHa), CLR cepnaari3yeT 3K3eMnjmpHbie 
nojiH o6beKTa b 6afiT0Bbiir MaccriB, KOTopbiii 3aTeM KomipycTcri. 1 Iocac 3Toro CLR 
/iccepiia./m.3yc'[' 6aHT0BbiH MaccriB b hcjicbom aomchc. 3to m.myac/iac'i' CLR 3arpy3iiTb 
b HC.ieisoii MaccriB c6opKy (ecAii OHa eme He 3arpyaceHa), b KOTopofi impc/icaeii /iece- 
priajni30BaHHbiii Trm. /[a.iec CLR coa/iacT 3K3e.vm.Trip Trma n nc 110 .Th. 3 ycT ana'iemi a H 3 
6afiTOBoro Maccrma at a rmrm,Hajrri3au,riri no./icii o6b«CTa TaK, hto6m ohii iio.moi'Tbio 
comia/iajin co .sna'iiTimiMii ucxo/iiiom o6beKTa. M naae roBopa, CLR AC/iaer tothyto 
K onriio ricxoAHoro o6beKTa b hcjichom AO.viene. 3aTeM mcto/i MethodWithReturn bo 3- 
BpamaeT ccbuiKy Ha 3 Ty Konriio; b peay./mrai'C Ham o6beKT OKaabiiiacTcri npoABimyTMM 
no ana'iemi io 'icpea rpammy Ao.viena. 

BHMMAHME 

npn 3arpy3Ke c6opkm CLR ucnoab3yeT noanTHKn n KOHcbnrypapmo peaeBoro AOMeHa 
(b nacTHOCTn, y AOMeHa npnaoxeHnii MOxeTbbiTb APyroOi KaTaaorAppBase nan nHcbop- 
Mapnn o nepeHanpaB/iemii/i Bepcni/i). 3 th pa3anHnn b noamnKax MoryT noMeiaaTb CLR 
b noncKe cbopKii. Ecan cbopxy 3arpy3HTb He yAaeicn, B03HHKaeT ucKaiOHeHne, a peaeBOM 
AOMeH npnaoxeHnn He noaynaeT ccwaKy Ha obteKT. 
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Ha 3tom .'rrane o6 - beKTbi b hcxoahom h n,ejieBOM ;i,OMCiiax cymecTByioT He3aBHCHMO 
Apyr ot apyra, ipo.3TO.viy hx coctohhiih Taioicc MoryT MeHHTbca He3aBHCHMO. Ecjih b iic- 
XOAHOM /tOMCIIC HeT KOpHeH, Pip(7P,OXpailH IOIHHX HCXO/lllbl H o6 - beKT OT yHHHTOaCCHHH 
y6opmiiKOM Mycopa (KaK b co3a,aHHOM mhoio npiuioacemm), ero naMHTb 6y,n,eT ocbo- 
6oac/teHa npn cjie,a,yiomeH y6opKe. 

Hto6m ySe/iHTbCH, hto o6beKT, B03BpameHHbiii MeTOAOM MethodWithReturn, He 
HBjuieTCH ccbijiKoft Ha ()6 'p>c ici -11 pe/y'iaiiiric.ib, Moe npiuioacemie Bbi3biBaeT otkpm- 
Tbifi CTaTHHecKHH MeTOA I sT r a s pa rent Proxy Tima System. Runtime. Remoting. 
RemotingService, nepe/taBaa eMy b KanecTBe napaMeTpa ccbijiKy, B03BpameHHyio 
MeTOAOM MethodWithReturn. KaK bit/iito h 3 pe3yjmraTOB pa6oTbi nporpaMMbi, mctoa 
IsTrasparentProxy B03BpamaeT .iiia'ieime false, oaua'iaioiucc, hto o6beKT mh.ihctch 
peajibHbiM o 6 beKTOM, He iipe/Koaiane/iCM. 

HTaK, mom nporpaMMa iiciio.TP>3»ycT peajibHbiii o6beKT /p,.;p^i Bbi30Ba mcto/pi ToString. 
TaK KaK ipepeMeiiiiaH mbvt ccbijiaeTca Ha peajibHbiii o6beKT, Bbi3bmaeTca peajibHaa 
peajiH3aii,iiH 3Toro mcto/pi h HHKaKHX nepexoAOB mopc/iv ;i,o.\ieii;iMii npnjioaceHHH He 
nponcxoAHT. 3to jienco npoBepiiTb, ii|)oaiia./iii3ii|:)()baii iii[(})op.\iaip,nio b OKHe Call Stack 
OTjiaAHHKa: crpoKa [AppDomain Transition] TaM He noaBHTca. 

L l too i)i 6 ojiee y 6 e/p,nTejii>iPo ji,0Ka3aTb, hto sto He iipc/i,ciaiiii'ie.;ib, Moe npiuroacemie 
BbirpyacaeT hobmh ;i,OMeii, nocjie aero nbiTaeTca CHOBa Bbi3BaTb mcto/p, ToString. B ot- 
jimme ot npimepa 1 Ha ceii pa3 3anpoc ycneuiHO BbinojmaeTCH, noTOMy hto Bbirpy3Ka 
HOBoro /[.o.MCiia HiiKaK He h. iiimc i Ha o 6 beKTbi, pacnojioaceHHbie b ochobhom /[.o.vieiie, 
B TOM HHCJie Ha o 6 beKT, npOABIIHyTblH no 3HaHeHIHO. 

ripnMep 3. Me>KflOMeHHoe B3anMOflehcTBiie 6e3 npoflBM>KeHMfl 

3tot npHMep O'leiii) noxoac Ha onucaHHbie paHee npiiMepbi 1 h 2. Tohho TaK ace C03- 
AaeTCH HOBbiii /[.omcii, nocne nero BM3MBaeTca mcto/p, CreatelnstanceAndUnwrap /p,./p^p 
3arpy3KH toh ace c 6 opKii b HOBbiii /pomoii npHjioaceHHH h coa/tanna b HeM o 6 beKTa 
MarshalByValType. I lepe.vieiPiiaM mbrt ccbijiaeTca Ha iipe/pcTaiuiTC.Tb stoto o 6 beKTa. 

3aTeM nepe3 stoto npe/tCTaBHTejiH a Bbi 3 biBaio Mera/p MethodArgAndReturn, npn- 
HiiMaiomiiH 0 / 1,1111 apryMeHT. TaK KaK cpe/pa CLR jpo/iama KOHTpojmpoBaTb ii;so.tmipiiio 
flOMCHa, OHa He MoaceT npocTO nepe/paTb ccbuiKy Ha apryMemr b hobmh jpoMeH npiuioace- 
hhh. /jjia o 6 beKTa, npima/uieacamero k THny, npoii3BO/i,HOMy ot MarshalByRefObject, 
CLR coa/pacr iipe/tc'iaiiiric/ib h iii)i ipo. piimicp ippo/pisnacei[iie o 6 beKTa no ccbijiKe. Ecjih 
THn 00 'bCicia iioMCieii aTpii 6 yTOM [Serializable], CLR cepHajni 3 yeT o 6 beKT (h ero 
noTOMKOB) b 6 aHT 0 Bbiii MacciiB, naKyeT 3tot MacciiB b hobmh jo.mcip h /pccepnajin.3ycT 
ero b rpacji o 6 beKTa, nepe/paB KopeHb rpacjia MeTO/py MethodArgAndReturn. 

B 3tom npiiMepe a iiepe/paio o 6 beKT System.String 'iepc .3 rpamupbi /poMeiia. Tim 
System. String He aBJiaeTca npoii3BO/pHbiM ot KJiaccaMarshalByRefObject, a3HanHT, 
CLR He MoaceT co.a/pa'ib npe/pcTaBHTejia. K cnacTbio, o 6 be icp System.String iiomcpcii 
aTpn 6 yT 0 M [Serializable], noaTOMy CLR b cocToaHHH npo/pBimyTb ero no 3 HaHeHino, 
h ico/i, 6 y/pcr pa 6 oTaTb. 06paTHTe BHHMamie, hto jpjia THna String CLR BbmojmaeT 
cnen,iiajibHyio onTHMH 3 arpHio. I Ipo/pBHraa oobeici String 'icpe .3 rpammy /[.o.viei p;p, CLR 
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npocTO nepe/i,aeT ccbuncy Ha Hero; Korano o6 - beKTa OHa He aejiaeT. IIoAo6HaH onTHMiaanna 
OKa3biBaeTca bo3mo5khoh 6AaroAapa Heii3MeHHOCTH o6beKTOB Tuna String, hto He AaeT 
KOAy i-i3 o/iHoro AOMCHa noBpeAHTb ciimboam o6beKTa String H3 Apyroro. /(onoAHiiTeAb- 
Hyio iiH(|)opMau,iiK) o i[eii3.\icm[OC'['n oohcktoh AaHHoro THna bm i laiiACTC b r. : iaiie 14 1 . 

BHyTpn MeTOAa MethodArgAndReturn h BbiBoacy nepeAaBaeMyio b Hero CTpony, 
hto6h noKa3aTb ee nepexoA nepes rpaiinny AOMeHa. 3aTeM h co3Aaio aio.e.vi r 1.1 ai]) Tuna 
NonMarshalableType h B03Bpamaio ccbiAKy Ha stot o6beKT b ochobhoh aomch. TaK KaK 
ran NonMarshalableType He hbahctch npoii3BOAHbiM ot System.MarshalByRefObject 
h hc noMeneH aTpn6yTOM [Serializable], mctoa MethodArgAndReturn He MoaceT npo- 
ABHHyTb oo'PjCKt no ccbuiKe haii noaiia'ieiimo. To ecTby HacHeT cnoco 6 anepeAaTb 06 b- 
eKT nepe3 rpaHHpw AOMeHa. HTo6bi yKa3aTb Ha stot (jiaKT, mctoa MethodArgAndReturn 
reHepupyeT b ochobhom aomchc ucKMio'iemu' SerializationException. Tan KaK moh 
nporpaMMa He yMeeT ero nepexBaTbiBaTb, OHa npocTO npeKpamaeT cboio pa6oTy. 


Bbirpy3Ka aomghob 

OAHa IT3 3aMeHaTeAbHbIX OCo6eHHOCTe!l CLR — B03M02KH0CTb Bbirpy3KH AOMeHOB 
npHAoaceHHH. 1 Ipn stom BbirpyacaiOTCH h bcc 3arpyaceHHbie b hhx c6opKH, a raiOKe 
ocBo6oacAaeTCH Kyia 3arpy3niiKa aomchob. IIpoBecTH 3Ty npou,eAypy Aerao: AOCTa- 
tohho Bbi3BATb CTaTHHecKHH MeTOA Unload KAacca AppDomain (KaK noKa3aHO b mocm 
npiiAOAceHiin b iia'ia.Te rAaBbi). 3to 3acTaBAaeT CLR BbinoAHiiTb Ha6op onepaijHH no 
KoppeKTHofi Bbirpy3Ke yKa3aHHoro AOMCHa. 

1. CLR npnocTaHaBAHBaeT bcc noTOKii b npon,ecce, KOTopbie KorAa-Aii6o BbinoAHHAii 
ynpaBAfleMbiii koa. 

2. CLR npoBepneT Bee ctckii Ha i ia.T uaue noTOKOB, KOTopbie b tckvihhh momcht bbi- 
noAHmoT koa BbirpyacaeMoro AOMeHa hah MoryT paHO hah no3AHO BepHyTbca k bm- 
noAHeHiiio TaKoro KOAa. CLR m.my>KAacT Bee noTOKH, b ctckc kotophx iiaxo/uiTca 
BbirpyacaeMbifi aomch, creHepupoBaTb ptckaiohciihc ThreadAbortException (npn 
3tom BbinoAHeHiie noTOKa B03o6HOBAJieTCH). B pe3yAbTaTe noTOKii nepexoAHT 
k BbinoAHeHiiio 6aokob finally, to ecTb KoppeKTHO 3aBepmaiOT cboio pa6oTy. Ltpii 
OTcyTCTBHii KOAa, nepexBaTbiBaiomero iicicno'ieiine ThreadAbortException, oho 
nepexoAHT b pa3pnA Heo6pa6oTaHHbix h <<nporAaTbiBaeTca» CLR; noTOK 3aBepma- 
eTCTi , ho npon,eccy paapemacTca npoAOAACHTb pa6oTy. TaKoe noBeAemie ot AimaeT ch 
ot CTaHAapTHoro, noTOMy mto b Aio6bix Apyrnx cuTyaniiax npn bo3hhkhobchhh 
Heo6pa6oTaHHoro hckaioacuha CLR yiiii'noacac'P' npon,ecc. 


1 KcTaTH, HMeHHo noaTOMy KAacc System. String hbahctch 3aneHaTaHHbiM. Ecah 6m 3to 6hao He 
Tax, bh motaii 6h onpefleAHTb cobcTBeHHbie KAaccbi, npoii3BOAHbie ot String, h AobaBAHTb k hum 
cobcTBeHHbie noAH. B pe3yAbTaTe cpeaa CLR He cMOTAa 6 h rapaHTiipoBaTb Heii3MeHH0CTb cnpoK. 
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BHMMAHME 

CLR HeyHMHTOXMT HeMeAJiSHHO noTOK, KOTopbiti Bbino/iHneT koa 6aoxafinally nan catch, 
KOHdpyKTopa KJiacca, xpnTnnecxon obaacin nan HeynpaBnneMbin koa- yHMHTOxeHne 
TaKi/ix noTOKOB CAeaaao 6bi HeB03M0XHbiM BbinoaHeHne KOAa ohmctkm, BOCCTaHOBaeHna 
nocae oinnbox, nHni4naan3au,nn Tnna, xpnTHHecxoro koab nan aio6oro koab, xoTopun 
CLR He 3HaeT xax o6pa6aibiBaib. 3 to ciaao 6bi npnnnHon HenpeACKa3yeMoro noBeAeHnn 
npnaoxeHnn n noaBaeHmo Abip b CHCTeMe 6e3onacHOCTn. yHHHTOxaeMOMy noTOKy pa3- 
pemaeTca 3aK0HHHTb BbinoaHeHne Taxnx 6aoKOB, n ToabKO nocae 3Toro CLR BbiHyxAaeT 
ero creHepnpoBaTb ncxaioneHne ThreadAbortException. 


3. Ilocjie Bbirpy3Kii 113 AO.vtena scex noTOKOB, ooiiapyvKeiiiibix Ha btopom mare, CLR 
11 poxo/pix no Kyne h ycTaHaBjniBaeT (ji./iar aaa KaacAoro o6bema- 1 ipeACia is 11 tc; 1 a, 
KOTopbifi ccbuiaeTca Ha o6beKT, coaaaimi.iii b BbirpyacaeMOM AOMeHe. TaK o6beKTbi- 
npeACTaBHTejm «y3HaiOT», 'no peajibHbiii o6beKT, Ha KOTopbifi ohii ccia. iaio ica, 
ymmToaceH. B pesyaiaaie npn nonbiTKe Bbi3BaTb mctoa «HenpaBruibHoro» o6beKTa- 
npeACTaBHTejia noaBJureTCH HCKjnoHemie AppDomainUnloadedException. 

4. CLR HHHiiHHpyeT ii|)miy,anTC./ii)iivio y6opKy Mycopa, Troon ociio6o/pn b naMHTb, 
3aHHTyio o6beKTaMii BbirpyacaeMoro AO.vtena. Bbi3biBaiOTCH MeTO/pa ())mia. : iii3ann 11 
A-JIH OTHX o6beKTOB, /1,31133 HM HiaHC BbinOJIHIITb II V>KII V10 O'fMCTKy. 

5. CLR B03o6HOBJiHeT pa6oTy Bcex ocTaBimixcH noTOKOB. ITotok, iibiaiiaiimnii mctoa 
A ppDomain. Unload, npo/tojiacaeT pa6oTy; Bbi30Bbi AppDomain. Unload BbinojiHHiOTCH 

CIIHXpOHHO. 

B MoeM npHjioaceHHH bcio pa6oTy BbinojiHHeT oaiih noTOK. Bchkhh pa3, KorAa 
koa npHAoaceHHH Bbi3biBaeT MeTOA AppDomain .Unload, b BbirpyacaeMOM AOMeHe He 
0Ka3biBaeTCH noTOKOB, noaTOMy CLR He npuxoAHTCH reHepupoBaTb HCKAtoneHHe 
ThreadAbortException (o hcm mbi noroBopriM nyTb no3»ce). 

KcTaTH, npn Bbi30Be noTOKOM MeTOAa AppDomain .Unload CLR ACAeT 10 ceKyHA, 
HTo6bi noTOKii BbirpyAcaeMoro AOMCiia Morjui ero noKHHyTb. Ecjih nocjie .otoi o noTOK, 
Bbi3BaBmriH MeTOA AppDomain. Unload, He B03BpamaeT ynpaBJieHiie, oh reHepupyeT 
HCKJiiOHeHHe CannotUnloadAppDomainException, h aomcii movkct 6biTb (a mo>kct ii He 
6biTb) BbirpyAceHHbiM b 6yAymeM. 

IIP MM EH AH ME 

Ecan noTOK, Bbi3BaBinnM AppDomain.Unload, HaxoAHTcn b BbirpyxaeMOM AOMeHe, CLR 
C03AaeT APyron noTOK, xoTopwn nbuaeTca Bbirpy3mb AOMeH. riepBbin noTOK npnHyAn- 
TeabHO reHepupyeT ncxaioneHne ThreadAbortException h BbinoaHaeT pacxpyrxy — noncx 
n OHMCTKy Bcex onepapnn, HanaTbix Hnxe no CTexy Bbi30B0B. HoBbin noTOK AOxnAaeTcn 
Bbirpy3Kn AOMeHa, a 3aTeM 3aBepi±iaeTca. B caynae c6oa Bbirpy3xn HOBbin noTOK nonpo- 
6yeT obpaboTaTb ncxaioneHne CannotUnloadAppDomainException, ho Tax xax HeT xoAa, 
BbinoaHaeMoro othm hobwivi noTOxoM, nepexBaTHTb sto ncxaioneHne Heab3a. 
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MOHUTOpUHr AOMeHOB 

XocT-npHjioxceHiie yMeeT OTCJieaciiBaTb iiotpc6./ihcmp>ic/i,omciiom pecypcbi. HeKOTopbie 
xoctm Ha ocHOBe 3 toh in icIiopManiiii ii|)iiny/i,n'ic. : ibiio BbirpyacaiOT AOMeH, ecjiH is/ipyr 
noTpe6jieHiie iim naMM'i n 11.111 pecypcoB npou,eccopa bmxoaht 3a pa3yMHbie c tohkh 
3pcmi>[ xocTa npeAejibi. MoHiiTopiiHr no3BOJuieT t;iioicc cpaBHHTb iioTpcd/icinie pecyp- 
COB pa3JIHHHbIMH aJITOpHTMaMH H CflCJiaTb Bbl6op. Ho TaK KaK 3Ta OIICpaHHM BJIIIHCT Ha 
111)() 113)110/1, HTC.I l»l I OCT b, OHa II11IIUI1 lipVCTCM l!|)V 1 11IV l() IIV'ICM 111) 11CI50CIIII M CTaTH'ICCKO.My 

CBoiicTBy MonitoringEnabled KJiaccaAppDomain 3HaHeHiiH true. npn stom BKinonaeTca 

MOHIITOpiIHr BCCX AOMCIIOH. BbIKJIIOHIITb CTO ViKC IIC.lb.3M; nOnbITKa npiICBOIITb CBOHCTBy 

MonitoringEnabled 3HaneHiie false npiiBeneT k mckjttohciihto ArgumentException. 

npn bkjhohchhom MOHiiTopimre koh MoaceT ncnojib30BaTb HeTbipe npeAHasHaHemibix 
TOJibKO /yia htchiih CBOHCTBa Knacca AppDomain: 

□ MonitoringSurvivedProcessMemorySize. 3to CTaTiniecicoe cbohctbo Tuna Int64 
B03BpamaeT hhcjio 6aiiT0B, ncnojib3yeMbix b ,nai 111 1,1 ii mom cm iicc.m h ao.Mena.Mii 11 o/l 
y ii]);iii. ici i iicm ■rcKvincro 3K3eMnjiapa CLR. Siia'iciinc BepHO c MOMeHTa iiocaic/uieii 
y6opKii Mycopa. 

□ MonitoringTotalAllocatedMemorySize. 3to cbohctbo 3K3eMnjuipa Tima Int64 
B03BpamaeT kojiithcctbo fiairroii, iibi/aviciuibix oiipc/acTcmibiM ;i,omcho.m. Snanc line 
BepHO c MOMeHTa nocjieAHeH y6opKH Mycopa. 

□ MonitoringSurvivedMemorySize. 3to cbohctbo .sicicm i ui a pa Tima Int64 B03Bpama- 
eTKOJiiraecTBO 6airroB, KOTopbie b nacToamee lipc.via iiciio. ; ib.3yiOTCM onpenejieHHbiM 
AOMeHOM. Siia'ieiinc BepHO c MOMeHTa iiocae/i, licit y6opKii Mycopa. 

□ MonitoringTotalProcessorTime. 3to cbohctbo 3K3eMnjmpa THna TimeSpan bo 3- 
BpamaeT iipoucccopiioe BpeMH, n cm1 0.1 i>;ioii;ii11ioc' oiipc/yviemibi.M /[.omciiom. 

CjieayiomHH KJiacc ac.MOiiCTpiipycT, KaK npn noMomii Tpex 113 sthx cbohctb y3HaTb 

06 H3MeHeHIIII COCTOHHIIH flOMCHa 3a HCKIIH npOMe»CyTOK BpeMCHIi: 

private sealed class AppDomainMonitorDelta : IDisposable { 
private AppDomain m_appDomain; 
private TimeSpan m_thisADCpu; 
private Int64 m_thisADMemoryInllse; 
private Int64 m_thisADMemoryAllocated; 

static AppDomainMonitorDelta() { 

// npoBepaeMj mto BK/noaeH pexuiM MOHiuopuHra flOMeHa 
AppDomain.MonitoringlsEnabled = true; 

} 

public AppDomainMonitorDelta(AppDomain ad) { 
m_appDomain = ad ?? AppDomain.CurrentDomain; 
m_thisADCpu = m_appDomain.MonitoringTotalProcessorTime; 
m_thisADMemoryInllse = m_appDomain.MonitoringSurvivedMemorySize; 
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m_thisADMemoryAllocated = 

m_appDomain.MonitoringTotalAllocatedMemorySize; 

} 

public void Dispose() { 

GC.CollectQ; 

Console.WriteLine("FriendlyName={0}, CPU={l}ms", 
m_appDomain.FriendlyName, 

(m_appDomain.MonitoringTotaIProcessorTime - 
m_thisADCpu).TotalMilliseconds); 

Console.WriteLine( 

" Allocated {0:N0} bytes of which {1:N0} survived GCs", 
m_appDomain.MonitoringTotalAllocatedMemorySize - 
m_thisADMemoryAllocated, 

m_appDomain.MonitoringSurvivedMemorySize - m_thisADMemoryInUse); 

} 


A 3to — npiiMep npi-iMeHeHHH Kjiacca AppDomainMonitorDelta: 

private static void AppDomainResourceMonitoringO { 
using (new AppDomainMonitorDelta(null)) { 

// Bbifle/ieHMe oko/io 10 mm/i/imohob 6afiTOB, 

// KOTopbie nepe*nByT c6opKy Mycopa 
var list = new List<Object>(); 

for (Int32 x = 0; x < 1000; x++) list.Add(new Byte[10000]); 

// Bbifle^eHne oko/io 20 mm/i/imohob 6afiTOB, 

// KOTopbie FIE nepe>KHByT y6opxy Mycopa 

for (Int32 x = 0; x < 2000; x++) new Byte[10000].GetType(); 

// npoKpyTKa npopeccopa oko/io 5 cexyHA 
Int64 stop = Environment.TickCount + 5000; 
while (Environment.TickCount < stop) ; 

} 


ITpii BbinojiHeHiiii 3 toto Ko/i,a bmboahtch c.TC/i,\TOiuiiii pe3yjibTaT: 

FriendlyName=03-Ch22-l-AppDomains.exe, CPU=5031.25ms 
Allocated 30,159,496 bytes of which 10,085,080 survived GCs 


yseflOM/ieHne o nepaoM ynpae/ineMOM 
ncK/itoneHnn AOMeHa 

C KaacAbiM aomciiom c is naan Ha6op mctoaob o6paTHoro Bbi30Ba, ai<Tniui3iipyioiuiixcM, 
Kor^a CLR iia'iniiacT ncicaTb miyipii AOMeHa o.tokti catch. 3 th MeTOAbiMoryT BbinoA- 

HHTb 3anHCH B '/IC VPI 13.1, KpOMe TOTO, XOCT B COCTOM 111111 HCn0JIb30BaTb 3TOT M6XaHII3M 
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/yia OTCJieaaiBaHiiH creHepupoBaHHbixBHyTpn ,'i.OMCiia iiCKViiO'ieimii. 06paTHbie Bbi30Bbi 
He MoryT o6pa6oTaTb hckjiiohchhc hjih «norjiOTHTb» ero; ohii npocTO nojiynaiOT yBe- 
AOMjieHiie. /(jin perncTpapHH Taicoro Mcro/ta o6paTHoro Bbi30Ba aocia'io'ino aooamrib 
AejieraT k 3K3CMnjiapy codbiTira FinstChanceException Kjiacca AppDomain. 

Cpe/ta CLR b /uumo.vt cjiyuae pa6oTaeT TaK: npii nepBOM noHBjiemiH iick'. iio'iciiiim 
OHa 3 a/ieHCTByeT jiio6oh H3 mctoaob o6paTHoro Bbi30Ba FinstChanceException, 3apem- 
CTpupOBaHHblii B AOMCHC, CTaBmeM HCTOHHIIKOM IICKJIIOHeHHH. 3aTeM CLR IimeT B CT6Ke 
3Toro ao.viena 6jiokii catch. Ecjiii KaKofi-TO H3 sthx 6jiokob o6pa6aTbiBaeT ncK'. iio'iemie, 
BbinojiHeHiie nporpaMMbi B03BpamaeTca b odbiaHbiii peaciiM. Ecjiii ace TaKoii 6jiok OTcyr- 
CTByeT, CLR m/ict HaBepx CTeica Bbi3biBaiomero ;i,o.\ieiia h CHOBa reHepiipyeT to ace caMoe 
HCKJHOHeHHe (nocjie ero cepnajiii3aii,iiii h ;i,cccpiia.Tii.3aii,iiii). O/uiaico .910 iiCKMioaeime 
HaniiHaeT BOcnpiiHiiMaTbca, KaK HOBoe, 11 CLR aa/aakoTiycT MCTO/ua o6paTHoro Bbi30Ba 
FinstChanceException, 3aperiiCTpnpoBaHHbie Ha /laiuibiii momcht b TCKymeM AOMeHe. 
Ilpouecc npoAOJiacaeTca, noKa hc 6 ya,eT aocTiirayT Bepx CTCKa noTOKa. Ecjiii b pe3yjibraTe 
no k jiioneHiie Tax h He y/tacTca o6pa6oTaTb, CLR 3 aBepmaeT nponecc. 


Mcno/ib30BaHne xoct3mm 
AOM eHOB npM/10>KeHMM 

H yace paccKa3biBaji o xocTax: KaK ohii 3arpyacaiOT CLR, KaK xoct MoaceT 3acTaBiiTb 
CLR co 3 /i,aTb hjih Bbirpy 3 iiTb ao.vien npiuioaceHiiii. Tenepb, hto6m nepeBCCTH pa 3 roBop 
b 6ojiee KOHKpeTHoe pycjio, mh paccMOTpHM hcckojibko 06 f>i 1 1 1 1 i>i x cu,eHapiieB, Kacaio- 
miixcH xocTiiHra h aomchob npiuioaceHiiii. B uacraocTH, h paccKaacy, KaK pa 3 Hbie THnbi 
npiuioaceHiiii BbinojmaiOT xocTHHr CLR 11 ynpaBJiaioTao.vtciia.Yi 11 npiuioaceHiiii. 

Mcno/iHneMbie npu/iOKeHUfi 

KoHCOJibHbie npiuioaccHiia, npiuioaceHiie NT Service, npnjioaccHiia Windows Forms 
h npiuioacemia Windows Presentation Foundation (WPF) hbjhhotch caMopa 3 Memam - 
lUfUMUCH (self-hosted) h CHadaceHbi ynpaBJiaeMbiMii EXE-cjiaiuiaMii. LlHiin,iiajiii 3 iipoBaB 
npon,ecc npii noMomii TaKoro cjiaiuia, Windows 3 arpyacaeT odojionKy cobmccthmocth, 
KOTopaa nccjicaycT 1111())op)Mai[,1110 b 3 arojiOBKe CLR, coacpacaiuyioca b c 6 opice npii- 
.Toacciiiia (EXE-cJiaiuie). 3 Ta iii[())op.viauiiM yKa 3 biBaeT Bepcnio CLR, KOTopaa ncnojib- 
30 Bajiacb npii coopice n TecTHpoBaHim npiuioaccHiia. Hmchho c ee 110.v101u1.10 oocuio'iica 
cobmccthmocth onpe/tejiaeT, KaKyio Bepcino CLR cjie/tyeT 3 arpy 3 iiTb b nponecc. 3 arpy 3 iiB 
h HHHu;HajiH 3 HpoBaB epeay, odojiomca cobmccthmocth CHOBa uccjicaycT 3 arojiOBOK ee 
cdopKH, aTodbi onpe/tejiiiTb, KaKoii mcto/i, aBJiaeTca tohkoh Bxo/i,a npiuioaceHiia (Main). 
CLR Bbi 3 biBaeT 3tot mcto/p h npiuioaceHiie nammacT paocriy. 

B npon,ecce padoTbi ko/i, odpamaeTca k apyni.vi THnaM. npii ccbuiKe Ha Tim, co/tep- 
acameiica b apyroii coop ice, CLR iiaxo/urr 3Ty coop icy 11 3 arpyacaeT ee b tot ace ao.vien. 
Tyaa ace 3 arpyacaiOTca h Bee npoune cdopKii, Ha KOTopbie imeiOTca ccbuiKH. Llocjie 
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B03B|)aiucimM ynpaBjieHim mctoaom Main Windows-nportecc 3aBepmaeT cboio pa6oTy 
(jIHKBH/IHpyH OCHOBHOii H BCC lipOMblC AOMeHbl). 


nPMMEHAHME 

Kda™, Ana 3aBepmeHna Windows-npopecca co BceMn ero AOMeHaivin moxho BOcno/ib30- 
BaTbca CTainnecKnM mgtoaom Exit Knacca System.Environment. 3 to caMbin KoppeKTHbin 
cnoco6 3aBepLueHnn npopecca, tbk kbk ABHHbin MeTOA d-iana/ia Bbi3biBaeTMeTOAbi cfinHa- 
jin3au,nn Bcex obteKTOB b ynpaBnaeMon Kyne, a 3aieM ocBo6o>KAaeT Bee HeynpaB/iaeMbie 
COM-obbeKTbi b CLR. flocne 3 toto Bbi3biBaeTca Win32-cJ)yHKLj 1 na ExitProcess. 


I Ipn.ioacemie mo>kct 3acTaBHTb CLR co3AaTb AonojiHiiTejibHbie / to \i cm i i)i b a/tpecHOM 
npocTpaHCTBenpoitecca. CodcTBeHHO, n.vieimo stoh nponcxoAHT b mocm npruioacemin, 
koa KOToporo npeACTaBJieH b nana./ic stoh i. ianbi. 


nojiHo4>yHKULMOHajibHbie MHTepHeT-npu/io>KeHMsi Silverlight 

Bepcira CLR jyj\’A pa3pa6oTaHHOii b Microsoft /nnia.vin'iccKoii TexHOJiornii Silverlight 
OTJiHAaeTCH ot BepcHH o6hhhoh njiaTcjtopMbi .NET Framework ana HacTOJibHbix kom- 
nbiOTepoB. Llocjie ycTaHOBKii cpe/tbi Silverlight nepeMeuteHiie Ha caiir, KOTopbiii ncnojib- 
3yeT 3Ty cpe/ty, 3acTaBjiaeT Silverlight CLR (CoreClr.dll) 3arpy3HTb 6pay3ep (npiraeM 
3to mo>kct 6biTb BOBce He Internet Explorer — bbi mcokctc Boodute He ncnojib30BaTb 
Windows). Kaac/tbni sneMeHT ynpaBJieHiiH Silverlight Ha CTpamme padoTaeT b co6ctbch- 
hom aomciic. Kor/ta iio.ib.'sona'ic.Mb 3aKpbiBaeT BKJiaAKy n./in nepexo;i,rn Ha Appro ii caiiT, 
to AOMeHbi Bcex HeHcnojib3yeMbix .'xmcmciitoh yiipaii.iemiH Silverlight BbirpyacaiOTca. 
Ko/t Silverlight b AOMeHe 3anycKaeTca b neconma^e (sandbox) c orpammeHHOH 3amiiT0H 
h He MoaceT npiiMiimn b KaKoro-jindo npc;i,a nojib30BaTejno hjih MamriHe. 


Microsoft ASP.NET u Be6-c/iy>K6bi XML 

ASP.NET — 3 to 6 n 6 jmoTeKa ISAPI (peajiH 30 BaHHaa b (jtairjie ASPNet_ISAPI.dll). IIpn 
nepBOM 3 anpoce KjmeHTOM URL-a/tpeca, odpadaTbiBaeMoro 3 to ii dridjiiiOTeKOH, ASP. 
NET 3 arpyacaeT CLR. Kor/ta kahcht odpamaeTCH c 3 anpocoM k Bed-npruioaceHiiio, 
ASP.NET onpe/tejiaeT, 6 mjih jih yace 'laKiic 3 anpocbi. Ecjih /tamibiii 3 anpoc mh.mmctc a 
nepBbiM, CLRnoaynaeT KOMaH/ty cos/urrb ajih aaimoro Be 6 -npnaoaceHiiH hobhh aomcii 
(K aatAoe npruioaceHiie n;i,(MiTn<:))iiniipycTCH coder ncMiiibiM BHpTyajibHbiM KopHeBbiM 
KaTaaoroM). /fanee ASP.NET 3 acTaBJiaeT CLR 3 arpy 3 HTb b hobhh AOMeH cdopicy, 
npe/cociaii./mlomyio HyatHbiii THn, b hobhh ao.vkmi iipn.MoaccMiiiii, coa/caer 3 K 3 C.vni.mp 
3 Toro Tuna h HanriHaeT Bbi 3 biBaTb ero mctoam /yia HcnojincHurr 3 anpoca KjmeHTa. 
11 pn najiHMHH ccbuioK Ha /tpyriie THnbi CLR 3 arpyataeT b ao.vkmi luio-iipri.ioacemia 
AonojiHHTeabHbie cdopKH. 

IIpH [lOCTyiuieiiiiii 3anpoca k yacepa6oTaiomeMy Be6-npimoaceHHio ASP.NET bmccto 
HOB oro AO.vteiia coa/cacT hobhh 3k;:jc viii./r m]) THna iiC(>ii|)ii./io>K(MiiiM b cymecTByiouteM 
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h iia'iiiiracT Bbi3biBaTb ero mcto/pm. IIpn stom Bbi3biBaeMbie MCTO/pia OKa3breaiOTCfl yace 
npeo6pa30BaHHbIMII JIT-KOMnHJIHTOpOM B ManiHHHblH ICO/P, n03T0My C. : IC/PyiOIHI1C KJIII- 
eHTCKHe 3anpocbi o6pa6aTbiBaioTCH HaMHoro 6bicTpee. 

Ecjih KJineHT odpanpaeTca c 3anpocoM k /ppyroMy iic6-iipii. io>K('imio, ASP.NET 3a- 
ct;ib. : ihct CLR coa/par b hobmh /po.vien. 06 mhho oh coa/pacTca b tom ace padoneM npo- 
ipcccc, b kotopom pa6oTaiOT /ppyrae /poMcm.i npH/ioaceHHH. 3to aiia'iicr, mto b o/phom 
W indows-npou,ecce MoaceT padoTaTb HecKOJibKO Bed-npruioaceHHH, hto noBbmiaeT 
npoii3BO/i,HTejibHOCTb CHCTeMbi. B 3 tom c/iynae coopicn /p.aa pa3Hbix Be6-npiijioaceHini 
3arpyacai0TCH b coocTisemibiii /povien Kaac/poro H3 hiix — sto hco6xo/phmo/ pjia ii30jihlpiih 
ico/pa h odbeKTOB iie6-ii|)ii. : ioaceima ot/ ppynix iie6-ii|)ii. ; ioacemiii. 

SaMCPa'pejiiaiPiM ocodeHHOCTb ASP.NET — B03M0acH0CTb H3MeHHTb ico/p iieo-caina 
6e3 ocTaHOBKii Be6-cepBepa. Kor/pa cjaafiji Ha acecTKOM /pncice caina MeHaeTca, ASP.NET 
odHapyacHBaeT sto, BbirpyacaeT /pomch, co/pepacairpHH CTapyio Bepcnio (nocae 3aBepme- 
hiipp TCKyineio 3anpoca), a 3aTeM co3/paeT hobmh/ po.vien, 3arpyacaa b Hero iioisi.ic liepcnii 
(jiaHjiois. IIpii 3 tom ASP.NET iicnojib3yeT ocodyio (jivmapnio /po.viciiois, Ha3biBaeMyio 
meneebiM KonupoecmueM (shadow copying). 

Microsoft SQL Server 

Microsoft SQL Server othochtch k iieynpaii. iacM bim npiuioaceHiiHM, TaK KaK oo.ibmaa 
aacTi, ico/pa SQL-cepBepa HanncaHa Ha HeynpaB/raeMOM H3biKe C++. SQL-cepBep no/p- 
flepacHBaeT co3/pamie xpaHHMbix nporpe/pyp Ha ynpaBJiaeMOM Ko/pe. ITpii nepBOM nojiyne- 
hpiii 3anpoca Ha BbinojiHeHiie xpaHiiMoii nporpe/pypbi Ha ynpaBjiaeMOM KO/pe SQL-cepBep 
3arpyacaeT CLR. XpaHiiMbie nporpe/pypbi bbmo.ma iotcm b co6ctbchhom 3anpHiipeHHOM 
/po.viene, 'no He iiooiio.imct hm HapyrnriTb padoiy cepBepa 6a3bi ,pamii,ix. 

3to npocTO 3aMenaTeabHaa (JpyHKrpiiOHajibHOCTb! Be/pb pa3pa6oTHHKii MOiyT Bbi6npaTb 
h3mk nporpaMMupoBamm /pan C03/paHHH xpaHHMbix nporpe/pyp. XpaHiiMbie nporpe/pypbi 
MOiyT HCn0JIb30BaTb B CBOCM KO/pe odbeKTbl C CHJIbHOH TPTnil.SaPPHCiP. KpOMe Toro, ico/p 
KOMniuiiipyeTCH JIT-KOMnujiHTopoM b MamiiHHbiii ico/p h lii.iiio. iiiHC PCM, a He iiHTepnpe- 
THpyeTCH. TaKace pa3pa6oTHHKaM TaKiix nporpe/pyp /pocTynHbi Bee ranbi, onpe/peaeHHbie 
b 6H6jiiiOTeKe FCL hjih jho6oh /ppyroii coop ice. B peay.'i biarc pa3pa6oTKa xpaHHMbix 
ip])01pe/pvp .iiia'iineyipaio ynponpaeTCH, a npiuioacciniM padoTaiOT HaMHoro dbiCTpee. L lio 
enpe HyacHO nporpaMMHCTy /paa cnacTbH? 


Byflymee u MeHTbi 

B 6y/pyiipeM b o6mhhmx «o(J)HCHbix» npiuioaceHiiax, TaKHx KaK pe/paKTopbi h sjicktpoh- 
Hbie Tadjiurpbi, nojib30BaTejni CMoryT BbidupaTb h3mk nporpaMMiipoBaHiia /pan co3/paHiiH 
MaKpocoB. 3 th MaKpocbi ooeciie'ia'i' /pociyn k jho6mm coopica.vi h TiinaM, no/p/pepacn- 
BaionpiiM CLR. Ohii 6y/pyT KOMniiaiipoBaTbCH h iio.3TO.viy dbiCTpo BbinoaHflTbCH, h, hto 
caMoe BaacHoe, — BbinoaHHTbCH b 3amHiipeHH0M /po.viene, iiadaiciaa noab30BaTeaeii ot 

MHOOIX HenpiIHTHblX l[CO'/KI 1 /pailllOCTCii. 
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HeTpMBMa/ibHoe ynpas/ieHMe xocthhtom 

B 3tom paa/tcjic paccMaTpireaioTCfl 6onee c/ioacHbie Bonpocbi xocTHHra CLR. H xciy 
AaTb iipc/tocTaiuicimc o Bcefi miipoTe B03MoacHocTeH CLR. Ecjih TeMa stoto paa/pvia 
Bac 3aHHTepecyeT, a pei<o.\icii/i,vio oopaTirrbCM k apyroii jiHTepaType no .yaimoii TeMe. 

ripuMeHeHue ynpaa/isieMoro KOfla 

Kjiacc System.AppDomainManager no3BOJiaeT xocTy MeHHTb 3a/i,aHHoe no yMOJinamno 
noBeaemie CLR npn noMomii ynpaBJiaeMoro Ko/ia. Kohchho, sto ynpomaeT pcajinaanmo 
xocTa. BaM Tpe6yeTca tojibko onpe/iejiHTb co6cTBeHHbrii K/iacc, npoH3BOflHbiH ot System. 
AppDomainManager, nepeonpe/tejiiiB Bee Heo6xo/i,HMbie BiipTyajibHbie MeTOAbi. /(ajiee 
3tot Kjiacc Ha/ 1,0 CKOMnoHOBaTb b OT/ip.ibimo c6opKy n ycTaHOBHTb ee b rjio6ajibHbni 
K3ui c6opoK (GAC), npe/i, 0 CTaBHB eft TeM caMbiM nojmoe AOBepiie. 

3aTeM HyacHO 3acTaBiiTb CLR ncnojib30BaTb CBoft K/iacc, npoii3BOflHbni ot 
AppDomainManager. 3to jiynnie Bcero CAe/iaTb, co3/i,aB o6beKT AppDomainSetup n iihii- 
n,Hajni3HpoBaB ero CBoftcTBa AppDomainManagerAssembly h AppDomainManagerType 
Tima String. CBOiicTBy AppDomainManagerAssembly npiiCBaiiBaeTca CTpoKa co CTponiM 
i-iMCHeM c6opKH, onpe/iejiaiomeii Bam K/iacc, npon.irio/pibin ot KJiacca AppDomainManager. 
CBOiicTBy ace AppDomainManagerType npncTsainsacTCM nojmoe iimh stoto KJiacca. KpoMe 
toto, CBOiicTBy AppDomainManager c noMombio aaeMCHTOB appDomainManagerAssembly 
n appDomainManagerType MoacHO iipncBOHTb KOHcjiHrypan,HOHHbni XML-cjiaft/i Barne- 
ro npiMoacemin. TaKace co6cTBeHHbift xoct MoaceT OTnpaBiiTb 3anpoc k iiHTepcJieftcy 
ICLRControl n Bbi3BaTb ero cbohctbo SetAppDomainManagerType, nepe/iaB Ty/ia 
H/ieHTinjiiiKaTop ycTaHOB/ieHHoft b GAC c6opKii h iimh KJiacca, npoii3BO/i,Horo ot 
AppDomainManager 1 . 

Tenepb noroBopiiM o (|)yHKn,iiHx K/iacca, npon3BOAHoro ot AppDomainManager. Oh 
iiosisq.imct xocTy coxpamiTb Kom po.ib, aaace ko r/pi HaacTpoiiKa iibnaercM co3/i,aTb 
co6cTBeHHbin AOMeH. IIpii 3tom o6beKT, npoii3BO/i,HbiH ot AppDomainManager, MoaceT 
pe/i,aKTiipoBaTb napaMCTpbi 3amiiTbi n KOHcjuirypiipoBamra. KpoMe Toro, oh b coctohhiiii 
noMemaTb co3/i,aHmo hoboto aoMCHa hjih BepHyTb ccbuiKy Ha yace cymecTByiomuft. Kor- 
js, a HOBbiH /to.vieii yace C03/i,aH, CLR tjxipMiipycT b HeM hobhii o6beKT, r i]) 011 , 3 iso/u i tai it ot 
AppDomainManager. Oh TaKace MoaceT pe/taKTiipoBaTb napaMeTpbi KOHtjnirypupoBaHiiH, 
kohtckct isbiiio. iiiemiM .vic>K/i,y noTOKaMii h paapememia, npe/i,0CTaBjieHHbie c6opKe. 

Pa3pa6oTKa Hafle>KHbix xocT-npmio>KeHiiM 

Xoct MoaceT yKa3aTb CLR, Kamie aeiicmn m c.ae/pycT npe/i,npiiHHMaTb npn c6oe b ynpaB- 
jiaeMOM KO/i,e. Bot HecKOJibKO iipn.Yicpois (ot nan .vie 1 ice no iiaiiocuicc cepbe3Horo): 


1 KoHcjMirypaiiHio KJiacca AppDomainManager mo*ho BbinonHiiTb TaKace npn noMomii nepe- 
MeHHbix OKpyacemiH 11 napaMeTpoB peecTpa, ho 3th MexaHii3Mbi 6oaee rpoM03a,KH 11 npiiMeHHTb 
IIX HMeeT CMbICJI pa3Be HTO B HeKOTOpbIX TeCTOBBIX CIieHapHHX. 
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□ CLR mO/KCt npepBaTb noTOK, ecAH tot isi.iiio. iiimcicti cahhikom aoato 11.111 aoato He 
B03BpamaeT ynpaBAeraie (ac'iaah cm. b c.;ie/i,yioine.vi pa.3ACAC). 

□ CLR MOJKeT Bbirpy3HTb AOMCH. IIpiI 3TOM 3aKpOIOTCH BCe nOTOKII 9TOTO AOMeHa, 
a npo6jieMHbifi koa Gyppr BbirpyaceH. 

□ CLR mo'/kct oTKJiioHiiTbCH. IIpw 3 tom npeKpamaeTcn isi,i i[o. iiic11iic jiio6oro KOAa 
b nponecce, ho HeynpaBjiaeMOMy KOAy pa6oTaTb pa3pemeH0. 

□ CLR moxcct BbiHTH H3 Windows-npouecca. 11 p 11 .otom cHauaAa aaicpbmaioicii Bee 
noTOKii h BbirpyacaiOTCH Bee aomchi.i — isiiiiio. iiia iotch onepauHH ouhctkh, nocjie 
nero npon,ecc 3aKpbiBaeTCH. 

CLR MO/KC'r 3aBepniHTb noTOK hjih aomcii KaK KoppeKTHO, TaK h ii])it iiy/i,iT'[e.Tiaiif>. 
KoppeKTHoe aaisepmeiuie npc/pycMaTpiiisaeT ii i>i 1 1 0.11ieiino ico/pi ouhctkh. Hiia'ic roBopa, 
BbinojiHaeTca koa b 6jiOKax finally h libiai.iiiaiOTCM mctoam (jiiiiiauiiaaiuin oo'IjCKtois. 
IIpii 111 >it i iy/1,n rc. i i>11() .vt 3aBepmeHim koa ouhctkh uraopupyeTca. IIpii KoppeKTHOM 3a- 
BepmeHiiii, b otahuhc ot npiiHyAHTeAbHoro, He y/iacTcoi 3aKpbiTb noTOK b OAOicax catch 
h finally. IIotok, m.iiio.iiiMiomnii 11 cy 11 pai5. i^ic m i>iii koahaii iiaxoAMiuniicM b KpHraue- 
ckoh ofeiacTH (Critical Execution Region, CER), 3aBepmiiTb Boodme ne. : ib.3M. 

Xoct MoaceT ycraHOBiiTb TaK Ha3biBaeMyio nojiummcypaciuupemix (escalation policy), 
onpeACAHB tcm caMbiM noBCACHiie CLR npn c6oax ynpaBAHCMoro KOAa. HanpiiMep, SQL- 
cepBep onpeACAaeT, uto AoaacHa AeaaTb cpeAa CLR npn noaBAeHHH Heo6pa6oTaHHoro 
HCKAIOUeHHH BO li|)CM H lil.l 110.11ICIIIIH yiipaii. lMCMOI'0 KOAa. 1x01/1,3 B nOTOKC B03HHKaeT 
Heo6pa6oTaHHoe nci/. iio'ieiine, CLR cna'ia/ia iibnac'ica KoppeKTHO 3aBepmiiTb noTOK. 
Ecah noTOK He 3aKpbiBaeTca 3a onpeAeAeHHoe is pc mm, CLR nbiTaeTca nepeiiTH ot Kop- 
peKTHoro k npimyAHTeAbHOMy 3aBepmeHiiio noTOKa. 

B 6oAbmiiHCTBe CAyuaeB nponcxoAHT iimchho TaK. OAHaKO aah noTOKOB H3 upumme- 
ckou oSjiacmu (critical region) AeiicTByeT Apyraa noAimiKa. IIotok, HaxoAHmiriica b Kpn- 
THUeCKOH OO/iaCTH, O/IOK'lipyCTCM B paMKaX CHHXpOHII3an,HH nOTOKOB, lipil'ICM pa36AO- 
KiipoBaTb ero AOAaceH tot ace caMbiii noTOK, HanpriMep, tot, uto Bbi3B3A mctoa Monitor. 
Enter, mctoa WaitOne Tuna Mutex hah oahh h 3 mctoaob AcquireReaderLock hah 
A cquireWriterLock THna ReaderWriterLock 1 . OacHAamie mctoaob AutoResetEvent, 
ManualResetEvent hah Semaphore hc yKa3biBaeT Ha npe6biBaHiie noTOKa b KpHTHuecKOH 
odAacTH, noTOMy uto Apyroii noTOK MoaceT ocbo 6 oahtb 3tot o6beKT CHHxpoHH3an,HH. 
Kor/pi noTOK iiaxo/iuroi b KpiiTHuecKofi oo/iacm, CLR noAaraeT, uto oh padoTaeT 

C AUHHblMH, COBMCCTHO HCnOAb3yeMbIMII HeCKOAbKHMH nOTOKaMH TOI'O ace AOMCHa. 3tO 

h ecTb Han6oAee BepoaTHan iipii'iuiia dAOKiipoBaHira noTOKa. IIpii pa6oTe c 06 1 uu mu 
A aHHbiMH npocToe 3aBepmeHiie noTOKa hbahctch HeyAauHbiM pemeHiieM, noTOMy uto 
k AaHHbiM MoryT oopaiuaTbCH Apyrne noTOKii. /[aiuibie ace yace noBpeacAeHbi. B htotc 
mm noAyuaeM HenpeACKa3yeMoe noBeAemie AOMeHa h 6pemii b chctcmc 6e3onacHOCTH. 


1 IIpii ak>6om 6AOKiipoBaHHii BH3biBaiOTCH MeTOAti BeginCriticalRegion n EndCriticalRegion 
KAacca Thread, noKa3biBaK>miie momcht BxoAa b KpiiTiiuecKyio odaacTb n BbixoAa H3 Hee. IIpii He- 
o6xoahmoctii bm Toace MoaceTe iimii BocnoAb30BaTbcn. Taxas Heo6xoAHMocTb o6mhho B03HiiKaeT 
npii B3aiiM0AeiicTBiiH c HeynpaBAneMbiM koaom. 
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IIoaTOMy, Koraa b noTOKe b kphthhcckoh o6jiacTii B03HiiKaeT Heo6pa6oTaHHoe 
iicK. iio'iciiiic, CLR ciia'iajia nbiTaeTCH cbccth hck. iio'iciiiic k KoppeKTHoii Bbirpy3Ke 
AOMeHa b nonbiTKe iiaoamnbCM ot Bcex iicnoAb3yeMbix noTOKOB h o6beKTOB Aamibix. 
Ecjih ao.ykmi He BbirpyacaeTCH 3a yKa3aHHoe BpeMH, CLR iiepoxo/p-ix ot KoppeKTHofi 
k 11 ]) it 1 1 y/t, Hic.r r, n r)ii Bbirpy3Ke. 


Bo3BpameHne noTOxa b xoct 

06mhho xocT-npujioaceHiie nbiTaeTCH KOHTpoAiipoBaTb co6cTBeHHbie noTOKii. B Ka- 
necTBe npHMepa paccMOTpiiM cepBep 6a3bi AaHHbix. ITpii nocTynjieHim 3anpoca noTOK 
npiiHiiMaeT ero h nepecbuiaeT ApyroMy noTOKy, KOTopbiii h AOAaceH CAenaTb HyacHyio 
pa6oTy. Mo>kct cjiynrrbCM, tio BTopoMy noTOKy npiiACTCM bbiiio.iiim b koa, C03Aai ihh ii 
h npoTecTHpoBaHHbiii He KOMaHAOii pa3pa6oTHHKOB cepBepa, a ctopohhiimii nporpaM- 
MHCTaMH. HanpiiMep, oh mohcct BbinojiHiiTb xpaHiiMyio npoHC/typy, HanncaHHyio Ha 
ynpaBJiaeMOM icoac. Mro 3aMCMaTC. ; ip>iio, cepBep 6a3bi AaHHbix ACjiaex 3 to b co6ctbchhom 
AOMCH e npHAOACeHHH, pa6oTaiOHi:eM C MaKCHMaAbHbIMH OrpaHHHeHIIHMII 6e30naCH0CTH. 
B pe3yAbTaTe xpamiMaH npoueAypa He mo>kct oopai HTbCM k o6beKTaM 3a npe/i,e. : ia.vin 
co6cTBeHHoro AOMeHa, a TaKace nonyHiiTb AOCTyn k pecypcaM, k kotophm KOAy o6pa- 
maTbca 3anpemeHO, HanpiiMep k ahckobmm cjiaiiAaM hah 6ycjiepy o6MeHa. 

Ho HTO eCAII KOA XpaHHMOH npOIteAypbl BOHACT B 6eCKOHeHHbIH II.HKA? To CCTb CepBep 
6a3bi AaHHbix «OTAaeT» oahh 113 cbohx noTOKOB aah BbinoAHeHim KOAa xpaHiiMoii npo- 
AeAypbi, ho noTOK He B03BpamaeT ynpaBACHiie. CepBep OKa3biBaeTCH b onacHOM noAoace- 
hhh, h ero noBCAemie craHOBiiTCH HenpeACKa3yeMbiM. HanpiiMep, moacct ciiamio ynacTb 
npoii3BOAHTeAbHOCTb. Mo>kct, cepBepy ctoht co3AaTb AonoAHHTeAbHbie noTOKii? Ho 
Ha 3 to BaM i lo tpeCiy iotcm AonoAHHTeAbHbie pecypcbi (HanpiiMep, mccto b CTeKe), KpoMe 

Toro, H 3THM nOTOKHM HHHTO He MO/ICCT IIOMCIIiaTb 3aCTpHTb B OCCKOIIC'IIIO.YI HIlK. ie. 

/(ah pemeHHH noAo6Hbix npo6AeM xocTy npeAOCTaBAHeTCH npaBO 3aBepmeHiiH no- 
TOKa. Ha puc. 22.3 noKa3aHaniim'inaM apxHTeKTypaxocT-npiiAOAceHiiH, nbiTaiomerocH 
pemiiTb npo6AeMy BbmieAinero 113 -noA kohtpoah noTOKa. Bot Kaic 3 to nponcxoAHT 
(HOMepa onepan,HH cooTBeTCTByiOT aHC.ia.vi Ha pucyHKe). 

1. K.mem HanpaBAHeT 3anpoc Ha cepBep. 

2. noTOK cepBepa npiiHiiMaeT 3anpoc h nepecbiAaeT ero noTOKy 113 nyAa aah BbinoA- 
HeHiiH pa6oTbi. 

3. noTOK H3 nyAa npiiHiiMaeT kahchtckhh 3anpoc h BbinoAHHeT AOBepeHHbifi koa, 
TO eCTb KOA, C03AaHHblfi B KOMnaHITH, B KOTOpOH C03AaH0 H npOTCCTIipOBaHO CaMO 
xocT-npiiAOHceHiie. 

4. /(oBepeHHbiii koa bxoaht b 6aok try ii Bbi3bmaeT H3 Hero Apyroii AOMeH (ncnoAb3yH 
Tim, npoii3BOAHbiH ot MarshalByRefOb ject). 3 tot aomch coAepacHT koa (Hanpu- 
Mep, xpaHiiMyio npon,eAypy), C03AaHHbifi h npoTecTHpoBaHHbiii ctopohhiimii pa3- 
pa6)OTMHKaMH. 

5. Xoct (jniKCHpyeT BpeMH iio.iy'feiiiiH ncxoAHoro KAHeHTCKoro 3anpoca. Ecah cto- 
poHHiiii koa we OTBenaeT KAiieHiy 3a onpeAeAeHHoe aAMiiHiicTpaTopoM BpeMH, xoct 
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Bbi3biBaeT mcto;i Abort Tima Thread, Tpc6y>i ot CLR ocraHOBHTb noTOK 113 nyjia 
ii BbiHysc/iaH libi/iaii, hckvifo'iciihc ThreadAbortException. 

6. Ha 3tom aTane noTOK nyna HaniinacT 3aBepineHiie, Bhi3biBan 6aokii finally, hto6m 
B binOJIHIITb KOA OMHCTKH. B HTOre nOTOK B03BpamaeTCH B AO.MCFI. TaK KaK nporpaMMa- 
3arjiyniKa Bbi3Bajia ctopohhhh koa 113 6jiOKa try, b Heii hmcctch ii 6jiok catch, 
KOTopbift nepexBaTHBaeT iick.iio'K'iiiu' ThreadAbortException. 

7. B OTBeT Ha nepexBaT hck iiomciiiih ThreadAbortException xoct Bbi3biBaeT mctoa 
R esetAbort Tima Thread. Ba'te.vi sto iivvkiio, h o6bHCHio Myn, iio.3>kc. 

8. Xoct OTnpaBJineT HHc})opMari,Hio o c6oe KjmeHiy ii B03BpamaeT noTOK b nyji, hto6m 
ero moacho 6buio CHOBa 3afleiicTBOBaTb j ( j\a o6c. : iy>KiiiiaimM KJineHTCKHX 3anpocoB. 




Pmc. 22.3. Bo3BpameHne xoctom kohtpo/ih HaAnoTOKOM 

npOHCHIO HeKOTOpbie HenOHHTHbie MeCTa 3TOH apXHTeKTypbl. Bo-nepBbIX, mctoa 
Abort THna Thread isi.iiio. iiihc'icm aciiHxpoHHO. Oh OT.vtciacT HejieBoii noTOK cjuiaroM 
AbortRequested h ne.vicvpicmio B03BpamaeT yiipais./iemie. Ooiiapyxiiii 3aBepmeHHe no- 
TOKa, n ci 1 o./i 11 a roman cpcAa nbiTaeTCH nepeHecTH stot noTOK b 6e3onacnoe Mecmo (safe 
place). Mciio. iimiomaM cpe/i,a cnmaeT, hto noTOK HaxoAHTCH b 6e3onacHOM MecTe, ecjni 
ero moacho (no ee MHeHiiro) ocTaHOBHTb 6e3 pucica cepbe3Hbix nocjieACTBHii. Hotok Ha- 
xoahtch b 6e3onacHOM MecTe, ecjni BbinonHHeT ynpaBJiaeMyro oneparuno 6jiokhpobkh, 
Hanpimep ocaAciicTisycT hjih «cniiT». nepeMemeHiie b 6e3onacHoe mccto ocymecTBJia- 
eTca nyTeM 3axBaTa (cm. rjiaBy 21). Hotok He cnnac'ica naxo/piinnMCM b 6e3onacHOM 
MecTe, ecjni oh BbinonHueT KOHCTpyKTop KJiacca THna, koa 6jiOKa catch hjih finally, 
koa b KpHTHnecKofi o6jiacTH hjih HeynpaBJiHeMbifi koa. 

KaK TOJibKO noTOK OKa 3 biBaeTCH b 6 e 3 onacHOM MecTe, iicnojiHHiomaH cpeAa 06- 
HapyatiiBaeT y Hero cjjjiar AbortRequested h 3 acraBAneT ero BbiAaTb HCRjironeHiie 
ThreadAbortException. Ecjih iiac.no'tcimeHe nepexBaTbiBaeTca, oho ocracTCM Heo6pa- 
6oTaHHbIM, BbinOJIHJHOTCH BCe 6aOKII finally II nOTOK KOppeKTHO 3 aiSCpiliaCTC!-l. B OTJIII- 
niie ot Bcex nponiix, ocTaBimicb Heo6pa6oTaHHbiM, HCKnroneHiie ThreadAbortException 
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He npiiBOAHT k ocTaHOBKe npujioaceHiiH. Mciio. niHiomaM cpe/ta nmviomacr ero, h noTOK 
3aBepmaeTCH, ho npHaoaceHHe h bcc ocTaBiniiecji ero noTOKii npoAoaacaiOT pa6oTy. 

B paccMaTpiiBaeMOM npimepe xoct nepexBaTbiBaeT hckatohciiitc ThreadAbort- 
Exception, nojiynaa B03M0acH0CTb CHOBa nojiyHHTb KOHTpoab Ha a noTOKOM h B03BpaTiiTb 
ero b nya. O^HaKO ocTaeTca Bonpoc: hto MoaceT noMemaTb CTopoHHeMy KO/iy nepexBaTHTb 
MCKjnoacHHC ThreadAbort Exception, hto6h coxpamrrb 3a co6oii KOHTpoab HaA noTOKOM? 
y CLR k aaHHOMy iicic./iio i ieim[o oco6oe OTHomemie. /Jaace ecan koa nepexBaTbiBaeT hc- 
KAKwemie ThneadAbontException, CLR b KOHue 6aoKa catch aBTOMaTimecKii noBTopHO 
ero reHepupyeT. 

B CBH3H C 3TOH 0 C 06 eHH 0 CTbI 0 CLR B03HI-IKaeT l!()ll|)OC: CCJIH CLR nOBTOpHO reHepn- 
pyeT HCKJiiOHeHHe ThreadAbortException b kohhc 6aoKa catch, KaK ace xocTy yaaeTca 
nepexBaTHTb oto hckaiohchhc h BOCCTaHOBiiTb KOHTpoab HaA noTOKOM? B 6aokc catch 
xocTa ecTb bm30b MeTOAa ResetAbont Tima Th read. Mmchho oh 3anpemaeT CLR noBTopHO 
reHepiipoBaTb HCKAiOHeHiie ThreadAbortException b kohhc KaacAoro 6aoKa catch. 

TorAa CHOBa B03HHKaeT Bonpoc: a hto MoaceT 3anpeTHTb CTopoHHeMy KOAy nepexBaTHTb 
HCKAiOHeHiie ThreadAbortException h caMOMy Bbi3BaTb mctoa ResetAbort Tima Thread? 
K cnacTbio, aah Bbi30Ba 3Toro MeTOAa y Bbi3biBaiomeH nporpaMMbi aoaacho 6biTb pa3peme- 
Hiie SecurityPermission c 4>aaroM ControlThread, hmcioiuhm .iHanciine true. Co3AaBaa 
aomch aah KOAa cTopoHHiix pa3pa6oTHHKOB, xoct He npeAOCTaBaaeT Taxoe pa3pemeHiie, 
a, 3HaHHT, TaKoii koa hc CMoaceT coxpaHHTb 3a co6oii KOHTpoab HaA ero noTOKOM. 

/JpaaceH 3aMeTiiTb, hto 6pemb b cucTeMe 6e3onacHOCTii b AaHHOM caynae Bce-TaKii bo3- 
Moaoia: KorAa noTOK pacKpymiBaeT iicKAioHeHiie ThreadAbortException, ctopohhhh koa 
MoaceT BbinoAHiiTb 6aokh catch h finally, coAepacamiie koa c 6ecKOHeHHbiM hiikaom, He 
no3BoaaiomHM xocTy BepHyTb KOHTpoab HaA noTOKOM. 3Ta npo6aeMa pemaeTca npn no- 
Momu o6cyacAaBmeiicH paHee hoahthkh pacmupeHiia. Ecaii ocTaHaBAiiBaeMbrii noTOK He 
3aBepmaeTca 3a pa3yMHoe BpeMH, CLR MoaceT nepeirra ot KoppeKTHoii k npiiHyAHTeAbHoii 
ocTaHOBKe, npimyAHTeabHOH Bbirpy3Ke AOMCHa, OTKAiOHemno CLR hah yHHHTOAcemiio 
nponecca. CaeAyeT Taxace 3aMeTiiTb, hto ctopohhhh koa MoaceT nepexBaTHTb iicKAioHeHiie 
ThreadAbortException h B6pociiTb b 6aokc catch KaKoe-ra Apyroe HCKAiOHeHiie. Ecaii 
oho nepexBaTbiBaeTCH, b kohhc 6aoKa catch CLR aisTOMaTii'iecicii noBTopHO BbiAacT hc- 
KAiOHemie ThreadAbortException. 

BoAbmiiHCTBO CTopoHHiix nporpaMM He npeACTaBAHeT yrpo3bi — npocTO c tohkii 
3peHIIH XOCTa OHII TpATMT Ha pC 11ICH I1C CBOCH .'Sa/iaMn CAIimKOM MHOrO BpeMeHH. 06bIHHO 
6aokii catch h finally coAepacaT oaeHb HeMHoro KOAa, BbmoaHaeMoro 6bicTpo 6e3 
KaKHX-AIl6o 6eCKOHeHHbIX HIIKAOB HAH «AOArOHrpaK>miIX>> OnepaHHH. Il03T0My BpHA AII 
BaM noTpe6yeTca noAHTHKa pacmiipemiH aah B03BpameHiin ynpaBaemia noTOKOM xocTy. 

KcTaTii, y Kaacca Thread ecTb aea MeTOAa Abort: oahh 6e3 napaMCTpoB, a BTopoii 
c napaMCTpoM Object, b kotopom moacho nepeAaTb aio6oh o6beKT. IlepexBaTHB iickaio- 
HeHiie ThreadAbortException, koa MoaceT 3anpociiTb cboc npeAHa3HaneHHoe TOAbKO 
Aah HTeHim cbohctbo ExceptionState, KOTopoe bcphct o6beKT, nepeAaHHbiii b KaaecTBe 
napaMCTpa. 3to no3BOAHeT noTOKy, Bbi3BaBmeMy mctoa Abort, nepeAaTb AonoAHiiTeab- 
Hyio HHcjiopMaHHio Koay, nepexBaTHBmeMy HCKAiOHemie ThreadAbortException. Xoct 
MoaceT iicnoab30BaTb 3to aah HHcjjopMiipoBaHiiH co6cTB6HHoro nepexBaTbiBaiomero koaa 
O npiTAHHC OCTaHOBKII nOTOKa. 
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B 3toh rjiaBe paccKa3aHO o tom, KaK iiaxo/on i) HiirjtopManHio o Timax, co3AaBaTb hx 
0K3CMII.TM|)bl H odcCIIC'tllliaTb AOCTyil K HX 'Uicna.vi, HeCMOTpH Ha TO TIO BO li|)CMM KOM- 
nHjiapHH 06 othx Timax iiii'icm He h3bcctho. Ciie;i,eimM, npHBe/teHHhie b otoh rjiaBe, 
o6bIHHO HyaCHbl /I.JIH C03/iaH [1 >T flHHaMHHeCKII paCHIIipaeMblX npiUIO>KCHMM, TO eCTb TaKIIX, 
,yiM KOTopbix 0/1,1 la KOMiiamiM coa/i,acT xocT-iipii/iO/Keimc, a /tpyiTie — nodumouaeMbie 
KOMnoueHmu (add-ins), KOTopbie pacmupmoT ())yipixn11oir/uiiai iocxp Pj. xocTa. TecTHpoBaTb 
COBMeCTHyK) paflOTV XOCTa H IIO.TK./IIO'PaCMblX KOMnOHCHTOB HeB03M0aCH0, TaK KaK no- 
C-JIC/IHHC C03/l,aiOTCM pa3HbIMH KOMliailllMMIl, PI]) H'fC'.Vt , KaK npaBHJIO, V/KC nOCJie BbinyCKa 
xocT-iipi'i/iO/Kenna. Bot no'fe.viy xocTy npnxoAHTCH caMOCTOHTenbHO iiaxo/pnb ipo/i- 
K.iio'iaeMbie KOMnoHeHTbi bo ape mm isi.iiio.iiieiin/i. 

/(imaMiinecKii pacmupneMoe npHjioaceHHe MoaceT Hcnojib30BaTb xoctiiht CLR 
h noMeipp.p ii|)n.TO>p/eiiiiii, KaK onucaHO b iviaise 22. Xoct isi.iiio.iiihct ko/i, noAKJHonaeMbix 
KOMnoHeHTOB b OTfle/ibHbix poMonax iipii.TO/Keiinii c co6c'i iseiiiii)i.\m napaMeTpaMH 3a- 
H]HTbi h KOHcjaHrypupoBaHiiH. Xoct TaKace MoaceT Bbirpy3HTb noAK/nonaeMbiH KOMno- 
HeHT, Bbirpy3IIB aOMCII npHJIOaCeHHH, B KOTOpOM OH ISI.IIIO. IIPMeiCM. B KOHH,e I'. iaiil)! MbI 
noroBopiTM o tom, KaK aapei-icTiioiiaTb Bee sth MexaHH3Mbi, — isi/. iioMaM xoctiiht CLR, 
AOMeHbi npiuioacemiii, 3arpy3Ky coopoi/, oSiiapyateiPiie TimoB, coa/iaime 3K3eMnanpoB 
TimoB h OTpaaceHiie, — ,yiM coa/i,aiinM iia/i,e>K'iiom, 6e3onacHoro h /iniia.Mii'pecKii pac- 
mnpjieMoro ii|)ii./io>Keim/i. 

nPMMEHAHME 

B .NET FrameworkBepcnn 4.5 xoMnaHi/ia Microsoft BBena HOBbiPi API OTpaxeHna. y ciapo- 
ro API 6biao MHoro HeAOCTaixoB. Hanpmviep, oh nnoxo noAAepacMBa/i LINQ, BCTpoeHHbie 
nonmi/iKi/i 6bi.ni/i HeKoppeKTHbiMn Ana HexoTopbix H3bixoB, MHorna oh npnHyAHTe/ibHO 
3arpyxan HeHyxHbie c6opkh, b penoM 6bia cjimujkom cnox<HbiM h npeAnaran peiiieHi/in 
pan 3aAan, KOTopbie xpaiiHe pepxo BCTpeianHCb Ha npaxTHxe. B hobom API Bee 3th He- 
AOdaTKH ycTpaHeHbi. C APyroii CTopoHbi, b .NET 4.5 HOBbifi API OTpaxeHna oOnapaeT 
MeHbiueM noriHOTOM, HeM CTapbiCi API. C HOBbiM API v\ HexoTopbiMn MeTOAaMn pac- 
njnpeHi/iM (n3 xnacca System.Reflection.RuntimeReflectionExtensions) moxho cpenaTb 
Bee Heo6xoAHMoe. B 6yAyiAnx Bepci/iax .NET Framework b HOBbiit API 6yAyT BKJiiOHeHbi 
AonoriHMTenbHbie MeTOAti. 

KoHenHO, amm HacTO/ibHbix npi/inoxeHi/iOi CTapbiia API npoAonacaeT noAAap>KHBaTbCM, Tax 
hto nepexoMni/inapiia He HapyLum coBMecTmviocTM cyiAecTByiOLAero xopa. TeM He MeHee 
b pa3pa6oTxax, opp/ieHTi/ipoBaHHbix Ha 6yAyiAee, pexoivieHAyeTca ncno/ib30BaTb HOBbifi 
API, nooTOMy oh 6yAeT noAPo6HO pacciviaTpnBaTbca b 3tom rnaBe. B npnno>xeHi/iaxWin¬ 
dows Store (b xoTopbix npoSneivia coBMecTmviocTn OTcyTCTByeT ) ncnonb30BaHiie hoboto 
API o6M3aTe/ibHO. 
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3arpy3Ka c6opoK 

KaK bh y>i<c 3HaeTe, KoraaJIT -komiihjihtop renepnpycr IL-koa mcto/ia, oh «cmotpht», 
Ha kukhc THnbi ecTb ccbuiKH b I L- ko/[,c. /],ajiee bo ape mm b binojmeHHii J IT - ko ivuih jihto p 
no Ta6jmu,aM MCTa,a,aHHbix TypeRef h AssemblyRef BbiHCHaeT, b Kaicoii c6opKe onpene- 
nen ynoMHHaeMbiii THn. 3ai 1 nc 1 , Ta6jrapbi AssemblyRef conepacHT Bee Haem CTpororo 
HMeHII c6opKH. JIT-KOMnHJIHTOp Co6npaeT BCe 3TH naCTH — IIMM (6e3 paCmil()(‘IIHM 
H nyTH), BepCHIO, peniOHajIbHbie CTaH/iapTbl H OTKpbITblH K'. IIOM — B CTpOKy, a 3aTeM 
iibn aci CM 3arpy3HTb c6opKy c TaKHM hmcficm b ao.mcfi npiinoacemiH (ec./m OHa euje He 
3»arpy>Kena). Ecjiii 3arpyacaeTCH c6opKa c HecTponiM HMeHeM, ii/aMniicjaiiaupiomiaM 
iiH(J)opMaH,HH i[|)e/i,CTaii, : iMCT co6ofi TOJibKo ii mm c6opKn (6e3 Bepcrai, perHOHaJIbHbIX 
CTaHAapTOB H OTKpbITOrO KJHOHa). 

CLR nbiTaeTCH 3arpy3HTb 3Ty c6opKy, HCiio./ibayM c iai ii'ieciaiii mctoa Load KJiacca 
System. Ref lection .Assembly. 3tot mcto/i oniicaH b otkpmtoh ;i,OKyMemaii,nn, ero 
MOJKHO BbI3bIBaTb /1,/IM HBHOH 3arpy3KH c6opKII B CBOH lipi1.TO>K(T[HM. Oh I ipCACTaii.TMCT 
co6ofi CLR-3KBHBajieHT Win 32 -(jjyHKumi LoadLibrary. M cto/i, Load KJiacca Assembly 
cymecTByeT b HecKOJibKiix neperpyaceHHbix Bepciinx. Bot npoTOTimbi Han6ojiee no- 
nyjiapHbix H3 hhx: 

public class Assembly { 

public static Assembly Load(AssemblyName assemblyRef); 

public static Assembly Load(String assemblystring); 

// MeHee nony/iapHbie neperpy>KeHHbie Bepcuu He noKa3aHbi 

} 

BHyTpeHHiifi kojx Load aacTais.TMCT CLR npuMemiTb k c6opKe nojramicy npHBM3KH 
BepcHH c nepeHanpaBJieHiieM h hiuct iiy/Kiiy 10 c6opicy cua'ia.ia b rjio6ajihHOM k.jiiic 
c6opoK (GAC), a 3aTCM nocjieflOBaTejibHO b 6a30B0M KaTanore npiuioaceHiia, KaTajiorax 
3aKpbiTbix nyTeii h KaTajiore, yKa3aHHOM b ij.tcmchtc CodeBase koik})h i vpiai lho n 1 1 oro 
cjiaiuia. Ecjiii MCTO/ty Load nepenaeTCH c6opKa c HecTponiM iimchcm, oh He npiiMCiiMCT 
k Heii nojiHTHKy, h CLR He iimeT ee b GAC. I laii/iyi HCKOMyio c6opKy, Load B03BpamaeT 
ccbuiKy Hao6beKT Assembly, iipe/poaiLTMiomiiii aarpy^Kcmiyio c6opKy. Ecjiii yKaaamiaM 
c6opKa He iiaiviyiia, iiomimmctcm iicioiio'icnne System. 10. FileNotFoundException. 

nPMMEHAHME 

B Hpe3BbNaMH0 peAKtix cmyauuax MOxeT noTpeboBaTbca 3arpy3HTb c 6 opi<y, CKOMnoHO- 
BaHHyio ahm onpeAeneHHoPi Bepcnn Microsoft Windows. B 3 tom caynae npn onpeAeaemiu 
nfleHTMcpnKauMOHHOM uHcJiopMaunn c 6 opkm moxho yKa3aib CBeAemia 06 apxMTeKType 
npopecca. Hanpi/iMep, ecan b GAC xpaHMTca HeifTpaabHaa n cneuuaau 3 npoBaHHaa (x 86 ) 
Bepcnn c 6 opkh, CLR npeAnoiTeT cneu,uaan3npoBaHHyio Bepcnio (cm. raaBy 3). OAHaxo 
moxho 3 acTaBHTb CLR 3 arpy 3 HTb HenipaabHyio Bepcrno, nepeAaB b mgtoa Load xaacca 
Assembly Taxyio CTpoxy: 

"SomeAssembly, Version=2.0.0.0 J Culture=neutral, 

PublicKeyToken=01234567890abcde, ProcessorArchitecture=MSIL" 

Ha MOMeHT Ham/icam/ia stom khmth CLR noAAepxuBaeT neTbipe B03M0XHbix 3Hanei-ma 
napaMetpa ProcessorArchitecture: MSIL (Microsoft IL), x 86 , IA64 m AMD64. 
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BHMMAHME 

MeTOA Load ecib m y obbexTa System.AppDomain. B OT/iunue ot OAHOMMeHHoro MeTOAa 
obtexTa Assembly, oh nB/iaeTcn 3X3eMn/inpHbiM mbtoaom, no3BO/iHK)LAHM 3arpyxaTb 
cdopKy b AOMeH npn/ioxeHnn. 3 tot MeTOA C03A3 h a-bh HeynpaB/iaeMoro xoAa, no3BOJina 
xocTy 3arpy3MTb cdopKy b onpeAeneHHbm aomch npMnoxeHMM. Pa3paboTHMxaM ynpaB- 
jweMoro KOAa /lyniue ero M3beraTb, m bot noneiviy. Ilpn Bbi30Be MeTOAy Load obtexTa 
AppDomain nepeAaeTca CTpoxa, MAeHTM<})MLj 1 npyKDLAaa c6opi<y. 3 tot MeTOA3aieM npnMe- 
Hnei noriHTi/iKy m mlact cbopxy b obwHHbix MecTax: Ha nonb30BaTe/ibCKOM xecTKOM Aticxe 
nan b 6a30B0M xaTanore. BcnoMHme, hto c xaxAWM aomchom npM/ioxeHMM CBfl3aHbi 
napaMeTpw xoHctJMrypaAMM, onpeAenaroiAMe npaBn/ia noMexa cbopxM A-nn CLR. Tax bot, 
npM 3arpy3xe cbopxM CLR 6yAeT pyxoBOACTBOBaTbcn KOHcJ)nrypai 4 neCi 3aAaHHoro, a He 
Bbi3biBaKDLu,ero AOMeHa npM/ioxeHMM. 

OAHaxo MeTOA Load obtexTa AppDomain B03BpaiAaeT ccbmxy Ha c6opxy. B cn/iy Toro, 
hto xnacc System.Assembly He HBJineTcn noTOMxoM System.MarshalByRefObject, obt- 
exTc6opxn B03BpaiAaeTcn Bbi3biBaroiAeMyAOMeHy npn/ioxeHMM nyTeM npoABMxeHna no 
3HaHeHMKD. Ho Tenepb Ana noMexa h 3arpy3xn cbopxM CLR 3aAei/iCTByeT napaMeTpw bh- 
3biBaK)iAero AOMeHa npM/ioxeHMM. Ecnn cbopxy He yAaeTca HanTM npn noMOLAn no/iMTnxM 
Bbi3biBaKDLuero AOMeHa npMJioxeHMi/i nan b 3aAaHHbix mm xaTaaorax noMexa, reHepupyeTca 
MCxaioneHMe FileNotFoundException. Taxaa CMTyapMa o6whho HexeaaTeabHa, noaTOMy 
caeAyeT M36eraTb MeTOAa Load obtexta System.AppDomain. 


B 6ojibiniiHCTBe /iMiia.vniHecKTi pacumpaeMbix npHjioaceHHH mctoa Load o6beKTa 
AppDomain HBJiaeTca iipcAiiOHTrnc.TbiibiM MexaHH3MOM3arpy3Kii c6opicii b aomch npn- 
jioaceHini, ho oh Tpe6yeT iiajirtHHA Bcex h acre it, rr;i,eiiTH())iinii|:)\TOiniix c6opKy. L l aero 
pa.apaoo'i'HiiKii co3AaiOT niic ipyMein bi hah yTHjniTbi (takhc, KaK ILDasm.exe, PEVerify. 
exe, CorFlags.exe, GACUtil.exe, SGen.exe, SN.exe h XSD.exe), KOTopbie onpeAejieHHbiM 
o6pa30M o6pa6aTbiBaiOT c6opicy. Bee ohii npHHHMaiOT napaMeTp Ko.viaiiAiiori ctpokh, 
3aAaiOHiHH nyTb (c pacmupemievi) k cjraiijiy c6opKii. 

Hto 6 m 3arpy3HTb c6opKy c yKaaaiiiiCM nyTH, Bbi30BHTe mcio;i Load From KJiacca 
Assembly: 

public class Assembly { 

public static Assembly LoadFrom(String path); 

// MeHee nony/iflpHbie neperpyrxeHHbie Bepcnn He noxa3aHbi 

} 

Koa LoadFrom CHanajia Bbi3biBaeT mctoa GetAssemblyName KJiacca System. 
Reflection.AssemblyName, KOTopbiH OTKpbiBaeT yKa3aHHbifi (Jtaftji, HaxoAHT 3anncb 
Ta6jiiiu;bi MCTaaaiiiibix AssemblyRef, H3BJieKaeT riAeimi(|)iiKaiLiiommo hf icjiopMauHto 
c6opKii h B03BpamaeT ee b o6beKTe System. Ref lection .AssemblyName ((jtaitji npn atom 
3aKpbiBaeTca). 3aTeM LoadFrom Bbi3biBaeT mctoa Load KJiacca Assembly, nepe/taBaa eMy 
o6beKT AssemblyName. Ha atom .-muie CLR npiiMBHaeT 11 oamtmkv nepeHanpaBJiemm 
Bepciifi h HHieT b oiipeAe.Temniix MecTax eooTBeTCTByiomyio c6opKy. Ha hah c6opicy, 
Load 3arpyataeT ee h B03BpamaeT o6beKT Assembly, npeACTaBAHiomHH 3arpyKeHHyio 
c6opicy; HMeHHO ero B03BpamaeT LoadFrom. Ecjih MeTOAy Load HeyAaeTcaHaimi c6opKy, 
LoadFrom 3arpyacaeTc6opKy nonyra, nepeAaHHOMy b KanecTBenapaivreTpa b LoadFrom. 


3arpy3Ka c6opok 639 


Hcho, 'ito ecjra c6opKa c tcmh ace HAeHTHcjmKaitHOHHbiMH Aamibi.viii yace 3arpyaceHa, 
LoadFrom npocTO B03BpamaeT o6 - beKT Assembly, npeACTaBAmomHH yace 3arpyaceHHyio 
c6opKy. 

KcTara, MCTO/ty LoadFrom MoacHO nepeaaTb b ica'iccmc napaMeTpa URL-aApec: 
Assembly a = Assembly.LoadFrom(@"http://Wintellect.com/SomeAssembly.dll"); 

npn nojiyneHiiii URL-anpeca cpe/ia CLR 3arpyacaeT (jjaftji, ycTaHaBjiiiBaeT ero 
b aarpyaoMiibm kohi nojib30BaTejia h yace H3 Hero 3arpyacaeT cjiaoji. CiiCTC.via noaacHa 
6biTb no/iK. iio'iciia k IlincpiieTy, iinanc iiponaoitACT riCKViio'iemie. O/piaico ecjiH cjiafui 
yace 6bui 3arpyaceH b icjiii paHee, a 6pay3ep Internet Explorer HacTpoeH Ha pa6oTy b aB- 
tohomhom peaaiMe (KOMaHna Work Offline (Pa6oTaTb aBTOHOMHo) b mchio File (<t>aFm)), 
ov/ict ncnojib30BaH (jiaii.'i H3 Kama, h mckatohctthc He B03HiiKHeT. TaKace MoacHO Bbi3BaTb 
mctoa Unsaf eLoadFrom, KOTopbiii 3arpy3HT yace 3arpyaceHHyio Be6-c6opKy, iiraopupya 
HeKOTopbie napaMeTpbi aamuThi. 

BHMMAHME 

Ha oahoFi MarnnHe Moryr HaxoAnTbca pa3Hbie c6opkh c OAHHaKOBOfi nAeHTn<t>nKau,noHHon 
nH<t>opiviauneH. Tax Kax LoadFrom Bbi3biBaeT Load, Moxei 0Ka3aibca, hto CLR 3arpy3HT He 
yKa3aHHbin, a APyroi/i cpaPi/i, hto npeBaio HenpeACKa3yeMbiM noBeAeHneM. HacTOBTe/ib- 
ho peKOMeHAyeTca npn KaacAoFi KOMnoHOBKe c6opkh n3MeHHTb HOMep peAai<unn — Tax 
o6ecneHHBaeica ciporaa n hahb n AysnbHocTb nAeHTHcfiHKauHOHHOH nH<f>opMau,nn Bcex 
cbopoK, a 3HannT, Bbi30B MeiOAa LoadFrom He npi/iHecet HeoxnAaHHOCTeFi. 


KoHCTpyKTopw rpacfmuecKoro iiHTepcJteHca h Apyrne HHcrpyMeHTbi Microsoft Visual 
Studio odbiuHO ncnojib3yiOT mctoa LoadFile KJiacca Assembly. 3 tot mctoa MoaceT 
3arpy3HTb coop icy no .iioooMy nyTH h ero MoacHO aa/tciicmonaTb aah 3arpy3Kii cdopKii 
c HAeHTHUHbiMH napa.viCTpa.viii b e/uiHCTBeHHbiii;io.vien npruioaceHHH. 3 to y/ioono 
b cjiyuae, Kor^a npn iiomoium KOHCTpyKTopa hjih Apyroro HHCTpyMCHTa 6bijra BHeceHbi 
H3MeHeHHH b i pure))ii > i eve k ii ii HHrepc})eHC ii|)h. io>icciiiui, a 3aTeM 3 to npHJioaceHiie 6buio 
codpano 3aHOBO. IIpii 3arpy3Ke LoadFile cpc;i,a CLR He pa3pemaeT 3aBHCHMOCTH aBTO- 
MaTHuecKH, noaTOMy Bam nporpaMMHbiii koa aoaacch 6biTb 3apeniCTpnpoBaH b co6hthhx 
A ssemblyResolve h HMeTb hbho 3arpyaceHHbie MeTOAbi odpaTHbix BM30B0B co6mthh 
B cex 3aBHCHMbIX c6opOK. 

Ecah Bbi co3AaeTe HHCTpyMeHT, KOTopbiii npocTO aHajni3iipyeT MeTaAaHHbie cdopKii 
c iicnoAb30BaHiieM OTpaaceHiiH (06 atom — uyTb no3ace), He BbinojiHsa HiiKaKoro KOAa c6op- 
kh, AyurneBcero aah 3arpy3Kii cdopKii3aAeiicTBOBaTb mctoa ReflectionOnlyLoadFrom 
hah, b HeKOTopbix peAKHx CAyuaax, MeTOA Ref lectionOnly Load KAacca Assembly. Bot 
npoTOTHnbi o 6 ohx mctoaob: 
public class Assembly { 

public static Assembly ReflectionOnlyLoadFrom(String assemblyFile); 

public static Assembly ReflectionOnlyLoad(String assemblystring); 

// MeHee nony/iapHbie neperpyxeHHbie Bepcuu He noKa3aHbi 

} 
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MeTOA ReflectionOnlyLoadFrom 3arpyacaeT yica3aHHbiH (jjanji, He nojiynaa iih- 
(Jiop.viaiiino CTpororo hmchh c6opKii h ne hi.iiio. iiim a noncK (jiaiijia b GAC hjih i/[,c-.;i 1160 
eme. Mera/i ReflectionOnlyLoad BbinojiHaeT noncK yi/a/saimon c6opKii b GAC, 6a- 
30 bom icara/iore npHjioaceHHH, 'lac rmax KaTanorax h Kara.iore, yKa3aHHOM b ajie.vKant 
CodeBase. O/uiaico b otjtipthc ot Load stot mcto/i, He iipiiMCiiaeT iio.iuthkv BepcHii, 
iiooTO.viy hc npexocTaiiJiMCT rapaHTnii, tio 6y,a,eT 3arpyaceHa n.vieimo Ta c6opKa, KOTopaa 
O/KH/UUiaCb. ECJIII Bbl XOTHTe CaMOCTOHTeJIbHO npHMeHIITb nOJIHTHKy BepCHH K c6opKe, 
MoacHO nepe/i,aTb CTpoKy c H/ieHTHcJjHKapHOHHOH h 11 c])op m a u h cit b MeTO/i AppDomain 
KJiacca ApplyPolicy. 

npti 3arpy3Ke c6opoK mctoaom ReflectionOnlyLoadFrom hjih ReflectionOnlyLoad 
cpe/pi CLR 3 anpeiu,aeT BbinojiHeHiie KaKoro-jni6o ico/pi c6opKii, a npn nonbiTKe bh- 
nojiHHTb koa reHepupyeT ncKJHOHeHiie InvalidOperationException. 3 th mctoam 
no 3 BOJiaiOT HHCTpyMeHTy sarpyacai P) c6opKii c OTjio>Kcimi,iM iiOAmtcaimc.vi, c6opKii 
AJia npou,eccopa Apyroii apxiiTeKTypbi, a laioice c6opKH, /lyia 3 arpy 3 Kii kotopmx HyacHhi 
oco6bie pa 3 pemeHiia. 

L laero npn Hcnojib30BaHHii OTpa>i<emia /lym aHajni3a c6opKH, aarpy/Kcimoii oahhm 
H3 yKa3aHHbix xisyx mctoaob, koa AOJiaceH 3apeniCTpiipoBaTb mcto/i, o6paTHoro Bbi30Ba 
Ha co6bmie ReflectionOnlyAssemblyResolve KJiacca AppDomain, hto6m BpyaHyio 3 a- 
rpyacaTb npoii3BOJibHbie c6opKii, aaxaisac.Mbie kjaichtom (npn hco6xoahmocth maabiiiaa 
MeTOA ApplyPolicy KJiacca AppDomain); CLR He xejiacx 3Toro aBTOMaTiraecKii. By/py a it 
Bbi3BaHHbiM, mctoa o6paTHoro Bbi30Ba aojiacch Bbi3BaTb mctoa Ref lectionOnly LoadFrom 
hjih ReflectionOnlyLoad KJiacca Assembly, hto6m hbho 3arpy3iiTb yKa3aHHyio c6opKy 
h BepHyTb ccbuiKy Ha Hee. 

nPMMEHAHME 

MeHH nacTO cnpaiiiuBapoT 0 nopnAxe Bbirpy 3 Kn cbopoK. K coxa/ieHmo, CLR He no 3 Bonaei 
BbirpyxaTbOTAenbHbiec6opKM. Ec/in 6bi 3 to 6bmoTax, B 03 M 0 XHa 6bma6bi cmyapna, Konaa 
noTOK B 03 BpaiAaeT ynpaB/ieHne H 3 MeTOAa b koa BbirpyxeHHOfi c6opkh, n b pe 3 ynbiaTe 
npoMCxoAHT c6oia npn/ioxeHna. OAHaKO cpeAa CLR npeAHa 3 HaneHa b nepByio onepeAb 
Ha noBbiiueHMe HaAexHOCTn 1/1 6 e 3 onacHOCTn, a noAobHbie ebon bbho npoTHBopenai 
3 thm u,e/iaM. HTo6bi Bbirpy 3 HTb cOopKy, npHAeTca Bbirpy 3 HTb Becb AOMeH npmioxeHnH, 
b kotopom OHa HaxoAHTca. noAPobHee cm. maBy 22. 

Ka3anocb 6bi, cbopKn, 3arpyxeHHbie mgtoaom ReflectionOnlyLoadFrom min 
ReflectionOnlyLoad, aojixho 6 biTb pa3pemeHO Bbirpy3HTb. B KOHpe kohu,ob, BeAb koa 
3 thx cbopoK He/ib 3 a Bbino/iHnTb. OAHaKO CLR He pa 3 peinaeT Bbirpy 3 Ky cbopoK, 3 arpy- 
xeHHbix oahum m 3 stux MeTOAOB, no tom npodon npiiHHHe, hto noc/ie 3 arpy 3 Ki/i c6opok 
B bi BcerAa CMOxeTe ncno/ib 30 BaTb OTpaxenne A-nn co 3 AaHnn obbeKTOB, ccbmaiOLAnxcn 
Ha MeiaAaHHbie, onpeAe/ieHHbie b stux cOopKax. npn Bbirpy 3 Ke cbopKn noipeboBanocb 
6 bi K 3 KHM-T 0 o 6 pa 30 M CAe/iaTb oObeKTbi HeAePiCTBme/ibHbiMn, ho OTC/iexnBaHne Bcex 
3 thx CBn 3 ePi — c/ihllikom c/ioxHan n pecypcoeMKan 3 aAaaa. 


MHorne 1 ip h.tojkci 111 m coacpacax EXE-cjiaiiJibi, 3 aBiiciiMbie ot MHorux DLL-cj)aHJiOB. 
IIpn yCTAHOBKC 3THX npil JIO/KCHHM TaiOKC AOJI/KHbl yC'iaiiailJlllliaTbCH BCe (jiaiijl 1,1 . O/i,- 
HaKO 06iji 5 1 nr> npaKTincyeTCH ycTaHOBKa e/niiiCTiiCiniom EXE-cjiaiijia. B stom cjiyiae 
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b nepByio ouepeAb HAeHTH(j)Hu;HpyHTe Bee DLL-ijiaHAbi, ot kotophx 3aBiiCHT Bam 
EX I£-<|)aii. : i h KOTopbie He hbajhotch uacTbio ii. : iaT<))()|)Mi>i Microsoft .NET Framework. 
3aTeM Aooaimrc o r 11 DLL-cjaaruibi k BameMy npoeKTy b Visual Studio h /l/im KaacAoro 
AodaBjieHHoro DLL-4)aiijia OTiqxiirrc okho cbohctb ii H3MeHHTe siia'iciuie Build Action 
Ha Embedded Resource. 3to AeircTBue AacT yKa3aHiie KOMmiAHTopy C# AodaBiiTb DLL- 
(jiaii.Mbi b EXE-cfjaiiji, kotophh b koiicuiom HTore h 6vact ycTaiiaiLumaTbCM. 

Ela3Tane BbinoAHemm nporpaMMbicpeAa CLRHe cmO/KCt naimi3aBHCHMbiecdopKii, 
tio MoaceT Bbi3BaTb npodjieMbi. /[.la pc me mi a mux ii|)o6.;ie.vi 3apeniCTpiipyHTe MCio/ua 
o6paTHoro Bbi30Ba npu noMomu co6biTira Resol veAs sembly npu HHiiiuiajiH3aumi Bamero 
npruioaceHHH. IlporpaMMHbni koa aoaacch BbirAHAeTb npHMepHO TaK: 

private static Assembly ResolveEventHandler(Object sender, ResolveEventArgs args) { 
String dllName = new AssemblyName(args.Name).Name + ".dll"; 

var assem = Assembly.GetExecutingAssembly(); 

String resourceName = assem.GetManifestResourceNames().FirstOrDefault(rn => 
rn.EndsWith(dllName)); 

if (resourceName == null) return null; 

// Not found, maybe another handler will find it 
using (var stream = assem.GetManifestResourceStream(resourceName)) { 

Byte[] assemblyData = new Byte[stream.Length]; 
stream.Read(assemblyData, 0, assemblyData.Length); 
return Assembly.Load(assemblyData); 

} 


ripn nepBOM Bbi30Be b noTOice mctoas, ccbuiaiomerocH Ha Tim, 3aBHCfliu;HH ot 
DLL-()) aii./ia, bo3hiikhct codbiTHe AssemblyResolve, h noKa3aHHbiii nporpaMMHbift 
koa oopaTiiom Bbi30Ba iiaii/LC'[ BCTpoeHHbiii DLL-tjiaHA h 3arpy3iiT ero nyTeM Bbi30Ba 
neperpyaceHHoro mctoaa Load, y KOToporo b KauecTBe apryMCHTa 6yAeT iicnojib30BaTbCH 
Byte [ ]. H xoth MHe HpaBiiTcn npneM Bcrpaii Bairn a 3aBHCHMbix DLL b Apynie coopiai, 
cacavct noMHiiTb, 'no oh y iscxi n n n iiaca odbeM naMHTii, 11 c11 (> , r r i>;jye m o ii npmioaceHiieM 
BO BpeMH BbinOJIHeHIIH. 


Mcnojib 30 Bai-me OTpawem/m ajih co 3 AaHi/m 
AHHaMnnecKH pacumpqeMbix npn/icmem/m 

KaK BaM II3BCCTHO, MCUIAai 111 blC — 3TO Ha6op Ta6). : lIII[. IIpH nocTpoeHim coopicu HAH mo- 
AyAH KOMniiAHTop C03AaeT TadAHHbi onpeAeACHiiii TimoB, noAefi, mctoaob h t. a- B npo- 
CTpaHCTBe hmch System. Reflection ecTb hcckoabko TimoB, no3BOAHiomHx micaTb koa 
pa36opa 3thx Ta6Aim. Ela caMOM acac Timbi H3 3toto npocTpaHCTBa iimch npeAOCTaBAHiOT 
odbeKTHyiO MOACAb AAH padOTbl C MeTaAaHHbIMH cdopKII HAH MOAyAH. 

Timbi, cocTaiiAMioiimc 3Ty oobcicnivio MOAeAb, ikksbo.imiot Aerao nepeuiiCAHTb Bee 
Timbi H3 TadAiiubi onpeAeACHiiii TimoB, a TaKace noAyuiiTb aah KaacAoro H3 hiix 6a30Bbiii 
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Tim, HHTeptJieHCbi h accopHHpoBaHHbie c hum (jxiam. OcTajibHbie THnbi 113 npocTpaHCTBa 
HMeH System. Reflection aaiot B03M0acH0CTb 3anpamiiBaTb no.ia, mctoam, CBOHCTBa 
h co6bmiH Tima nyTeM pa36opa cooTBeTCTByiomux Ta6nim MeTa/iaHHbix. Moacho y3HaTb, 
KaKiiMii aTpn6yTaMii (cm. rjiaBy 18) noMeueHa Ta hah imaa cymHOCTb MeTa/paHHbix. EcTb 
Aaace KJiaccbi, no3BOJimomiie onpc/pcjiHTb yKa3aHHbie c6opKii n MeTOAbi h B03BpamaiomHe 
b MeTOAe 6aHTOBbin IL-noTOK. Pacnojiaraa stoh hi i())0 jiviari ncii, moacho jictko C03AaBaTb 
nporpaMMbi, cxoAHbie c nporpaMMoii ILDasm.exe KOMnaHim Microsoft. 

nPMMEMAHME 

HyxHO nMeTb b Bnfly, hto HeKOTopbie THnbi OTpaxeHna n nacTb nx nneHOB co3AaHbi cnepn- 
a/ibHO Ana pa3pa6omm<OB, nninyiAnx KOMnnaaTopbi abb CLR. npnicnaAHbie pa3pa6oTHHKn 
oSbiHHO He ncno/ib3yiOT 3 th Tnnbi n H/ieHbi. B AOKyMeHTapni/i k 6 n6anoTei<e FCL He CKa3aHO 
neTKO, KaKne Tnnbi npeAHa3HaneHbi abb pa3pa6oTHHKOB komih/ibbtopob, a KaKne — abb 
pa3pa6oTHMKOB npnnoxeHni/i, HoecBn noHHMaTb, hto HexoTopbie Tnnbi h HBeHbi OTpaxeHnn 
npeAHa3HaneHbi «He abb Bcex», to AOKyMeHTaunn CTaHOBMTCB 6oBee noHBTHon. 


B peaAbHOCTii npimoaceHiuiM peAKO TpedyiOTCH Timbi OTpaacemiH. 06 1, imho OTpa- 
acemie Hciio.iij.ayc'ica b 6n6./moTCKax K./iaccois, kotopmm iiv/KTio noHHTb oupcACAcmie 
Tima aah n|)C/i,0CTaii./iemiM pacmiipeHHoii c))y n icilit oirri. i i.iioct n. Hanpimep, Mexami3M 
cepiiajiH3an,HH 113 FCL (cm. r. iany 24) iipn,\tenaeT OTpaacemie, ato6m BbiHCHiiTb, KaKiie 
noAH onpeACjieiibi b Time. 06beKT cjropMaTHpoBamm 113 MexaHii3Ma cepHaAH3an,iiH 
noAyuaeT .iiiaacima sthx iio./ieii 11 3anncbiBaeT nx b noTOK oaihoii aah nepecbuncii no 
HHTepHeTy, coxpaHemm b cjiaiuie hah OTnpaBKii b 6y(f>ep o6MeHa. npoeKTiipoBmiiKii 
Microsoft Visual Studio ncnoAb3yiOT OTpaacemie, UTodbi onpeAeAHTb, KaKiie CBoiicTBa 
CAeAyeT noKa3biBaTb pa3pa6oTUHKaM npn pa.i.viememin OAC.viem ob Ha noBepxHOCTH 
iie6-())0|)Mbi hah (JiopMbi Windows Forms bo BpeMH ee coa/ranim. 

OTpaacemie TaKace npiiMcnaioT, KorAa aah pememm HeKOTopoii 3aAami bo BpeMH 
BbinoAHemiH npiiAoaceHiiio Hyaoro 3arpy3HTb onpeAeAeHHbiii Tim H3 HeKOTopoii cdopKii. 
HanpnMep, npiiAoaceHiie MoaceT nonpocHTb noAb30BaTeAH npeAOCTaBiiTb hmji cdopKii 
h Tima, HTodbi hbho 3arpy3iiTb ee, C03AaTb 3K3eMii.iM|) Aaniioi'o Tima h Bbi3bmaTb ero 
MeTOAbi. Konueinya.ibiio iio/poonoe HcnoAb30Bamie OTpaacemm HanoMimaeT bm30b 
W in32-(J)yHKUHH LoadLibrary h GetProcAddress. L l aero npiiBH3Ky k THnaM 11 Bbi3bi- 
BaeMbiM MeTOAaM, ocymecTBAaeMyio TaKiiM o6pa30M, Ha3biBai0T no3dmiM cen3ueanueM 
(late binding) — b OTAirane ot pannezo ceHSueauusi (early binding), npiiMemieMoro, 
KorAa TpedyeMbie npHAoateHino THnbi h MeTOAbi H3BecTHbi npn komiiii. imuihi. 


npOM3BOfll/ITe/lbHOCTb OTpaKeHMfl 

OTpaacemie — iicK.iio'uiTC./iiaio MomHbiH MexaHH3M, no3BOA>uoniHH bo BpeMH BbinoAHe- 
HIIH o6HapyaCHBaTb II IICn0Ab30BaTb THnbi H HX 'Uieilbl, O KOTOpbIX BO BpeMH KOMnHAHIIHH 
Himero He 6hao h3bcctho. Flo y stoh moiah ecTb /psa cepbe3Hbix HeAOCTaTKa. 
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□ IIpii Hcnojib30BaHiiii o'lpaacemiH 6e3onacHOCTb TimoB Ha .aianc KOMmiJumioi He 
KOHTpOJHipyeTCH. TaK KaK B OTpaaCCHIIII aKTHBHO lipil.MCIIMIOTCM CTpOKII, Bbl TCpMCTC 
6e3onacHOCTb THnoB Ha oiaric komiiii.imhiiii. /(.oiivcttim, ,yiH noncKa rana c HMeHeM 
int cpeACTBaMii OTpaacemm ncnojib3yeTCH bh30b Type. GetType ( "int" ); Kon ycnem- 
ho KOMnujHipyeTCH, ho bo ape mm isiiiiio.iiiemiM B03BpamaeT null, TaK KaK c totkii 
3peHim CLR THn int f la.itM icxctcm System. Int32. 

□ ()Tpa>i<emie pa6oTaeT Me/yieHHO. 11pn Hcnojib30BaHiiH OTpaacemm iiMeHa tiiiiois 
H HX MJKTIbl Ha MO MCI IT KOMnHJIHUHH He H3BCCTHbI — OHII OlipC/H'/IMIOTCM B npOH.eC- 

ce BbinojmeHiM, npiineM Bee limbi h 'i.iem>i ivteiri iKjiinpipyioiCM no CTpoKOBOMy 
HMeHH. 3t0 3HaHHT, TIC) npil OTpa>KCIIII II IIOCTOMIIIIO ISblllO.lllMCTCM nOIICK CTpOK 
b MCTanaHHbix c6opKii npocTpaHCTBa HMeH System. Reflection. L [aero CTpoKOBbiii 
noiicK isbiiio. iiiMCTCM 6e3 yicra peniCTpa, tio aoiio. iiiiiTCTbiio aaMC/uiHCT npon,ecc. 

B o6meM cjiyrae bm30b mcto/hi hjih oopainciiue k nojiio hjih cboiicTisy nocpeacTisoM 
OTpaacemiH TaKace pa6oTaeT Me/yieHHO. I Ipii Hcnojib30BaHiiii OTpaacemra nepen bm30bom 
mcto/ia apryMeHTbi Tpc6ycTC>i cna i ia./ia ynaKOBaTb b MacciiB h imimiiajiiroipoBaTb ero 
ajiCMein hi, a noTOM npri Bbi30Be mcto/hi H3BJieKaTb apryMeHTbi H3 Maccima h noMCiuaTb 
IIX B CTCK nOTOKa. KpOMe Toro, CLR lipilXO/UITCH npOBepjITb npaBIIJIbHOCTb THCJia H Tima 
napaMCTpoB, nepenaHHbix MeTony. H HaKOHeu, CLR npoBepaeT Hajiirnie y Bbi3biBaK>mero 
Kona pa3pemeHiifi nocTyna. 

B cmiy 3 thx npimiiH jiymne He Hcnojib30BaTb OTpaacemie /him oopainemiM k iiojimm 
HJIH BbI30Ba M C T 0 /1, 0 1 i/c I S 0 ii c T I S . ECJIH Bbl niimeTe II]) II .10 >K(J 1 1 lie, KOTOpOe /UlliaMUMCCKTI 
imieT h co.3/i,acT o6beKTbi, cjienyftTe 0 / 1,1 iomv 113 ncpc'iuc/ieiiiibix najiee nonxonoB. 

□ IIopoacnaHTe cboh ranbi ot 6a30Boro THna, H3BecTHoro Ha momcht komhiijimhiih. 
3aTeM, coa/uus 3K3e.Mii/iMp cnoero THna bo ispe.M m isim ii o. iii cm i 11 mi, noMecTHTe ccbMKy 
Ha Hero b nepeMeHHyio 6a30Boro THna (BbinojiHiiB 11 [) 11 dc/ut i nc THna) 11 Bbi3biBaHTe 
BiipTyajibHbie mcto/hm 6a30Boro THna. 

□ PeajiH3yHTe b Timax HHTepcj)eHCbi, H3BecTHbie Ha momcht komiiii. imhiiii. 3aTeM, 
coa/uus aK.ae.Mii.iMp CBoero THna bo ispe.MM isbiiio. ineniiM, noMecTHTe ccbuiKy Ha Hero 
b nepeMeHHyio toto ace Tima, hto ii iiHTepcjieiic (BbinojiHiiB npiiBeneHiie Tima), h bbi- 
3bi naii ic mcto/hm, oiipcacjieniibie b iniTcpcjieik'c. 

H npennouiiTaio BTopoii nonxon, TaK KaK b nepBOM cjiyrae pa3pa6oTTHKy HCB03Moac- 
HO Bbl 6 paTb 6a30BbIli THn, OnTHMajIbHblH HJIH KOHKpeTHOH CHTyaHHII. XOTM MCTO/ 1,11 KU 1 
nopoacHeHiiH CBoero THna ot 6a30Boro jiyime b OTHomeHiin Kompo/iM Bepcnii, noTOMy 
hto bh iscer/ui /i,o6;iis.jmctc Mjieiibi b 6a30BbiH THn 11 iiac./ic/]ycTC ot Hero cboh THn, ho He 
MoaceTe no 6 aBHTb hjichw b nHTepcJiciic 6e3 npimynHTejibHoro H3MeHeHiiH nporpaMMHoro 
Kona Bcex thhob, peajiii3yioiHHx stot iti rrc])cl)ciic, 11 hx noBTopHofi komhhjihhhh. 

B .11060 .M cjiyiae a iiac/TOMTe/ibiio peicoMen/i,yio onpenejiHTb 6a30Bbiii Tim hjih iiHTep- 
4>eiic b hx co6cTBeHHOii c6opKe — 6yn,eT Memme npo6jieM c ynpaBjiemieM BepciiHMii. 
IloHpo6Hee 06 stom cm. pa3neji «Co3Hamie npiuioaceHiiii c no/mepacKoii noHKjnonaeMbix 


KOMnOHeHTOB». 
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Haxo>KfleHne Tunoe, onpefle/ieHHbix b c6opKe 

O'l pa/Kcmic 'facto Hcnojib3yeTCH, hto6h rsbiMCHHTb, Kaioic THnbi onpenejieHb] b c6opKe. 
JXj ih nojiyneHiiH sto ii iiiKjjopManmi FCL npe/yiaraeT HecKOJibKO mctoaob. I lanoo.xcc 
nonyjiapHbiii — cbohctbo ExportedTypes Kjiacca Assembly. Bot npiiMep Kona, KOTopbrii 
.'iaipy/icacT c6opicy h bmboaht HMeHa Bcex onpc/tc.xemibix b Hen OTKpbiTbix aiccnopTH- 
poBaHHbix ti-iiiob: 

using System; 

using System.Reflection; 

public static class Program { 
public static void Main() { 

String dataAssembly = "System.Data, version=4.0.0.0, " + 

"culture=neutral, PublicKeyToken=b77a5c561934e089"; 
LoadAssemAndShowPublicTypes(dataAssembly); 

} 

private static void LoadAssemAndShowPublicTypes(String assemld) { 

// flBHaa 3arpy3Ka c6opKM b flOMeH npunoxeHnii 
Assembly a = Assembly.Load(assemld); 

// Uhk/i Bbino/iHfleTcs Ka>Kfloro Tuna, 

// OTKpbiTO BKCnopTkipyeMOro 3arpy>KeHH0M c6opKOki 
foreach (Type t in a.ExportedTypes) { 

// BbiBOA nOAHOro HMemn Tuna 
Console.WriteLine(t.FullName); 

} 

} 

} 

06i>eKT Type 

IIpniieaemibiii Bbirne koa nepe6HpaeT MaccHB o6beKTOB System.Type. Tim System. 
Type — OTnpaBHaa Tomca a-tx onepaiiHH c THnaMii h o6beKTaMii. Oh iipeACTaiL/iMex 
ccbMKy Ha THn (b otjiiixhc ot onpcACAemw THna). 

KaK Bbi noMHHTe, b System.Object onpc;i,c. : icii OTicpbiTbiH HeBiipTyajibHbifi mctoa 
G etType. Ilpii Bbi30Be otoio .vicxoAa CLR onpcACjiitx THn yKa3aHHoro otTbeicra h BepHeT 
ccbuiKy Ha ero o6beKT Type. IlocKOJibKy a-tm KaacAoro THna b aomchc iipii.xoxccmiii ecTb 
TOJibKO o/uiii o6beKT Type, hto6h m.iHcmrn>, othochtch jih o6beKTbi k o.xiio.viy Tuny, 
moacho 3aneHCTBOBaTb onepaTopbi paBCHCTBa h HepaBeHCTBa: 

private static Boolean AreObjectsTheSameType(Object ol. Object o2) { 
return ol.GetTypeQ == o2.GetType(); 

} 


ITomhmo Bbi30Ba MeTOAa GetType Kjiacca Object FCL npcAxaracT /tpyriie cnoco6bi 
nojiyneHHH o6beKTa Type: 

□ B Time System .Type ecTb HecKOJibKO neperpyaceHHbix Bepcnii CTaxH'iecicom .vtCTOAa 
GetType. Bee ohii npiimiMaiOT THn String. 3 xa CTpoKa AOAACHa coAepacatb noiiHoe 



flpon3BOAHTenbHOCTb OTpaxeHMfl 645 


hmh Tuna (HKViio'iaM ero npocTpaHCTBa hmcii). HMeHa npiiMHTHBHbix thiioh, hoa- 
AepacHBaeMbie KOMnnjiHTopoM (TaKiie, KaK int, string, bool h Apyrne miibi H3biKa 
C#), 3anpemeHbi, noTOMy hto ohii mi'iero He .'snanai' /yin CLR. Ecjih CTpoKa co/tep- 
hcht npocTO hmh Tuna, mcto/i, npoBepneT, oiipe/icjieu jih Tim c yKa3aHHbiM hmciicm 
b Bbi3biBaiomeH c6opKe. Ecjih sto TaK, B03BpamaeTCH ccbuiKa Ha cooTBeTCTByiomnii 
o6beKT Type. 

□ Ecjiii b Bbi3biBaiomeft c6opKe yKa3aHHbift ran He oiipc/icjien, npoBepniOTCH Timbi, 
onpejiejieHHbie b MSCorLib.dll. Ecjiii h nocjie 3Toro Tim c yica3aHHbiM HMeHeM 
HaftTH He y/iacTCH, B03Bpaiu,aeTCH null hjih reHepupyeTCH hckjiiohchhc System. 
TypeLoadExceptlon — Bee 3aBiiciiT ot toto, KaicaH neperpyaceHHaH Bepcun Mcro/ia 
GetType Bbi3biBanacb h KaKiie eft uepe/iaiiajmcb iiapaMeTpi.i. B noKyMCinannn Ha 
FCL ecTb iiCMepm.iiiaioiucc on neat me otoio Mcxo/ia. 

B GetType mohcho nepe/iaTi. nojiHoe hmh Tima c yKa3amieM c6opKH, Hanpimep: 

"System.Int32j mscorlib, Version=2.0.0.0, Culture=neutralj 
PublicKeyToken=b77a5c561934e089" 

B 3tom cjiynae GetType ov/ict HCKaTb Tim b yKa3aHHoft c6opKe (h npn Heo6xo- 
Ahmocth 3arpy3iiT ee). 

□ B Time System. Type ecTb CTaTimccKiift mcto/i Ref lectionOnlyGetType. 3 tot mcto/i 
bcact ce6n TaK ace, KaK TOJibKO hto onucaHHbiii mcto/i, GetType, 3a HCK/noHemieM toto, 
hto THn 3arpyacaeTCH TOJibKO /ljim OTpa>Kemi h, ho ne ajih Brano/memm i/o/ia. 

□ B Time System. Typelnfo ecTb 3K3eMnjinpHbie Mera/tbi DeclaredNestedTypes 
h GetDeclaredNestedTypes. 

□ B Time System.Reflection.Assembly ecTb 3K3eMnjiHpHbie MeTO/tbi GetType, De- 
finedTypes hE xportedTypes. 

nPMMEHAHME 

Microsoft ncnorib3yeT HOTaumo EoKyca-Haypa ajih 3anncn nMeH TnnoB n HMeH c yKa3a- 
HneM c6opkh, KOTopwe ncno/ib3yiOTca Alia Hanncanna ctpok, nepeflaBaeMbix b MeTOAbi 
OTpaxeHna. 3HaHne HOTapnn OKa3biBaeTca oneHb kotath npn ncnonb30BaHnn oipaxeHna 
h ocoGeHHO npn paGoie c BnoxeHHbiMH Tnnaivm, o6o6iAeHHbiMn TnnaMn n MeTOAaMn, 
ccbmoHHbiMn napaMeipaMn mjim MaccnBaMn. 3a no/iHbiM onncaHneM HOTau,nn oGpaiAan- 
Tecb k AOKyMeHTau.nn FCL hjih Bbino/iHHTe noncx b 1/lHTepHeTe no CTpoxe «Backus-Naur 
Form Grammar for Type Names». Bbi TaKxe MOxeTe nocMOTpeTb MeTOAbi MakeArrayType, 
MakeByRefType, MakeGenericType h MakePointerType K/iaccoB Type h Typelnfo. 

Bo mhothx H3biKax nporpaMMiipoBaHHH ecTb onepaTop, no3BOJiHiomHft nojiymiTb 
o6beKT Type no iiMeHii THna. JXjw nojiytemm ccbijiKH Ha Type Jiynme ncnojib30BaTb 
HMeHHO TaKoft onepaTop, a He iiepcTiic/icmibie mcto/i i>i, TaK KaK npn komohjihuhii 
onepaTopa nojiynaeTCH 6ojiee 6biCTpbift ko/i. B C# sto onepaTop typeof, xoth odci'iiio 
ero He npiiMCHHiOT ajih cpaBHeHHH nurfiopMaunH o THnax, 3arpyKeHHbix nocpe/icmoM 
ii03;uicro h paHHero CBH3biBaHiiH, KaK b cjic/iyiomc.M npHMepe: 
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private static void SomeMethod(Object o) { 

// GetType B 03 BpamaeT Tun o 6 beKTa bo BpeMB Bbino/iHeHna 
// (no 3 flHee CBB 3 biBaHne) 

// typeof B 03 BpamaeT Tun yKa 3 aHHoro K/iacca 
// (paHHee CBR 3 biBaHMe) 

if (o.GetType() == typeof(Filelnfo)) { ... } 
if (o.GetTypeQ == typeof(Directorylnfo)) { ... } 

} 


nPMMEHAHME 

riepBaa MHCTpyKpufl if npoBepneT, ccbmaeTcn /in nepeivieHHaH o Ha o6beKTTuna Filelnfo, 
ho He Ha Tun, npon3BOAHbin ot Filelnfo. 1/lHane roBopn, 3tot koa npoBepnei Ha TOHHoe, 
a He Ha coBMecTUMoe cooTBeTCTBue. CoBMedmvioe cooTBeTCTBne obbrno AOCTnraeTcn 
nyteivi npi/iBeASHtin tnnoB nn6o ncno/ib30BaHnn onepatopa is n/in as n3biKa C#. 


KaK ynoMiina.TOd) paHee, o6beKT Type iipcACTaiiAiiCT ccbiAKy Ha Tin, to ecTb co- 
AepaCHT MIIHHMyM IIHlJfOpMaiiHH. /],AH nOJiyAeHHH 6oAee nOAHOH H Hf)iOpMaHHH O Time 
CAeAyeT noAyHHTb o6beKT Typelnfo, npe/ic/aii./iMlomnii onpeAeAemie Tima. 06beKT 
Type moacho npeo6pa30BaTb b Typelnfo bm30bom mcto/ia pacmiipeHim GetTypelnfo 
KAacca System.Reflection.IntnospectlonExtensions: 

Type typeReference = ...; // HanpuMep: o.GetTypeQ m/im typeof(Object) 

Typelnfo typeDefinition = typeReference.GetTypelnfoQ; 

H xoth 3Ta B03M0ACH0CTb MeHee iio./e.'ina, o6beKT Typelnfo moacho npeo6pa30BaTb 
b o6beKT Type bm30bom MeTO^a AsType KAacca Typelnfo. 

Typelnfo typeDefinition = ...; 

Type typeReference = typeDefinition.AsType(); 

IIpii iio.Ty'KTimi o6beKTa Typelnfo CLR npiixo/piTCM y6eACAaTbcn b tom, hto c6op- 
Ka, onpeACjiMIonian Tim, 3arpyAceHa. 3 to aa'ipa'maM onepau,HH, 6e3 KOTopoii moacho 
o6oiiTiicb, ec.Tii BaM AOCTaTOHHO ccbuioK Ha Timbi (o6beKTbi Type). Q/piaico iioc.ie i io/iy- 
hchhm o6beKTa Typelnfo moacho 3anpamiiBaTb MHortie CBOiicTBa Tima h y3HaTb o hiix 
mhoto iio./eanoro. Bo.ibiimncmo cbohctb, TaKiixicaic IsPublic, IsSealed, IsAbstract, 
IsClass, IsValueType h t. a., onHCbiBaiOT cji.iam, CHM.saimbK' c TimoM. /Ipyrac cboh- 
CTBa (k hum othochtch Assembly, AssemblyQualifiedName, FullName, Module h np.) 
B03Bpamai0T ii,vi>i c6opKii, b KOTopoii oiipcACAdi Tim hah MOAyAb, h noAHoe hmh Tima, 
npii noMomii CBOiicTBa BaseType moacho y3HaTb 6a30Bbifi Tim. Bee mctoah h CBOiicTBa, 
npeAOCTaBAneMbie TimoM Typelnfo, onucaHbi b ;i,oKy.\iemaii,iin FCL. 

Co3flaHne Mepapxmi thhob, npoii3BOflHbix ot Exception 

B npHAOAceHiiii-npHMepe ExceptlonTree (hcxoahmh tckct cm. AaAee) onucaHHbie 
KOHHenifHH ii c11 o.ii)3,y iotcfi, htoObi 3arpy3iiTb b /iomoii npiiAOAceHiiii onpcACAemioe 
nOAMHOACCCTBO c6opOK II nOKa3aTb BCe THnbI, KOTOpbie B KOI IC'I I lO.VT HTOre lia<'.TC/l,yiOT OT 
Tima System. Exception. KcTaTH, sto nporpaMMa, KOTopyio a HanucaA, 'itooki coa/pi'ib 
Hepapxmo hckaio’iciihh, npiiiscAcmmo b i. ianc 20. 
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public static void Go() { 

// flBHaa 3arpy3Ka c6opoK p,nn OTpaxemna 
LoadAssembliesQ; 

// bTpapua m copTMpoBKa Bcex TkinOB 
var allTypes = 

(from a in AppDomain.CurrentDomain.GetAssembliesQ 
from t in a.ExportedTypes 

where typeof(Exception).GetTypeInfo().IsAssignableFrom(t.GetTypeInfo()) 
orderby t.Name 
select t) .ToArrayO; 

// nocTpoeHkie w bnboa nepapxnMecKoro AepeBa Hac/ieflOBamiH 
Console.WriteLine(WalklnheritanceHierarchy(new StringBuilder(), 0, 
typeof(Exception), 

allTypes)); 


private static StringBuilder WalklnheritanceHierarchy( 

StringBuilder sb, Int32 indent. Type baseType, IEnumerable<Type> allTypes) { 
String spaces = new StringC ', indent * 3); 
sb.AppendLine(spaces + baseType.FullName); 
foreach (var t in allTypes) { 

if (t.GetTypeInfo().BaseType != baseType) continue; 
WalkInheritanceHierarchy(sb, indent + 1, t, allTypes); 


} 

return sb; 


private static void LoadAssemblies() { 

String[] assemblies = { 

"System, Publ 

"System.Core, Publ 

"System.Data, Publ 

"System.Design, Publ 

"System.DirectoryServices, Publ 
"System.Drawing, Publ 

"System.Drawing.Design, Publ 

"System.Management, Publ 

"System.Messaging, Publ 

"System.Runtime.Remoting, Publ 

"System.Security, Publ 

"System.ServiceProcess, Publ 

"System.Web, Publ 

"System.Web.RegularExpressions, 
"System.Web.Services, Publ 

"System.Xml, Publ 

}; 


icKeyToken={0}", 
icKeyToken={0}", 
icKeyToken={0}", 
icKeyToken={l}", 
icKeyToken={l}", 
icKeyToken={l}", 
icKeyToken={l}", 
icKeyToken={l}", 
icKeyToken={l}", 
icKeyToken={0}", 
icKeyToken={l}", 
icKeyToken={l}", 
icKeyToken={l}", 
PublicKeyToken={l}", 
icKeyToken={l}", 
icKeyToken={0}", 


String EcmaPublicKeyToken = "b77a5c561934e089"; 
String MSPublicKeyToken = "b03f5f7flld50a3a"; 


// riOAyMeHMe Bepcnin c6opKM, coflep>Kaineii System.Object. 
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// 3tot *e HOMep Bepcnn npeflno/iaraeTca a/ib Bcex ocTa/ibHbix c6opoK. 

Version version = typeof(System.Object).Assembly.GetName().Version; 

// flBHaa 3arpy3Ka c6opoK 
foreach (String a in assemblies) { 

String Assemblyldentity = 

String.Format(a, EcmaPublicKeyToken, MSPublicKeyToken) + 

", Culture=neutral, Version=" + version; 

Assembly.Load(Assemblyldentity); 

} 

} 

Co3flaHne 3K3eMn/inpa mna 

I lojiyniii ccbuiKy Ha o6 - beKT, npoii3BOflHbiii ot Type, mopscho C03naTb ok.ic.m r 1.1 nj) stoto 

THna. FCL npe/yiaraeT .yia stoto HecKOJibKO Mexami3MOB. 

□ MeTO/ibi Createlnstance KJiacca System.Activator. 3 tot KJiacc no/mepsciiBaeT 
HecKOJibKO neperpyaceHHbix BepcHii CTani'iecKom MCTO/pa Createlnstance. Ilpn 
Bbi 30 Be 3 TOMy mcto/pv iicpc/pacTCH ccbuiKa Ha o6beKT Type .11160 .iiianeiino String, 
HueHTHcjMmiipyiOHiee Tim o6beKTa, KOTopbiii HyacHO cos/uitP). Bepcnn, npiiHiiMaio- 
mHe THn Type, npome: bm nepenaeTe MeTOny Ha6op apryMeHTOB KOHCTpyKTopa, a oh 
B 03 BpamaeT ccbuncy Ha hobmh o6beKT. 

Bepcnn Createlnstance, b kotophx acenaeMbiii THn 3anaiOT CTpoKOH, nyTb 
c.TO'/Kiice. Bo-nepBbix, /p/ia hiix fi y> kii a eme h CTpoKa, n;pem ii())iinni')yiomaM c6opKy, 
b KOTopoii onpeneneH Tim. Bo-btopmx, 3th mcto/u>i no3BOJifl iot coa/uusaTB y/pa- 
jieHHbie o6beKTbi, ecira npaBiuibHO HacTpoiiTb napaMeTpbi y/pa.icmmro /pociyua. 
B-TpeTbHx, BMecTO ccbuiKH Ha HOBbiii o6beKT 3 th Bepcnn MeTO/ia B03BpaiH,ai0T 
o6beKT System. Runtime. Remoting.ObjectHandle (npoii3BOAHbiii ot System. 
MarshalByRefObject). 

ObjectHandle — sto THn, no3BOJHiiomHH nepenaTb o6beKT, co3naHHbiii b ohhom 
HOmchc npiuioaceHiiii, b npyroii homch, He 3arpyacan b iieaeBOH homch npnjioaceHHH 
c6opKy, b KOTopoii oiipc/pe.ieii stot THn. I lo/uoiomimiiiici) k pa6oTe c i[epe,iaiim>iM 
o6beKTOM, HyacHO Bbi3BaTb MeTOA Unwrap o6beicra ObjectHandle. Toabico nocae stoto 
3arpyacaeTca c6opica, b KOTopoii iiaxo/iyncn .vieTa,iamii>ie iieptMamioi o THna. Ecjih 
B binojiHueTCH ii|)o/uin>Kemi(‘ o6beKTa no ccbuiKe, coa/paioaoi THn-npencTaBHTejib 
h o6beKT-npencTaBHTejib. I Ipu npouBHaceHininoaiiaaemiio icoima/pecepiia.iii3ycTCM. 

□ McTO/ibi CreatelnstanceFrom o6beicra System.Activator. Kaacc Activator Taicace 
no/mepaciiBaeT HecKOJibKO CTaTHnecKHX mctoaob CreatelnstanceFrom. Ohii lie ot- 
./ui'iaiOTca ot Createlnstance 3 a ucK. iio'iemic.vi toto, hto ana hiix Bcer/pa HyacHO 3a- 
naBaTb CTpoKOBbiMii napaMeTpaMii Tim h c6opicy, b KOTopoii oh HaxoniiTCH. 3a/i,aHHaH 
c6opKa 3arpyacaeTCH b Bbi3bmaiomHH aomch npiuioaceHiiii mctoaom Load F rom (a He 
Load) o6beKTa Assembly. IIocKOJibKy hii oahh h3 mctoaob CreatelnstanceFrom 
He npiiHHMaeT napaMeTp Type, Bee ohii B03Bpamai0T ccbuiKy Ha THn ObjectHandle, 
KOTopbiii Heo6xo/i,HMO nonojiHiiTeubHO pa3BepHyTb. 
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□ MeToabi oSbeKTa System.AppDomain. Tun AppDomain no/mepscriBaeT neTbipe 
3K3eMnjuipHbix mcto/ui (y Kaac/i,oro ecTb HecKOJibKO neperpyaceHHbix nepaiii), co3- 
Aaiomux 3K3eMnjuip Tima: Createlnstance, CreatelnstanceAndUnwrap, Create- 
IntanceFrom h CreatelnstanceFromAndUnwrap. Ohh pa6oTaiOT coBceM KaK Mera/tbi 
Activator, HO HBJIHIOTCH 3K3eMnjIHpHbIMII MeTO/iaMH, n03B0JIHH 3a/i,aTb AOMeH 
npHJIOateHHH, B KOTOpOM HySCHO C03A,aTb o6beKT. MeTOAbl, Ha3BaHIIH KOTOpbIX 
OKaHHUBaiOTCH Ha Unwrap, y;i,o6iiee, TaK KaK ohh iio.'sho.tmiot o6oiiracb 6e3 Aonoji- 
HHTejIbHOrO BbI30Ba mcto/ai. 

□ 3K3eMiui5ipHbiH MeToa Invoke oSbeKTa System.Reflection.Constructorlnfo. 

IIpii noMomu ccbuiKii Ha o6beKT Typelnfo mojkho npiiBH3aTbCH k HeKOTopoMy 
KOHCTpyKTopy h nojiynuTb cc 1 ) 1.1 kv Ha o6beKT Constructorlnfo, hto6m 3aTeM bh- 
3BaTb ero mctoa Invoke. HoBbiii o6beKT Bcer/ta coa/iacTOi b Bbi3biBaiomeM aomcfic 
npHjioaceHHH, a 3aTeM boanpamacTcn ccbuiKa Ha hobmh o6beKT. K otomv Mcro/iy mm 
Toate BepHeMCH no3/i,Hee b stoh rjiaBe. 

n PM M EH AH ME 

Cpefla CLR He Tpe6yeT, HTo6bi y 3HannMoro Tuna 6bm KOHCTpyicrop. M sto C03AaeT npo- 
6/ieMbi, TaK KaK Bee nepeHncneHHbie MexaHH3Mbi co3AaiOT oSbeKTnyieM Bbi30Baero koh- 
CTpyKTopa. OAHaKO Bepcnn MeTOAa Createlnstance Tuna Activator no3BO/iaiOT co3AaBaTb 
3K3eMnnnpbi 3HaHHMbix TnnoB 6e3 Bbi30Ba nx kohctpyktopob. HTo6bi co3Aaib 3K3eMnri3p 
3HannMoro Tuna, He Bbi3biBan ero kohctpyktop, hy>kho Bbi3BaTb Bepcnio Createlnstance, 
npMHMMaioiAyiC) eAHHCTBeHHbiFi napaMeip Type, mtih Bepcnio, npuHHMaioiAyici napaMeipw 
Type h Boolean. 

3th MexaHIT3MbI n03B0JIJH0T C03/U:ilia'[ b o6beKTbI JIK)6bIX THnOB, KpOMe MaCCHBOB 
(to ecTb THnOB, npoH3BOAHbix ot System. Array) h AeaeraTOB (hotomkob Tuna System. 
MulticastDelegate). x Tto6m co3/taTb MacciiB, Ha/to Bbi3BaTb CTaraHecKiiii mctoa 
Createlnstance o6beKTa Array (cymecniyeT HecKOJibKO neperpyaceHHbixBcpciiiT stoto 
M eTOAa). B nepBOM napaMeTpe Bcex Bepcini Createlnstance nepe/taeTCH ccbuiKa Ha o6b- 
eKT Type, omicbibaioinnii ran .XTcavieinois MaccHBa. ITpoHHe napaMeTpbi Createlnstance 
no3BOJHiioT aa/uiisaTb pa3MepHOCTb h rpaHHLtbi MaccHBa. /lym coa/iamiM AejieraTa cjie/ty- 
eT Bbi3BaTb CTaTHnecKHii MeTOA CreateDelegate o6beKTa Delegate (y stoto mcto/ia 
laiOKC ecTb HecKOJibKO neperpyaceHHbix bepcnii). IlepBbiH napaMeTp jho6oit Bepcnn 
CreateDelegate — sto ccbuiKa Ha o6beKT Type, ormcbmaroniHii ran AejieraTa. OcTanbHbie 
napaMeTpbi iio.aiio.TaiOT yKa3aTb, ansi KaKoro 3K3eMnjiapHoro mcto/pi o6beKTa hjih a.tm 
K aKoro CTaranecKoro mcto/ia Tuna ACVieraT aojdkch cjiyaciiTb o6ojiohkoh. 

JXjisi coa/iaima .oicse.vni.Tapa o6o6meHHoro Tima CHana.ua nyacno nojiyniiTb ccbuiKy Ha 
OTKpbiTbiii ran, a 3aTeM Bbi3BaTb orapbiTbiii 3K3eMnjmpHbiH mctoa MakeGenericType 
o6'beina Type, iiepe/taB MacciiB thiioh, KOTopbiii HyacHO iicnojib30BaTb b Kaaecnsc napa- 
MCTpoB Tuna. 3aTeM Ha/to nojiymiTb B03BpameHHbiii o6beKT Type h nepe/taTb ero b oahh 
h 3 omicaHHbix paHee mctoaob. Bot iipn.viep: 

using System; 

using System.Reflection; 
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internal sealed class DictionarycTKey, TValue> { } 

public static class Program { 
public static void Main() { 

// nonysaeM ccbmpcy Ha o6beKT Type o6o6upeHHoro Tuna 
Type openType = typeof(Dictionaryc,>); 

// 3aKpbiBaeM o6o6upeHHbifi Tun, ncno/ib3yn TKey=String, TValue=Int32 
Type closedType = openType.MakeGenericType( 
new Type[] { typeof(String)^ typeof(Int32) }); 

// Co3flaeM 3K3eMn/inp 3aKpbiToro Tuna 

Object o = Activator.Createlnstance(closedType); 

// npoBepneMj pa6oTaeT /in Haiue peweHne 
Console.WriteLine(o.GetType()); 

} 

} 


CKOMIIHJIHpOBaB H BbinOJIHIIB 3TOT K'O/P,, MbI IPO.Ty'PH.Yt: 
Dictionary'2[System.String,System.Int32] 


Co 3 flaHne npn/io>KeHHM c nOflfle p>kkom 

nOAKJltOHaeMblX KOMnOHeHTOB 

B nocTpoeHiiii OTKpbiTbix paciiiiipMCMnix npHjioateHHH nempanaioe MecTO 3aHiiMaioT 
ITHTCpcjXTTCbl. BmCCTO HIIX M05KH0 6bIJIO 6bl 3aHCHCTBOBaTb 6a30Bbie KJiaCCbl, HO B o6meM 
ciiynae iiHTepifieiic npemionTHTejibHee, TaK KaK no3BOJiaeT pa3pa6oTnmcy nomononaeMO- 
ro KOMnoHeHTa (add-in) m.iopaab coocTiscimbio 6a30Bbie KJiaccbi. /[oiivcthm, bbi xothtc 
coa/iaxi, npHjioateHHe, ipo.3bo.th lomcc nojib30BaTejiHM co3naBaTb THnbi, KOTopbie Baine 
ri]) h. io>kci ine c.ypo/KCt 3arpyacaTb h iipn.vieiiHTb. TaKoe npiuioacemie nonacHO CTpoiiTbcn 
cjienyioniHM o6pa30M. 

□ Co3Aai“iTe cdopicy /yia xocTa, onpenejiaiomyio HHTep^eiic c MeronaMH, odecnemiBaio- 
miiMii liaanMoaciicTHHC Bamero npiuioaceHiiH c iio.TK'.TiO'iac.vipaMii KOMnoHeHTaMH. 
Onpenejinn napaMeTpbi h B03BpamaeMbie 3 iianciiH>T mcto/iois otoio iiinep())CMca, 
nocTapafiTecb 3aneiiCTBOBaTb npyme HHTepcjjeftcbi hjih THnbi, onpeneneHHbie 
BMSCorLib.dll. Ecjiii HyacHO nepenaBaTb h B03BpamaTb codcTBeHHbie Timbi p,aHHbix, 
oii|)C,TC.thtc hx b 3toh ace cdopKe. 3a/p,an nincp())CMC, /puric cdopicc CTporoe iimh 
(cm. raaBy 3), iioc.tc nero MoaceTe nepenaTb ee cboiim napTHepaM h p io.t i>:ioinxpc'./ixi m. 
Ilocjie nydjiHKaniiTi HyacHO H36eraTb . 1106 nix H3MeHeHiiii THnoB coopiai, KOTopbie 
MoryT HapymiiTb paocny iio.aK. iio'pacMiax MO/iyaicii. B aac'inocTH, isoooippc 1 pc. p p>3»xp 
H3MeHHTb HIITCp(j)CiiC. Ho CC.TIP Bbi 01 ipC/l,C.TI 1 .T 11 Tlfflbl flaHHblX, IPII'ICm He CJiynHTCH, 
ecjiii bm /lodaniiTC b hiix HOBbie 'i./km p i>i . Bpiccm KaKiie-jiiido iia.vieneiiiiH b coop icy, 
HyacHO pa3BepTbiBaTb ee BMecTe c ())aii.TO.vi iio.tiithkti ii3AaTejia (cm. raaBy 3). 
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nPMMEHAHME 

Bbi Moxeie ncno/ib30BaTbTnnbi, onpeAe/ieHHbie b MSCorLib.dll: CLR BcerAa 3arpy>KaeT 
Ty BepcnK) MSCorLib.dll, KOTopaa cooTBGTCTByei Bepcuu caMofi cpeAbi CLR. KpoMe toto, 
b npopecc BcerAa3arpyxaeTcnTO/ibKO OAHa Bepcwa MSCorLib.dll. 1/lHane roBopa, pa3Hbie 
Bepcnn MSCorLib.dll HMKorAa He 3arpy>KaiOTCH coBMecTHO (cm. maBy 3). B more Heco- 
OTBeTCTBi/iM BepcwM Ti/ina He 6yAeT, m Baine npmioxeHi/ie ncnoab3yeT MeHbiue naMn™. 


□ Pa3pa6oTHIIKII nOAKAIOHaeMbIX KOMIIOHeHTOB, KOHeAHO, OnpeACAHT CBOIi THnbI 
b co6cTBeHHbix c6opKax. KpoMe Toro, hx c6opKii 6yAyT ccbi. ia i bca Ha Bamy iiHTep- 
(jicricuyio c6opKy. CTopoHHiie pa.'spaooT'iiiiai Taioice cMoryT BbiAaBaTb HOBbie Bepcim 
CBOHX c6opOK, KOrAa 3axOTHT: ll|)l1./IO>KCime CMOACCT BOCnpiIHHMaTb IIOAICnO'Pae.MbPC 
THnbI 6e3 lipOO./ICM. 

□ Co3AaHTe c 6 opKy, co/i,cp>Kaiuyio Timbi Barnero iipii./io>icciPiia. Oacbhaho, OHa 6 ya,eT 
ccbi./iai bCM Ha nmc|)())ciic h Timbi, onpcACAeimi.ie b nepBoii c 6 opKe. Koa c 6 opKii bbi 
MOAC eTe I13.MCI PHTb KaK yrOAHO. I loCKO. IbKy pa.3pa6oT'{HKH ll(),TK.MIO>iaCMI)IX KOMnO- 
hchtob hc ccia.iaiOTca Ha 3Ty c 6 opKy, bh moacctc b .11060 ii mom cm BbmaTb ee HOByio 
BepCIIIO, H 3TO He 3aTpOHeT CTOpOHHIIX pa3pa6oTAHKOB. 

3TOT KOpOTKIIH pa3ACA COAepACHT O'PCI P b BAACHyiO IIH(|)OpMaH,HIO. McilO. lb.3ya THnbI 

b pa3Hbix c6opKax, i ic.'i pcs a 3a6biBaTb o Bepciiax. He noAcaneHTe BpeMeHii h hijP/iccp pitc 
B OTACAbHyiO c6opKy THnbI, KOTOpbie Bbi npi-IMeHHeTe AAH B3aiIM0AeHCTBIIfl MCACAy c6op- 
KaMH. H36eraiiTe H3MeHemiH sthx thiioh ii HOMepa Bepcim laicon c6opKii. OAHaKO ccj1 11 
BaM AciicTiiiiTejii>iio HyACHO H3MeHHTb oiipcACAeima TiinoB, ofiacaTemuio iiOMCiiairie 
HOMep BCpCHH H C03AaHTC (jpami nOAHTHKH II.3/An'C. : ia AAH HOBOii BCpCHH. 

A Tenepb mm paccMOTpiiM oahh oaciii) npocTOH cucnapnit, b kotopom iiciio./ibaycTca 
Bee, o HCM mm roBopiiAH. Bo-nepBbix, HaM HyAceH koa c6opKii A- : ia xocTa: 

using System; 

namespace Wintellect.HostSDK { 
public interface IAddln { 

String DoSomething(Int32 x); 

} 

} 

3aTeM HAeT koa c6opKii iiOAicno'tae.Mom KOMnoHeHTa — 6 ii6. : iiiotckii AddlnTypes.dll, 
b KOTopoii onpeAeAeHbi ABa otkpmtmx Tima, peajni3yiomHe iiHTepcjieHC HostSDK. J\ji a 
nocTpoeHHH 3 toh c6opKn hco6xoahmo Ao6aBHTb ccbmKy Ha HostSDK.dll: 

using System; 

using Wintellect.HostSDK; 

public sealed class AddIn_A : IAddln { 
public AddIn_A() { 

} 

public String DoSomething(Int32 x) { 
return "AddIn_A: " + x.ToStringO; 
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} 

} 

public sealed class AddIn_B : IAddln { 
public AddIn_B() { 

} 

public String DoSomething(Int32 x) { 

return "AddIn_B: " + (x * 2) .ToStringQ; 

} 

} 

TpeTbHM paCCMOTpiiM KOfl c6opKII npOCTOrO XOCTa (KOHCOilbHOrO 11 |)H.IO>KCI III m) — 
cjiafuia Host.exe. IIpii nocTpoeHiiri 3 toh c6opicii Hcnojib3yeTca ccbmica Ha HostSDK.dll. 
OnpenejiHH iicnojib3yeMbie no/HunonaeMbiM MOuyneM THnbi, icon xocTa npe/mojiaraeT, hto 
HCKOM bie THnbi onpe/iejieHbi b c6opKax, cjiaiijibi KOTopbix coAepacaT paciniipemie dll, a caMii 
c6opKii pa3BepHyTbi b tom >kc KaTanore, ti o h EXE-cjiafui xocTa. BudjiHOTeica Microsoft 
MEF (Managed Extensibility Framework) crpo pitch Ha 6a3e pa3. : iii'iiii>ix MexaHH3MOB, 
KOTopbie h neMOHCTpupyio b 3tom paa/icjic, a raioice npenocTaBjiaeT noiio. iiiine.iiHii.ie 
cpe/iCTiia pcnicTpannn h noncica nonKjnonaeMbix KOMiioipeinoii. Ecjih bm 3amiMaeTecb 
nocTpoemieM uriHaMiraecKH pacmiipaeMbix npruioacemiii, a peKOMeHnyio nodiraace no- 
3HaKOMHTbca c MEF, noTOMy 'no 3 to ynpocTHT nacTb MaTepnajia 3'toii rnaBbi. 

using System; 

using System.10; 

using System.Reflection; 

using System.Collections.Generic; 

using Wintellect.HostSDK; 

public static class Program { 
public static void Main() { 

// Haxoflmvp KaTanor, coaepjKamnii 4>aii/i Host.exe 
String AddlnDir = 

Path.GetDirectoryName(Assembly.GetEntryAssembly().Location); 

// npeflnonaraeTcn, sto c6opi<n noflK/iiOHaeMbix MOflynePi 

// HaxoflfPTcn b oflHOM KaTa/iore c EXE-(|)aii/iOM xocTa 

var AddlnAssemblies = Directory.EnumerateFiles(AddInDir, "*.dll"); 

// Co3flaHne Ha6opa o6beKTOB Type, KOTopbie MoryT 
// HCn0/lb30BaTbCfl XOCTOM 
var AddlnTypes = 

from file in AddlnAssemblies 
let assembly = Assembly.Load(file) 

from t in assembly. ExportedTypes // OTKpbiTO aKcnopnupyeMbie Tiunbi 
// Tun MOxeT ncnonb30BaTbcn, ec/in bto K/iacc, pea/in3ypomnPi IAddln 
where t.IsClass && 

typeof(IAddln).GetTypeInfo().IsAssignableFrom(t.GetTypeInfo()) 

select t; 

// MHHLpwa/iM3aunfl 3aBepiueHa: xoct o6Hapy>Knn Tiunbi, npnroflHbie ri in ncnonb30BaHnn 
// ripniMep KOHCTpynpoBaHna o6teKTOB noflicmoHaeMbix KOMnoHeHTOB 
// n nx ncno/ib30BaHnn xoctom 
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foreach (Type t in AddlnTypes) { 

IAddln ai = (IAddln) Activator.Createlnstance(t); 

Console.WriteLine(ai.DoSomething(5)); 

} 

} 

} 

B 3 tom npocTOM npimepe He iiciio.Tb3\TOTCM /[.o.vicn i>i npHjioaceHHH. Oaiphico b peanb- 
HOH 3CH3HH nOAKAIOUaeMbie MOAyAH C03Aai0TCH B Co6cTBeHHbIX flOMeHaX npHJIOaCeHHH 
c co6cTBeHHbiMii napaMeTpaMH 3amiiTbi h KOHcjiHrypupoBaHiiH. H, KOHenHO ace, aomch 
npujioaceHHH MoacHO Bbirpy3HTb, ecaii HyacHO y/UL/nrn, noAKAiouaeMbiH MO/iy.n, H3 
naMHTH. L Ito 6 p>I OOCCIPC'tllTP) B3aHMOAeHCTBHe MOKAV aOMCIia.MI1 npHJIOaCeHIIH, ay 'III PC 
Bcero noTpe6oBaTb ot pa 3 pa 6 oTHHKOB noAKAiouaeMbix MoayaeH co3AaBaTb co 6 ctbch- 
Hbie BHyTpeHHiie THnbi, npoii3Boa,Hbie ot MarshalByRefObject. Ilpn co.3/i,aiiiiii hoboto 
AOMeHa npHjioaceHHH xoct co3AacT b hcm aic.aeMiiAap co6cTBeHHoro npo 113,iio.lipop cp ot 
MarshalByRefObject rana. Koa xocTa (b ochobhom aomchc) 6yAeT B3aiiM0AeiicTB0- 
BATb c co6cTBeHHMM TimoM (b aPVttpx AOMeHax), 3acTaBAaa iix 3arpyAcaTb c6opKii 
ii()Aic.Tio>paeMbix MOAy.Tcii, co3AaBaa h HcnoAb3ya 3K3eMnAapbi oiipeAC.Teniii.ix b othx 
MOAyAHX THnOB. 
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JXo HacToamero MOMema a paccKa3biBaa o Tex cocTaBaaiomux MexaHH3Ma OTpaaceHiia — 
3arpy3Ke c6opoK, HaxoacAeHiin thhob h co3AaraiH o6beKTOB, — KOTopbie iico6xoaitmp>i 
AA a C03AaHHa AHHaMHuecKii pacnmpaeMbix npiTAOXCcniui. OAHaico, UTodbi oocciicpiit P) 
BblCOKyiO PI])0113I50/L11PCJPP>IPOC P Pa H 6e30naCH0CTb THnOB BO BpeMa KOMniMaiiHH, HyaCHO 
H36eraTb OTpaaceHiia. B AHHaMHueciCH pacmiipaeMOM npHAoaccHHH iioc.tc co3AHHHa 
o6beKTa koa xocTa oopjI'iipo npiiBOAHT o6beKT k HHTepcjreHCHOMy thipv (sto npeAno- 
HTHTejIbHblii BapiiaHT) HAH 6a30B0My Kaaccy, H3BCCTH0My Ha MOMCHT KOMHHAHUHH; 3T0 
ooccnc'PiiiiacT' 6biCTpoTy AOCTyna k 'paciiam o6beKTa h 6e3onacHOCTb thhob bo BpeMa 
KO M n HA a P ITT H . 

B ocTaBmefica uacra stoh p . itiu p>i a paccKa3biBaio o HCKOTopbix acneKTax OTpaaceHiia, 
npHMeHaeMbix Ana HaxoacAeHiia h Bbi30Ba 'uieiion THna. Bo3MoacHOCTb noncKa h bh- 
30Ba 'i.Teiiois THna oSmuho HyacHa npn co3AaHHH HHCTpyMeHTOB ajia pa3pa6oTUHKOB 
h cpeACTB aHaAH3a c6opoK, opueHTiipoBaHHbix Ha BbiaBAeHiie onpeAeAeHHbix CTpyKTyp 
b nporpaMMHOM KOAe hah iicnoAb30BaHiieoiipe/pcAeniii.ix 'uieiioii. B xauecTBenpimepa 
TaKHX HHCTpyMeHTOB npiiBeAy ILDasm, FxCop h KOHCTpyKTopw cjiopM AAa npHAoacemiH 
Windows Forms h Web Forms, pa3pa6aTbiBaeMbix b Visual Studio. Taioxe b HeKOTopbix 
6n6AiiOTeKax kauccob cymecTByeT B03M0acH0CTb HaxoacAeHiia h Bbi30Ba 'i.TCiioii Tima 
AAa npeAOCTaBAeHiia pa3pa6oTUHicaM pacmupeHHoii cjiyHKLuiOHaAbHOCTH. IIpHMep — 
6 h 6 ahotckh, odecneaiiBaiomiie cepiiaAimaiLHio h AecepiiaAii3au,Hio, a Taicace npocTyio 
npiiBa3Ky k AaHHbiM. 
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Haxo>KAeHne H/ieHOB Tuna 

L [;iClia.\ll] THna MOryT 6bITb IIO.'IM, KOHCTpyKTOpbl, MCTO/PjI, CBOHCTBa, Co6bITHH H bjio- 
aceHHbie Timbi. B FCL ecTb Tim System.Reflection.Memberlnfo — a6cTpaKTHbifi 
KJiacc, iiHKancyjmpyiomiifi Ha6op cbohctb, o6h[hx /yia BcexmreHOB Tima, y Memberlnfo 
mhoto /yj'iepimx KJiaccoB, icaayibiH H3 kotophx iniK'aiicy.'mpycT iyTb 6o.ii> me cbohctb 
OT/i,ejibHbix mjiciioh Tima (puc. 23.1). 



Puc. 23.1.1/lepapxna TnnoB OTpaxeHna 


I Ipnne/tcimaM nanee nporpaMMa /tCMOiiCTpnpycT, KaK 11y >k no 3anpamiiBaTb hjichh 
T ima H BbIBOflHTb IIHCjlOpMaUIIIO O HHX. 3tOT KOA o6pa6aTbIBaeT BCC OTKpbITbie TIinbI BCCX 
c6opoK, 3arpyKeHHbix b Bbi3biBaiomHH /lo.vici i ii|)n./io>Kcmiii. J\jik Kai/iora Tima Bbi3bi- 
BaeTCH cbohctbo DeclaredMembers, KOTopoe B03BpamaeT KO./i. : icKmiio o6beKTOB Tima, 
npoii3BO/i,Horo ot Memberlnfo; Kaacubiii o6beKT omicbiBaeT opini hjich 113 onpenejieHHbix 
b Time, /lajice /lym Kaac/i,oro 'uiena bmbouhtch ero onucaHiie (none, KOHCTpyKTop, mcto/i,, 
cbohctbo h t. n.) h CTpoKOBoe 3iia>iciine (nojiyncHHoe bm30bom ToString). 

using System; 

using System.Reflection; 


public static class Program { 
public static void Main() { 

// nepe6op Bcex c6opoK, 3arpy)«eHHbix b flOMeHe 

Assembly[] assemblies = AppDomain.CurrentDomain.6etAssemblies(); 
foreach (Assembly a in assemblies) { 
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Show(0, "Assembly: {0}", a); 

// noncK TunoB b c6opKe 

foreach (Type t in a.ExportedTypes) { 

Show(l, "Type: {0}", t); 

// no/iyHeHne nH(|)opMamiM o 4/ieHax Tuna 

foreach (Memberlnfo mi in t.GetTypelnfoQ.DeclaredMembers) { 

String typeName = String.Empty; 

if (mi is Type) typeName = "(Nested) Type"; 

if (mi is Fieldlnfo) typeName = "Fieldlnfo"; 

if (mi is Methodlnfo) typeName = "Methodlnfo"; 

if (mi is Constructorlnfo) typeName = "Constructolnfo"; 

if (mi is Propertylnfo) typeName = "Propertylnfo"; 

if (mi is Eventlnfo) typeName = "Eventlnfo"; 

Show(2, "{0}: {1}", typeName., mi); 

} 

} } 

} 

private static void Show(Int32 indent. String format, params Object[] args) { 
Console.WriteLine(new String(' ', 3 * indent) + format, args); 

} 

} 

Ilocjie KOMnnjiHiiHH h 3anycKa ii|:)ii.to>k<tiiim mm no.TV'iacM Maccy HHcjiopMaiiHH. 
Bot ee nacTb: 

Assembly: mscorlib, Version=4.0.0.0, Culture=neutral, 

PublicKeyToken=b77a5c561934e089 
Type: System.Object 

Methodlnfo: System.String ToString() 

Methodlnfo: Boolean Equals(System.Object) 

Methodlnfo: Boolean Equals(System.Object, System.Object) 

Methodlnfo: Boolean ReferenceEquals(System.Object, System.Object) 

Methodlnfo: Int32 GetHashCode() 

Methodlnfo: System.Type GetType() 

Methodlnfo: Void FinalizeQ 

Methodlnfo: System.Object MemberwiseClone() 

Methodlnfo: Void FieldSetter(System.String, System.String, System.Object) 
Methodlnfo: Void FieldGetter(System.String, System.String, 

System.Object ByRef) 

Methodlnfo: System.Reflection.Fieldlnfo GetFieldInfo(System.String, 

System.String) 

Constructolnfo: Void .ctor() 

Type: System.Collections.Generic.IComparer'1[T] 

Methodlnfo: Int32 Compare(T, T) 

Type: System.Collections.IEnumerator 
Methodlnfo: Boolean MoveNextQ 
Methodlnfo: System.Object get_Current() 

Methodlnfo: Void ResetQ 
Propertylnfo: System.Object Current 
Type: System.IDisposable 
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Methodlnfo: Void Dispose() 

Type: System.Collections.Generic.IEnumerator'1[T] 

Methodlnfo: T get_Current() 

Propertylnfo: T Current 
Type: System.ArraySegment'1[T] 

Methodlnfo: T[] get_Array() 

Methodlnfo: Int32 get_Offset() 

Methodlnfo: Int32 get_Count() 

Methodlnfo: Int32 GetHashCode() 

Methodlnfo: Boolean Equals(System.Object) 

Methodlnfo: Boolean Equals(System.ArraySegment'1[T]) 

Methodlnfo: Boolean op_Equality(System.ArraySegment'1[T], 

System.ArraySegment'1[T]) 

Methodlnfo: Boolean op_Inequality(System.ArraySegment'1[T], 

System.ArraySegment'1[T]) 

Constructolnfo: Void .ctor(T[]) 

Constructolnfo: Void .ctor(T[], Int32, Int32) 

Propertylnfo: T[] Array 
Propertylnfo: Int32 Offset 
Propertylnfo: Int32 Count 
Fieldlnfo: T[] _array 
Fieldlnfo: Int32 _offset 

TaK KaK THn Memberlnfo HBJiaeTCH KopHeM nepapxHii, ctoht o6cya,HTb ero nonpo6- 
Hee. B Ta6ji. 23.1 noica3aHbi HeKOTopbieHeH3MeHHeMbie (TOJibKo ana mtciiiim) cBOHCTBa 
h MeTOAbi THna Memberlnfo, o6mne ana bccx hjichob Tima. KaK bm noMHHTe, System. 
Type HacjienyeT ot Tima Memberlnfo, noaTOMy Type TaKace o6jiaa,aeT bccmii nepeunc- 

JieHHblMII B Taf).T III I.C CBOHCTBaMII. 


Ta6/uiLia 23.1 . CBOMCTBa m MeTOAbi, o6mne Ana Bcex tmtiob, npon3BOAHbix 
ot Memberlnfo 


Mmsi H/ieHa 

Tun H/ieHa 

OnncaHne 

Name 

Cbohctbo String 

Bo3BpamaeT hmh uieHa 

DeclaringType 

Cbohctbo Type 

Bo3BpamaeT Tim, o6t>hbthhoiiihh uneH 

Module 

Cbohctbo Module 

Bo3BpamaeT MonyjiB, o6t>hbthhoiiihh ujieH 

C ustom Attributes 

Cbohctbo, B03Bpa- 
maiomee IEnumer 
able< Custom Attri 
buteData> 

Bo3BpamaeT KOJUieKpino, KaxatiH sjieMeHT koto- 
poii imeHTHcjMiijHpyeT 3K3eMnjmp HacTpaiiBaeMo- 
ro aTpudyTa, kotophm noMeueH stot ujieH. TaKiie 
aTpudyTH MoryT npiiMeHsm>CH k jnodoMy ujieHy. 

H xoth Tim Assembly He HacjienyeT ot Member¬ 
lnfo, oh npea,ocTaBjineT TaKoe xe cbohctbo, ko- 
Topoe MoxeT iicno.ni>30BaTbC5i co cbopKaMii 


Kaac/ibiH ajieMeHT kojtjickuhh, B03BpamaeMoii DeclaredMembers, npe/tCTaBJiaeT co6oii 
ccbuiKy HaKOHKpeTHbiii Tim H3 3Toii HepapxHH. IIomiimo Meto/ta DeclaredMembers, bo3- 
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Bpamaiomero Bee HjieHbi Tima, Typelnfo raioicc noMepaciiBaeT MeTO,a,bi, B03BpamaK>mne 
onpe/i,ejieHHbie pa3HOBH/i,HOCTHHjieHOB: GetDeclaredNestedType, GetDec la red Field, 
GetDeclaredMethod, GetDeclaredProperty h GetDeclaredEvent. Bee oth mctoah 
B 03Bpamai0T ccbuiKy Ha o6i>eKT Typelnfo, Fieldlnfo, Methodlnfo, Propertylnfo hjih 
Eventlnfo cootbctctbchho. Taioicc cymecTByeT mcto/p, GetDeclaredMethods, B03Bpa- 
maiomnii k'o./i./icki ui 10 o6 - beKTOB Methodlnfo c onucaHiieM MCTO/toii, cooTBeTCTByiomux 
;sa/p,aiiiio\ty CTpoKOBOMy n.vieim. 

Ha piic. 23.2 npe/i,CTaBJieHa CBO/uca throb, ncnojib3yeMbix npHJioaceHiwMii /yra o6xo/i,a 
morc./i n o6t>cktob (npa>Kemia. /(o.vicip iipii.ioaccniiii (AppDomain) /rict B 03M0acH0CTb 
y3HaTb, KaKne c6opKii b Hero 3arpyaceHbi, c6opKa (Assembly) — H3 KaKiix xio/pyjicii OHa 
coctoht, a c6opKa (Assembly) hjih mo/p,vji i> (Module) — oiipeacaacMbic b hiix Tiinbi. 
B cbok) OMcpe/1,1), Tim (Type) noaiiO./is-iCT nojiyairi b HHcjiopMaijHio 060 Bcex ero ajicnax 
(b.iO/Kemibie Tiinbi, iio./im, KOHCTpyKTopw, mcto/p, w, cboiicma h co6biTiia). npocTpaHCTBa 
I-IMeH He BXOflHT B IiepapXHIO, TaK KaK OHH npeACTaBJEHIOT C060H CHHTaKCHHeCKHe Ha6opbI 
THnoB. Ecjih ii v/iciio nepeHHCJiHTb Bee npocTpaHCTBa hmch, onpe/i,ejieHHbie b c6opKe, 
AOCTaTOHHO nepenHCJiHTb Bee Tiinbi b c6opKe h npocMOTpeTb hx CBOHCTBa Namespace. 



Pmc. 23.2. Tnnw, ncnoab3yeMbie npn/ioxeHnnMi/i Ana oGxofla oGbeicmou MOfle/in OTpaxem/ia 

Tim no3BOJuieT TaiOKe naxo/u-n i) peajni3yeMbie hm mncpcjiciicbi (KaK oto c/iejiaTb, 
a iioicaacy iio3>kc). H h3 KOHCTpyKTopa, mcto/ia, MeTOAa-aKceccopa cBoftcTBa hjih mcto/pa 
coa/pai 111 >1 /y;i,a;i(‘ip 11 a coooiipcipii a mtokho Bbi3BaTb mctoj GetParameters, hto6m nojiy- 
HiiTb Macci-iB o6 - beKTOB Parameterlnfo, KOTopbie imcjiopMHpyiOT Bac o Timax napaMeTpoB 
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HjieHOB. Moa®o TaKace 3anpociiTb cbohctbo ReturnParameter, htoOm noayaiiTb oObckt 
P arameterlnf o c noapoOHOii HHcjiopMaijHeH o B03BpamaeM0M 3HaaeHHH aaeHa. HtoOm 
noayaiiTb Ha6op napaMeTpoB THna aaa o6o6meHHbix thiiob h mctoaob, MoacHO Bbi3bi- 
BaTb mcto/t GetGenericArguments. I laicoipen, 'ito6p)I noayiHTb Ha6op pi ccia 11 /p.app ip f>i x 
aTpiiSyTOB, npi-iMeHeHHbix ko bccm yKa3aHHbiM cyiniioc'ia.vi, MoacHO Bbi3biBaTb mctoa 
G etCustomAttnibutes. 


06 pameHne k mieHaM mnoB 

HTaK, Bbi 3 HaeTe, KaK nojiyHHTb p-iPicfiopManmo o 'i/ieiiax Tima. C ic/pyiomiiM rnaroM 
AOJiacHO cTaTb o 6 pameraie k 0/1,1 iomv H 3 othx 'p/ienois. TepMim «o 6 pameHiie>> b /i,;iiiipo.vp 
c./iy'tae 3 aBHCHT ot pa 3 HOBimHOCTH 'p/ici 1a. B 'ia 6 . : i . 23.2 yKa 3 aHO, Kaicne mctoah caeayeT 
Bbi 3 biBaTb b KaacaoM KOHKpeTHOM c/iyiae. 


Ta6/iMLia 23.2. MeTOflbi oOpameHWP k H/ieHaivi tmpiob 


Tun 

OrwcaHMe 

Fieldlnfo 

Mejojx GetValue nojiyuaeT 3HaueHue nojiu, MeTOjx SetValue — 3a^aeT 
ero 3HaueHue 

Constructorlnfo 

Meroa Invoke co3aaeT araeMnasrp Tima 11 BH3biBaeT KOHCTpyKTop 

Methodlnfo 

Meroa Invoke Bbi3biBaeT Meroa Tima 

Propertylnfo 

Meroa GetValue Bbi3biBaeT Meroa aocTyna get, MeToa SetValue — 

MeToa aocTyna set aaa CBoficTBa 

Eventlnfo 

Meroa AddEventHandler Bbi3biBaeT MeToa add, MeToa 
RemoveEventHandler — Meroa remove aaa codbraiH 


Tim Propertylnfo iipeacTaiuincT iti Kjpopp.vtai p, itk> MCTa/TainibTx cbohctb (cm. 1 . 1 a- 
By 10), no/mepaciiBaii aocTynHbie to/toko aaa htchiih CBoficTBa CanRead, CanWrlte 
h PropertyType. 3th CBoficTBa noKa3biBaiOT, MoacHO an HiiTaTb h 3anncbiBaTb cbohctbo, 
a Taicace ero Tim aaHHbix. y Propertylnfo TaKace ecTb CBoiiCTBa GetMethod h SetMethod, 
B03BpamaiomHe oObCKTbi Methodlnfo aaa mctoaob HTeHira h 3aniiCH .inaacniia cboh- 
CTBa. MeToabi GetValue h SetValue Tima Propertylnfo cymecTByiOT aaa ya,o6cTBa, 
hx BHyTpeHHiiii Koa no.iyiaeT cooTBeTCTByiomiie o6beKTbi Methodlnfo h Bbi3bmaeT 
hx. /(aa noaaepacKii napaMeTpHaecKiix cbohctb (imaeKcaTopoB C#j MeToabi SetValue 
h GetValue npeaocTaBaaiOT napaMeTp index Tima Object [ ]. 

Tim Eventlnfo npeacTaBaaeT MeTaim4)opMaii,Hio co6mthh (cm. raaBy 11). Oh 
noaaepacHBaeT aocTynHoe raabKO aaa HTemm cbohctbo EventHandlerType, Korapoe 
B03BpamaeT ookckt Type aaa aeaeraTa coObi'i Tia. y Eventlnfo TaKace ecTb CBOHCTBa 
AddMethod h RemoveMethod, KOTopbie B03Bpamai0T o6beKTbi Methodlnfo aaa MeToaoB 
ao6aBaeHiia h yaaaeHiia aeaeraTOB. HtoOh ao6aBiiTb nan yaaaHTb aeaeraTa, MoacHO 
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o6paTHTbCH C BM30B0M K 3THM o6beKTaM MethodlnfO [1.1 H ace B0Cn0JIb30BaTbCH 6oaee 
yAo6HbiMH MeTO^aMH AddEventHandlen n RemoveEventHandlen Kaacca Eventlnfo. 

B npiiBe/ieHHOM aaaee npiiaoaceHHii-npHMepe aeMOHCTpiipyiOTCH pa3Hbie cnoco6bi 
i[|)ii.viei[emiM OTpaaceHira ana aocTyna k aaena.vi THna. Kaacc SomeType npeacTaBaaeT 
THn c pa3JiHaHbiMii aaeHaMii: 3aKpbiTbiM noaeM (m_someField), OTKpbiTbiM KOHCTpyK- 
TopoM (SomeType), noayaaiomiiM apryMCHT Tima Int32 no ccbuiKe, OTKpbiTbiM mctoaom 
(ToString), OTKpbiTbiM cboitctbom (SomeProp) n OTKpbiTbiM co6biTneM (SomeEvent). 
IIpii iiajiimnii oiipeacaemm Tima SomeType a TaKace Mory npeaaoacnTb Tpii pa3Hbix 
MeToaa Hcnoab30Bamia OTpaacemia aaa aocTyna k aaeHaM SomeType. Kaacabin mctoa 
3aa,encTByeT OTpaacemie no-CBoeMy. 

□ MeTOA BindToMemberThenlnvokeTheMember neMOHCTpnpyeT npima3Ky n nocae- 
ayiomnii BH30B. 

□ MeTOfl BindToMemberCreateDelegateToMemberThenlnvokeTheMember aeMOHCTpn- 
pyeT npima3Ky c nocaeayiomHM co3a,amieM aeaeraTa, ccbiaaiomeroca Ha o6bCKT nan 
aaem Bbi30B aepe.3 aeaeraTa BbinoanaeTca oaeHb 6biCTpo, n 3 tot BapnaHT no3BoaaeT 
ein,e 6oabme noBbiciiTb i[poii3i!oairreai>iiocTb nporpaMMHoro ico/ta aaa cayaaeB 
MHoroKpaTHoro Bbi30Ba oaimaKOBbix aaeHOB pa3HbiMii o6beKTaMii. 

□ MeToa UseDynamicToBindAndlnvokeTheMember neMOHCTpnpyeT ncnoab30BaHiie 
b a3biKe C# npnMHTHBHoro THna dynamic (cm. raaBy 5) c n,eabio ynpomemia chh- 
TaKcnca aocTyna k aaeHaM. K TOMy ace otot BapnaHT MoaceT noMoab /(onmiica aen- 
CTBiiTeabHO xopomeii npoii3Boa,HTeabHOCTii nporpaMMHoro Koaa aaa cayaaeB Bbi30Ba 
oaimaKOBbix aaeHOB pa3HbiMii o6beKTaMii, noTOMy aro CBH3biBamie nponcxoanT oaim 
pa3 aaa Kaacaoro Tnna n 3aTeM KainiipyeTca TaKHM o6pa30M, aTo6bi nocaeayiommi 
MHoroKpaTHbiii bw30b aaeHOB npoiicxoana 6biCTpo. Bbi TaKace MoaceTe ncnoab30BaTb 
3tot BapnaHT c n,eabio Bbi30Ba aaeHOB ,vm o6beKTOB pa3anaHbix TimoB. 

using System; 

using System.Reflection; 

using Microsoft.CSharp.RuntimeBinder; 

using System.Linq; 

// K/iacc ana AeMOHCTpaqun OTpaxeHna. 

// y Hero ecTb none, KOHCTpyKTop, MeTOfl, cbomctbo h co6biTne 
internal sealed class SomeType { 
private Int32 m_someField; 
public SomeType(ref Int32 x) { x *= 2; } 

public override String ToStringQ { return m_someField.ToString(); } 
public Int32 SomeProp { 

get { return m_someField; } 
set { 

if (value < 1) 

throw new ArgumentOutOfRangeException("value"); 
m_someField = value; 

} 

public event EventHandler SomeEvent; 
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private void NoCompilerWarnings() { SomeEvent .ToStringO;} 

} 

public static class Program { 
public static void Main() { 

Type t = typeof(SomeType); 
BindToMemberThenlnvokeTheMember(t); 

Con sole. Writ eLineQ; 

BindToMemberCreateDelegateToMemberThenlnvokeTheMember(t); 
Console.WriteLine(); 

UseDynamicToBindAndlnvokeTheMember(t); 

Console.WriteLine(); 


private static void BindToMemberThenInvokeTheMember(Type t) { 

Console.WriteLine("BindToMemberThenlnvokeTheMember"); 

// Co3flaHne 3K3eMn/iflpa 

Type ctorArgument = Type.GetType("System.Int32&"); 

// n/in typeof (Int32) .MakeByRefTypeQ; 

Constructorlnfo ctor = t.GetTypeInfo().DeclaredConstructors.First( 
c => c.GetParameters()[0].ParameterType == ctorArgument); 

Object[] args = new Object[] { 12 }; // ApryMeHTbi KOHCTpyKTopa 

Console.WriteLine("x before constructor called: " + args[0]); 

Object obj = ctor.Invoke(args); 

Console.WriteLine("Type: " + obj.GetType()); 

Console.WriteLine("x after constructor returns: " + args[0]); 

// HTeHne m 3anncb b no^e 

Fieldlnfo fi = obj.GetType().GetTypeInfo().GetDeclaredField("m_someField"); 
fi.SetValue(obj, 33); 

Console.WriteLine("someField: " + fi.GetValue(obj)); 

// Bb[30B MeTOfla 

Methodlnfo mi = obj.GetType().GetTypeInfo().GetDeclaredMethod("ToString"); 
String s = (String)mi.Invoke(obj, null); 

Console.WriteLine("ToString: " + s); 

// HTeHne m 3anncb cBoticTBa 

Propertylnfo pi = obj.GetTypeQ.GetTypeInfo().GetDeclaredProperty("SomeProp"); 
try { 

pi.SetValue(obj, 0 , null); 

} 

catch (TargetlnvocationException e) { 

if (e.InnerException.GetType() != typeof(ArgumentOutOfRangeException)) throw; 
Console.WriteLine("Property set catch."); 

} 

pi.SetValue(obj, 2 , null); 

Console.WriteLine("SomeProp: " + pi.GetValue(obj, null)); 
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// flo6aBaeHwe n yaaaeHue aeaeraTa aafl co6biTua 

Eventlnfo ei = obj.GetType().GetTypeInfo().GetDeclaredEvent("SomeEvent"); 
EventHandler eh = new EventHandler(EventCallback); // Cm. ei.EventHandlerType 
ei.AddEventHandler(obj, eh); 
ei.RemoveEventHandler(obj, eh); 


// flo6aBaeHne MeToaa o6paTHoro BbBOBa ana co6biTnn 

private static void EventCallback(Object sender, EventArgs e) { } 

private static void BindToMemberCreateDelegateToMemberThenInvokeTheMember(Type t) { 
Console.WriteLine("BindToMemberCreateDelegateToMemberThenInvokeTheMember"); 

// Co3aamne 3K3eMnanpa (Heab3a co3aaTb aeaeraTa aaa KOHCTpyKTopa) 

Object[] args = new Object[] { 12 }; // ApryMeHTbi KOHCTpy KTopa 

Console.WriteLine("x before constructor called: " + args[0]); 

Object obj = Activator.Createlnstance(t, args); 

Console.WriteLine("Type: " + obj .GetTypeQ .ToString()); 

Console.WriteLine("x after constructor returns: " + args[0]); 

// BHUMAHME: Heab3H co3aaTb aeaeraTa aaa noaa. 

// Bbi30B MeToaa 

Methodlnfo mi = obj .GetTypeQ .GetTypelnfoQ .GetDeclaredMethod("ToString"); 
var toString = mi.CreateDelegate<Func<String>>(obj); 

String s = toString(); 

Console.WriteLine("ToString: " + s); 

// HTeHue u 3anncb cBOMCTBa 

Propertylnfo pi = obj.GetType().GetTypeInfo().GetDeclaredProperty("SomeProp"); 
var setSomeProp = pi.SetMethod.CreateDelegate<Action<Int32>>(obj); 
try { 

setSomeProp(0); 

} 

catch (ArgumentOutOfRangeException) { 

Console.WriteLine("Property set catch."); 

} 

setSomeProp(2); 

var getSomeProp = pi.GetMethod.CreateDelegate<Func<Int32>>(obj); 

Console.WriteLine("SomeProp: " + getSomeProp()); 

// flo6aBaeHne w yaaaeHue aeaeraTa aan co6ntmh 

Eventlnfo ei = obj.GetType().GetTypeInfo().GetDeclaredEvent("SomeEvent"); 
var addSomeEvent = ei.AddMethod.CreateDelegate<Action<EventHandler>>(obj); 
addSomeEvent(EventCallback); 
var removeSomeEvent = 

ei.RemoveMethod.CreateDelegate<Action<EventHandler>>(obj); 
removeSomeEvent(EventCallback); 


private static void UseDynamicToBindAndInvokeTheMember(Type t) { 
Console.WriteLine("UseDynamicToBindAndInvokeTheMember"); 
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// Co3flaHne 3K3SMn/iapa (dynamic He/ib3a ucno./ib30BaTb p,ns\ Bbi30Ba KOHCTpyKTopa) 
Object[] args = new Object[] { 12 }; // ApryMeHTbi KOHCTpyKTopa 

Console.WriteLine("x before constructor called: " + args[0]); 
dynamic obj = Activator.Createlnstance(t, args); 

Console.WriteLine("Type: " + obj.GetType().ToString()); 

Console.WriteLine("x after constructor returns: " + args[0]); 

// HTeHue u 3anncb no/ia 
try { 

obj,m_someField = 5; 

Int32 v = (Int32)obj.m_someField; 

Console.WriteLine("someField: " + v); 

} 

catch (RuntimeBinderException e) { 

// no/iynaeT ynpaB/iemie, nOTOMy bto no/ie BB/iaeTCfl npuBaTHbiM 
Console.WriteLine("Failed to access field: " + e.Message); 

} 

// Bbl30B MeTOfla 

String s = (String)obj .ToStringQ; 

Console.WriteLine("ToString: " + s); 

// HTeHue u 3anncb CBoFicTBa 
try { 

obj.SomeProp = 0; 

} 

catch (ArgumentOutOfRangeException) { 

Console.WriteLine("Property set catch."); 

} 

obj.SomeProp = 2; 

Int32 val = (Int32)obj.SomeProp; 

Console.Writel_ine("SomeProp: " + val); 

// flo6aB/ieHne w yaa/ieHue Ae/ieraTa a/ib co6ntmb 
obj.SomeEvent += new EventHandler(EventCallback); 
obj.SomeEvent = new EventFlandler(EventCallback); 

} 

} 

internal static class ReflectionExtensions { 

// MeTOA pacuiupeHUBj ynpomammuPi cuHTaxcuc co3Aamnfl AeAeraTa 

public static TDelegate CreateDelegate<TDelegate>(this Methodlnfo mi. 

Object target = null) { 

return (TDelegate)(Object)mi.CreateDelegate(typeof(TDelegate), target); 

} 

} 

Ecjih nocTpoHTb h 3anycTHTb 3TOT ko;t 6v;tCT BbiBeneH cjre/iy ioiiut ii pcav.'iPtiaT: 

BindToMemberThenlnvokeTheMember 
x before constructor called: 12 
Type: SomeType 

x after constructor returns: 24 
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someField: 33 
ToString: 33 
Property set catch. 

SomeProp: 2 

BindToMemberCreateDelegateToMemberThenlnvokeTheMember 
x before constructor called: 12 
Type: SomeType 

x after constructor returns: 24 
ToString: 0 
Property set catch. 

SomeProp: 2 

UseDynamicToBindAndlnvokeTheMember 
x before constructor called: 12 
Type: SomeType 

x after constructor returns: 24 

Failed to access field: ’SomeType.m_someField’ is inaccessible due to 
its protection level 
ToString: 0 
Property set catch. 

SomeProp: 2 

06paTHTe BHHMaHHe: b eaiiHCTBCHHOM napaMCTpe KOHcrpyKTopa SomeType no ccbuiKe 
iicpe/piCTCM Int32. B npencTaBjieHHOM Kone noKa3aHO, KaK Bbi3BaTb stot KOHCTpyKTop 
h KaK nocjie 3aBepmemw KOHCTpyKTopa npoBepiiTb MonucjiimiipoBaHHoe 3HaneHiie Int32. 
/(ajiee b Hana/ie MeTona BindToMemberThenlnvokeTheMember npncyTCTByeT Bbi30B Me- 
Toaa GetType Tima Type, KOTopoMy nepenaeTCH CTpoKa "System. Int32&". AMnepcaHn 
(&) b CTpoKe ooooiia'iacT napaMeTp, nepenaBaeMbift no ccbuiKe. 3to npenycMOTpeHO 
noTauncn BaKyca-Haypa ana 3anncn iimch TimoB (nonpo6Hee o Heft cm. aoKyMeHTauino 
Ha FCL). B KOfleTaioKenoKa3aHO, KaK ;p,o6htp>ch toto acepe3yjibraTa c iiciiaTbaoiiaiincM 
MeToaa MakeByRefType KJiacca Type. 

Mcno/ib30BaHne AecKpmrropoB npiiBsi3Kn 
AJisi CHn>KeHH5i noTpe6jieHMB naivisiTii npoueccoM 

Bo MHoruxnpujioaceHHHxTpe6yeTca ii|)in»i3ica k HecKOJibKiiM TimaM (to ecTb oObeicraM 
Type) hjih hx 'LTCiia.vj (o6beKTaM, npoH3BonHbiM ot Memberlnfo), a sth o6beKTbi co- 
xpaHHKPTca b onpenejieHHoft K0.T.TCICHI1I1. IIo3ace iipii.TO'/Keiiiic iiinci HyacHbift o6beKT b 
kojtjtckuhh h Bbi3biBaeT ero. 3to pa3yMHoe pemeraie, ho ecTb 0 / 1,1 la ;sanso;5,iKa: o6'P>eicibi 
Type h o6beKTbi, iipoiiano/unae ot Memberlnfo, 3aHHMaiOT mhoto MecTa b naMHTH. IIo- 
3T0My ecjra b npHjioaceHiiii mhoto thkhx o6beKTOB h k hum iia/ 1,0 oopainaT bCM nacTO, 
o6beM noTpe6jiaeMoft naMsiTii pe3Ko B03pacTaeT, [ ito OTpim,aTejibHO citaa p>i isaeiCTi Ha 
npOH3BOflHTejIbHOCTH. 

BHyTpeHHiie Mexami3Mbi CLR nonnepaciiBaiOT 6ojiee KOMnaKTHyio cjiopMy xpaHCHiiH 
3T0ft HHCjlOpMailHH. CLR C03AaeT TaKIIC o6b6KTbI B npHJIOaCeHHHX JIIIIHb hjih TOTO, HTo6bI 
ynpocTHTb pa6oTy nporpaMMHCTa. CaMoii cpene CLR hhh pa6oTbi stii 6ojibmiie o6beKTbi 
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He II V'/K'llbl. B lipiCTO/KCHU MX, B KOTOpbIX COXpaHHeTCH H ICHII lipyCTCM MHOrO o6beKTOB 
Type h o6beKTOB-noTOMKOB Memberlnfo, mojkho coKpaTHTb noTpe6jieraie naMUTii, ecjin 
Hcnojib30BaTb He o6beKTbi, a onucaTejiH BpeMeHii isiiiiio. inemiH. B FCL onpenejieHbi 
Tpn rana TaKHx onucaTejieH (Bee b npocTpaHCTBe n.vieii System): RuntimeTypeHandle, 
RuntimeFieldHandle h RuntimeMethodHandle. Bee ohh — 3HaHiiMbie Timw c em-iHCTBeH- 
hmm noaeM IntPtr; 3a cict aero pacxo/pyiOT oaein. Majio pecypcoB (to ecTb na.vun h). 
I lone IntPtr npeflCTaBjiaeT co6ofinecKpinnop, cci>i.Tai()imiiicM Ha THn, none hjih mcto/i, 
b icyne aarpva'iiiKa no.viena npiinonceHiiii. TaK tio Tenepb HaM /pic'iaio'ino nayniiTbca 
npocTO h 3cj)4)eKTHBHO npeo6pa30BbiBaTb «THacejibie» o6beKTbi Type h Memberlnfo 
b «jierKiie» necKpinnopbi BpeMeHii libmo.memia, h Hao6opoT. 3to He cnonoio, ecnn 
3a/i,eHCTBOBaTb iiepc'tiic.ieimbie nance MeTonbi u CBoficTBa. 

□ L l too i>i npeo6pa30BaTb o6beKT Type b RuntimeTypeHandle, Bbi30BHTe ciaTU'iccKuii 
MeTOA GetTypeHandle o6beKTa Type, nepenaB eMy ccbuiKy Ha o6beKT Type. 

□ l Ito6|)I npeo6pa30BaTb RuntimeTypeHandle b ofn>CKT Type, Bbi30BHTe CTaTU'icdaiii 
MeTO/i GetTypeFromHandle o6beKTa Type, nepenaB eMy RuntimeTypeHandle. 

□ HTo6bi npeo6pa30BaTb o6beKT Fieldlnfo b RuntimeFieldHandle, 3anpocHTe 3K- 
3eMnjuipHoe HeH3MeHaeMoe cbohctbo FieldHandle o6beKTa Fieldlnfo. 

□ Hto6m npeo6pa30BaTb RuntimeTypeHandle b o6beKT Fieldlnfo, Bbi30Birre CTaTH- 
'icckhit MeTOA GetTypeFromHandle o6beicra Fieldlnfo. 

□ MTo6bi npeo6pa30BaTb o6beKT Methodlnfo b RuntimeMethodHandle, 3anpocHTe 
3K3eMnjuipHoe Heii3MeHHeMoe cbohctbo MethodHandle o6beKTa Methodlnfo. 

□ HTo6bi npeo6pa30BaTb RuntimeTypeHandle b o6beKT Methodlnfo, Bbi30BHTe CTa- 
tu'icckhh MeTOA GetMethodFromHandle o6beKTa Methodlnfo. 

B npiiBe,a,eHHOH nanee nporpaMMe C03flaeTCH mhoto o6beKTOB Methodlnfo, KOTopbie 
npeo6pa3yiOTCH b 3K3eMnnapbi RuntimeMethodHandle, a 3aTeM BbiBonHTCH iiHijiopMauiiJi 
o pa3Him,e b o6beMe noTpe6jiaeMofi naMHTii: 

using System; 

using System.Reflection; 

using System.Collections.Generic; 

public sealed class Program { 

private const BindingFlags c_bf = BindingFlags.FlattenHierarchy | 

BindingFlags.Instance | 

BindingFlags.Static | BindingFlags.Public | BindingFlags.NonPublic; 

public static void Main() { 

// BbiBOflMM pa3Mep Kynn flo OTpawemifl 
Show("Before doing anything"); 

// Co3flaeM low o6beKTOB Methodlnfo rj\r Bcex MeTOflOB m 3 MSCorlib.dll 

List<MethodBase> methodlnfos = new List<MethodBase>(); 

foreach (Type t in typeof(Object) .Assembly.GetExportedTypesQ) { 
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// HrHopupyeM o6o6meHHbie Tunbi 

if (t.IsGenericTypeDefinition) continue; 

MethodBase[] mb = t.GetMethods(c_bf); 
methodInfos.AddRange(mb); 

} 

// BbIBOflMM KO/lUHeCTBO MeTOflOB U pa3Mep KyMM nOC/ie npUBB3KM Bcex MeTOflOB 
Console.WriteLine("# of methods={0:N0}", methodlnfos.Count); 

Show("After building cache of Methodlnfo objects"); 

// Co3flaeM K3iu AecxpunTopoB RuntimeMethodHandles 
// fl/ifl Bcex o6beKTOB Methodlnfo 
List<RuntimeMethodHandle> methodHandles = 
methodInfos.ConvertAll<RuntimeMethodHandle>(mb => mb.MethodHandle); 

Show("Holding Methodlnfo and RuntimeMethodHandle cache"); 
GC.KeepAlive(methodlnfos); // 3anpemaeM y6opxy Mycopa b lowe 

methodlnfos = null; // Pa3pewaeM y6opxy Mycopa b lowe 
Show("After freeing Methodlnfo objects"); 

methodlnfos = methodHandles.ConvertAll<MethodBase>( 
rmh=> MethodBase.GetMethodFromHandle(rmh)); 

Show("Size of heap after re-creating Methodlnfo objects"); 
GC.KeepAlive(methodHandles); // 3anpemaeM y6opxy Mycopa b lowe 
GC.KeepAlive(methodlnfos); // 3anpemaeM y6opxy Mycopa b lowe 

methodHandles = null; // Pa3pewaeM y6opxy Mycopa b iowe 
methodlnfos = null; // Pa3pemaeM y6opxy Mycopa b iowe 
Show("After freeing Methodlnfos and RuntimeMethodHandles"); 

} 


IIpii nocTpoeHHH h u i»[ 11o. i i km i h ii 3toh nporpaMMbi bmbouhtch c.ic/iy lOiHii ii pe- 
3yjibTaT; 

Heap size= 85,000 - Before doing anything 
# of methods=48,467 

Heap size= 7,065,632 - After building cache of Methodlnfo objects 

Heap size= 7,453,496 - Holding Methodlnfo and RuntimeMethodHandle cache 

Heap size= 6,732,704 - After freeing Methodlnfo objects 

Heap size= 7,372,704 - Size of heap after re-creating Methodlnfo objects 

Heap size= 192,232 - After freeing Methodlnfos and RuntimeMethodHandles 
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Cepuanusai^ueu (serialization) Ha3WBaeTor nponecc npeo6pa30Bamw o6 - beKTa vum rpacjra 
CBH3aHHbIX o6 - b6KTOB B nOTOK daiiTOB. CoOTBeTCTBeHHO, o6paTHOe npeo6pa30BaHHe Ha- 
3biBaeTca decepuajiu3au,iieu (deserialization). HecKOJibKO npimepoB npuMCHcnna stoto 
' tpeaisiiiaaiino noae3Horo MexaHH3Ma: 

□ CocToamie npiiaoaceHim (rpacjr odneKTa) moxho jierKO coxpaHHTb b cjraiiae Ha 
AHCKe hjih b 6a3e aamibix h BOCCTaHOBHTb npn cjieyyiome.M 3anycKe npHaoaceHHH. 
ASP.NET coxpaiiMCT h BOCCTHHaBjniBaeT cocTOHHiie ceaHca nyTeM cepnaaH3au;HH 
h ;i,cccpiia./Hi3aii,ini. 

□ Hadop odbeKTOB mojiciio CKonupoBaTb b dycjrep h BCTaBiiTb b to ace hjih b ypyroe npn- 
aoaceHiie. 3 tot noyxoy iicnoab3yeTca b npiiaoaceHHHx Windows Forms h Windows 
Presentation Foundation (WPF). 

□ MO/KIIO KJIOHIipOBaTb Ha6op odbCKTOB H coxpaHHTb KaK «pe3epBHyiO KOniHO», nOKa 
nojib30BaTejib padoTaeT c «ocHOBHbiM» HadopoM odbeKTOB. 

□ Fladop odneKTOB Moamo jierKO nepe/iaTb no ceTii b nponecc, 3anymeHHbiii Ha ypyroii 
MamiiHe. MexaHii3M yaaaeimom B3aHM0/tciicTBHH naaTcjropMbi .NET Framework ce- 
pnajiH3yeT h ,a,ecepHaaH3yeT odbeKTbi, npo/miiraeMbie no 3HaneHHio. 3Ta ace TexHoao- 
niH iiciio.ib.syc'fCM npn nepeflane odneKTOB 'icpe.s ipaimubi aoMena (cm. r . rany 22). 

KpoMe Toro, nocae ccpiiaaH3aurnf odneKTOB b nOTOK daiiTOB b naMjrni nonBaaeTCH bo 3- 
MoacHOCTbaoiio./iimTC.ibiioii odpadoTKH yamibix — HanpiiMep, mncjipoBamia h cacaTim. 

I Icy/uiisuTCJibiio, tio MHome nporpaMMHCTbi npoBOAHT dcc'uicacmibienacbi 3a pa3- 
padoTKoii ixo/ia, bbino.iiiMiomero am onepan,ini. O/uiaico npn stom cooTBeTCTByiomnii 
Koa caoacHO h MyTopHO nucaTb, k TOMy ace oh no/mepaceH omndKaM. PaapadoT'ni ica.vi 
npHxoa,HTCH pernaTb npodaeMbi B3aiiMO/i,eiicTBHH npoTOKoaoB, iiecomiaaemiM ranoB 
aaHHbix KaneHTa h cepBepa (iiaiipii.viep, pa3Hbiii nopaaoK cacyobaiiiiM dairroB), od- 
padoTKii omndoK, ccbiaoK o/ihhx odneKTOB na ypyn-ie, napaMeTpoB in n out, MacciiBOB 
crpyKTyp — h 3tot cnucoK MoacHO npo/i,oaacaTb dccKonc'iiio. 

BnponeM, b .NET Framework cymecTByeT BCTpoeHHbiii MexaHH3M cepHaaii3an,iiH 
h /icccpHajrii3ai(HH. 3to 03HanaeT, tio Bee ynoMHHyTbie caoacHbie npodaeMbi yace pe- 
meHbi cpe/i,CTBaMii .NET Framework. Pa3padoTHHK MoaceT ncnoab30BaTb od'bcici bi yo 
cepHaaii3an,iiii h nocae ycccpnaanaannu, a bcio 3adoTy o tom, tio nponcxo/tHT Meacyy 
3THMH /i,ny mm ii|:)Oneaypa.Mi-i, na ceda depeT .NET Framework. 

B 3Toii raaBe paccKa3biBaeTca, KaK cepBHC cepHaaH3an,HH h yccepnayiiaanii u peaan- 
30BaH b .NET Framework. 3tii iiponeyyphi oiipeyejiem>i npaicniMCC kh yaa Bcex mnoB 
aaHHbix, a CJic/iObaTe./ibiio, BaM He npiiyeTca npe/pipiiHiiMaTb yonoaHHTeabHbix yciiaini, 
HTodbi caeaaTb cboii Timbi cepiiaaii3yeMbiMii. BnpoaeM, cymecTByiOT h Tiinbi, y,aa ko- 
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Topbix iio/iofiiiaa npeABapuTejibHaa iio/poTOHKa u(X)6xo/|ii.vta. K ciacibio, MexaHii3M ce- 
pHajiH3auHH .NET Framework no/mepauiBaeT pacmupeHire, h mm AeTaaibHO paccMOTpuM 
aamibiii nponecc, iioaiio.iMiomiiii BbinojiHHTb patum aiibie onepan.nn npncepHajiH3an;HH 
h /iccepiiajiiiaaiuiii o6beKTOB. K npn.viepy, a noKaacy, KaK cepiiajni30BaB o/|iiy Bepcino 
o6beKTa b <})aii./i Ha /p-ickc, /ieccpiia./iii.30iiaTi) ero noTOM b Apyryio Bepcino. 

nPMMEHAHME 

B 3tom maBe b ochobhom paccMaipnBaeica TexHoaorna cepna/in3au,nM b cpene CLR, 
KOTopaa xopoino pacno3HaeT Tnnbi AaHHbix CLR n yMeeT cepnann30BaTb no/ia oSteKTOB, 
noMeHeHHbie MOAH<i)m<aTopaMn public, protected, internal n naxe private, npeBpamaa nx 
b cxaTbiM ABOMHHbiti noTOK n TeM caMbiM noBbiLuaa npon3BOAHTenbHOCTb. flnn cepnann- 
3aunn TnnoB AaHHbix CLR b noTOK XML TpebyeTca K/iacc System.Runtime.Serialization. 
NetDataContractSerializer. n/ianbopMa .NET Framework npeAaaraeT 1/1 APyrueTexHO/io- 
rnn cepnann3au,i/in, pa3pa6oiaHHbie Ana B3auM0AefiCTBnn Me>t<Ay CLR-coBMecn/iMbiMi/i 
n CLR-HecoBMecTMMbiMM TianaMn AaHHbix. B hux ncnonb3yiOTca Knaccbi System.Xml. 
Serialization.XmlSerializer m System.Runtime.Serialization.DataContractSerializer. 


npaKTiiHecKMM npmviep cepna.ni/i3auni/i/ 
AecepMa/iM3aunM 

PaccMOTpuM TaKori ko;i: 
using System; 

using System.Collections.Generic; 
using System.10; 

using System.Runtime.Serialization.Formatters.Binary; 

internal static class QuickStart { 
public static void Main() { 

// Co3flaHne rpacfia o6beKTOB ana nocneayiomeM cepna/iM3amiM b noTOK 
var objectGraph = new List<String> { 

"left", "Kristin", "Aidan", "Grant" }; 

Stream stream = SerializeToMemory(objectGraph); 

// ObHy/iaeM Bee a/ia aaHHOro npMMepa 
stream.Position = 0; 
objectGraph = null; 

// flecepna^M3aL|Mfl o6beKTOB n npoBepxa nx pa6oTOcnoco6HOCTn 
objectGraph = (List<String>) DeserializeFromMemory(stream); 
foreach (var s in objectGraph) Console.WriteLine(s); 

} 

private static MemoryStream SerializeToMemory(Object objectGraph) { 

// KoHCTpyupoBaHne noTOKa, KOTopbiii 6yaeT coaepwaTb 

npodojiwemie & 
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// Cepna/lM30BaHHbie 06 beKTbl 

MemoryStream stream = new MemoryStream(); 

// 3aflaHne cjjopMaTupoBaHna npw cepna/iMBapnn 
BinaryFormatter formatter = new BinaryFormatter(); 

// 3acTaB/iFieM Moay/ib jiopMaTHpoBaHua cepna/in30BaTb o6beKTbi b noTOK 
formatter.Serialize(stream, objectGraph); 

// Bo3BpameHne noTOKa cepwa/in30BaHHbix o6beKTOB BbBbiBammeMy MeTOfly 
return stream; 

} 

private static Object DeserializeFromMemory(Stream stream) { 

// 3aflaHne cjjopMaTHpoBaHMB npu cepua/iu3aLinM 
BinaryFormatter formatter = new BinaryFormatter(); 

// 3acTaB/iaeM Moay/ib ((jopMaTupoBaHua flecepnann30BaTb o6beKTbi u3 noTOKa 
return formatter.Deserialize(stream); 

} 

} 

Bii/aiTe, KaK npocTo! Mctoa SerializeToMemory co3naeT o6 - beKT System. 
10.MemoryStream. 3tot o6bCKT onpenejiaeT, Kya,a CJie/tyeT noMecTHTb cepHajiH30BaHHbiii 
6jiok 6aHTOB. 3aTeMMero/t KOHCTpyupyeT o6beKT BinaryFormatter (pacnojioaceHHbiii 
b npocTpaHCTBe iimch System. Runtime. Serialization. Formatters. Binary). Mody- 
MM (popMamupoeaHUM (formatter) Ha3biBaeTCH Tim (oh peammyeT HHTeptjteiic System. 
Runtime. Serialization. I Formatter), yivrciOTHHM cepnajiimoBaTb h AecepHajiH30- 
BaTb rpacjr o6beKTOB. B 6n6jiHOTeKy FCL isK. iio'icm.i ;psa moavab (jiopMaTiipoiiamiH: 
BinaryFormatter (ncnojib3yeTCH b noKa3aHHOM (ftparaeHTe Kona) h SoapFormatter 
(HaxonHimriica b npocTpaHCTBe hmch System. Runtime. Serialization. Formatters. 
Soap h peajiH30BaHHbm b c6opKe System. Runtime .Serialization. Formatters . 
Soap.dll). 

n PM M EH AH ME 

HannHaB c Bepcnn 3.5, b .NET Framework K/iacc SoapFormatter cnnTaeTcn ycTapeBinnM 
n He peKOMeHAyeTca k ncno/ib30BaHnio. OflHaKO ero nMeei cmhc/i npmvieHSTb npu ounaAKe 
KOAa cepnann3au,nn, TaK KaK oh co3AaeT AOdynHbm a-hb htohub TeKCT b cpopMaie XML. 
Ec/in b BbixoAHOM KOAe Bbi xoTi/ue BOcnonb30BaTbCB MexaHM3MaMu XML-cepnann3au,MM 
n XML-Aecepnann3aiinn, oOpaTUTecb k K/iaccaM XmlSerializer u DataContractSerializer. 


/[.ib cepHajiH3au;HHrpacjtao6beKTOB AOC'iaiO'ino Bbi3BaTb mcto/i, Serialize moavjib 
(J tOpMaTHpOBaHHH H IICpC/plTh eMy, BO-nepBbIX, CCbUIKy Ha o6beKT nOTOKa BBO/ta-Bbl- 
BOAa, BO-BTopbix, ccbuiKy Ha cepiiajiH3yeMbiH rpacju IIotok BBO/ta-BbiBO/ta yKa3biBaeT, 
KyAa ciieAyeT noMecTHTb cepnajirmyeMbie 6aiiTbi. Ero poiib MoaceT nrpaTb o6beKT 
jno6oro rana, npoii3BOAHoro ot a6cTpaKTHoro 6a30Boro Kjiacca System. 10.Stream. 
3to 03HaHaeT, hto rpatj) MoaceT 6biTb cepiiajni30BaH b ran MemoryStream, FileStream, 
NetworkStream 11 t. n. 
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Bo BTopoM napaMeTpe mcto/pi Serialize Mii. iaci'CM ccbuiica Ha 06 'beicr jno 6 oro Tima: 
Int32, String, DateTime, Exception, List<String>, Dictionary<Int32,DateTime> 
h t. n. OirbCKT, Ha KOTopbin ccbuiaeTca napaMeTp objectGraph, mo>kct, b cboio onepenb, 
coAepacaTb ccbuiKH na ;i,pynie o 6 beKTbi. K npimepy, napaMeTp objectGraph 6 biTb ccbui- 
koh Ha K'o.i./K'Kmiio o 6 beKTOB, KOTopbie, b cboio O'lepe/n,, MoryT ccbuiaTbcn Ha npyrne 
o 6 beKTbi. Mcto/i, Serialize cepnajiiiayeT b noTOK bcc o 6 beKTbi rpacjia. 

Mo/iyjib ()) 0 |:)Ma'[TipoisaimM «3HaeT», KaK cepnajni30BaTb Becb ipa<j), ccbuiaacb Ha 
oimci.iiiaiomnc Tim KaacAoro o 6 beKTa MCTa/uimibie. /lym O'lCjiOKiiisainiM coctohhhh 
3K3eMnjiapHbix nojieii b Tune icaacAoro o 6 beKTa b npou,ecce cepHajm3au,Hii mctoh 
S erialize ncnojib3yeT OTpa>i<ennc. Ecjih Kaiaie-TO H3 nojieii ccbijiaiOTCH Ha Apymc 
o 6 beKTbi, mcto/ 1 , ccpi-ia.'maycT h hx. 

Mo/i,yjiH cjaopMaTiipoBaHHH ncnojib3yiOT xoporno npopa6oTaHHbie anropHTMbi. Ha- 
npiiMep, ohh 3HaiOT, hto KaacAbiii o6beKT b rpacjie nojiaceH cepiiajni30BaTbCH Bcero o/uni 
pa3. B.iaro/pipa 3TOMy npn nepeKpecTHoii ccbuiKe /psyx o6beKTOB moava i> (jiop.via'nipo- 
BaHim He bxoaht b fiecKoiiCMiibiii h,iikji. 

B MoeM MeTOAe SerializeToMemory npn B03Bpain,eHiin ynpaBjiemiH mctoaom 
S erialize o 6 beKT MemoryStream npocTO B03BpamaeTCH Bbi3biBaiomeMy icony. IIpH- 
jioaceHiie ncnojib3yeT conepacHMoe stoto HecTpyKTypupoBaHHoro MacciiBa 6 aiiTOB TeM 
cnoco 6 oM, KOTopbiii cti-nacT iico 6 xo;i,I'ImI)Im. I laiipi-iMep, oho mo>kct coxpaHHTb MacciiB 
b cjiaiuie, CKonupoBaTb b 6 yc}x‘p o 6 MeHa, nepecjiaTb no ceTH m.n. 

MeTOA DeserializeFromStream npeBpamaeT noTOK BBO,a,a-BbiBO,n,a o 6 paTHO b rpacj) 
o 6 beKTa. 3ia oiicpapMM eme npome ccpHajwaanHH. B MoeM koac 6 mji cKOHCTpyupoBaH 
o 6 beKT BinaryFormatter, nocae nero ocTaBajiocb Bbi 3 BaTb ero mctoa Deserialize. 
3 tot mcto/i, 6 epeT b KanecTBe napaMeTpa noTOK BBOna-BbiBona n B03BpamaeT ccbuiKy 
Ha KopHeBoii o 6 beKT ;i,ccepiia./iii30baimom rpacjia. 

11pn 3 tom BHyTpn mcto/i Deserialize i-iccjicaycT conepacHMoe noTOKa, coa/picr 
.3K3e.Mii. ; mpbi Bcex ooiiapyaceiiiii.ix b noTOKe o 6 beKTOB h iiHimnajiiroipyeT Bee hx, npn- 
CBanBan hm .iiia'iemia, KOTopbie rpacj) 06 'bcina imeji po cepnajiH3aH,HH. 06 mhho 3aTeM 
CJie/tycT ii|)mic/i,cimc ccbuiKH Ha B03BpameHHbiii mctoaom Deserialize o 6 beKT k Tuny, 
KOTopbiii o>icn/i,acT yisnxcTb iipii./io>Kemie. 

nPMMEHAHME 

nepeA BaMn nHTepecHbiti n noae3Hbm mctoa, ncno/ib3yiOLAnCi cepma/inaapnio abb co3- 

Aam/iH myboKoti Konnn (KJiOHa) obteKTa: 

private static Object DeepClone(Object original) { 

// Co3flaHne BpeMeHHoro noTOKa b naMBTn 

using (MemoryStream stream = new MemoryStream()) { 

// Co3AaHnfl MOflyAa <j)opMaTnpoBaHna aab cepnaAM3amin 
BinaryFormatter formatter = new BinaryFormatter(); 

// 3Ta CTpoxa onucbiBaeTca b pa3Ae/ie "KoHTeKCTbi noTOKa BBOna-BbiBOAa" 
formatter.Context = new StreamingContext(StreamingContextStates.Clone); 

// CepnanuBaiinfl rpac|)a o6beKTa b noTOK b naMfiTM 

npodojiMenue & 
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formatter.Serialize(stream, original); 

// B 03 BpameHne k Hana/iy nOTOKa b naMBTn nepefl flecepnann 3 apen 
stream.Position = B; 

// flecepnann 3 aunn rpa(()a b hobnm Ha 6 op o 6 beKTOB n B 03 BpameHne 
// KopHB rpa 4 >a (aeTa/ibHon Konnu) Bbi 3 biBaiomeMy MeToay 
return formatter.Deserialize(stream); 

} 


3/i.cci) a xotcji 6bi no6aBiiTb HecKOJibKO aa.vic'taiinii. Bo-nepBbix, cjicayca c/ie,a,HTb 3a 
TeM, HTo6bi cepiiajiH3aiiHH ii ,a,ecepiiajiii3aiiiiH npoH3BOAi-ijiacb oahhm h tcm ace MouyneM 
cjiopMaTiipoBaHiiH. K npiiMepy, HenonycTHM koh, b kotopom ccpMajiM3an,n>T rpacjia o6beKTa 
npoii3BOHHTCH MOny/ieM SoapFormatter, b to bpcmh KaK necepiiajni3aiiiiio ocymecTBJia- 
eT y>icc BinaryFormatter. Ecjih mcto/i, Deserialize He b coctohhiiii pacmucjipoBaTb 
conepaciiMoe nOTOKa, reHepiipyeTCH HCiauoHeHiie System.Runtime.Serialization. 
SerializationException. 

Bo-BTOpbIX, XOTejIOCb 6bl ynOMHHyTb O B03M03CH0CTH H ll(). : IC3l[()CTH CepHajIH3ailHH 

Ha6opa rpacjiOB o6beKTOB b c/imtibih noTOK. Hanpimep, nycTb y Hac ecTb /pi a onpc/ic- 
jieHiiH KaaccoB: 

[Serializable] internal sealed class Customer {/*...*/} 

[Serializable] internal sealed class Order {/*...*/} 

Toiypi b ochobhom KJiacce Harnero ii|)ii./io/icciiiim moscho onpenemiTb cjie/iyiomiie 
CTaTHnecKiie no.ia: 

private static List<Customer> s_customers = new List<Customer>(); 
private static List<Order> s_pendingOrders = new List<Order>(); 
private static List<Order> s_processedOrders = new List<Order>(); 

Tenepb npn noMomu noKa3aHHoro /puiec mcto/pi moscho cepnajiH30BaTb cocTOHHiie 
Harnero npiuioaceHira b e/uimaii noTOK: 

private static void SaveApplicationState(Stream stream) { 

// KoHCTpynpoBaHne MOfly/ifl 4>opMaTnpoBaHna p,n» cepua/iu3apnn 

BinaryFormatter formatter = new BinaryFormatter(); 

// Cepua/iu3aunn Bcero coctoahuh npn/io>KeHHfl 
formatter.Serialize(stream, s_customers); 
formatter.Serialize(stream, s_pendingOrders); 
formatter.Serialize(stream, s_processedOrders); 

} 


Mcto/i,, Hcnojib3yeMbiii /lym liocciaiion. ieiiiiM coctohhiih iipii/io/tcemiM, Bbir/iHAHT 
npimepHO TaK: 

private static void RestoreApplicationState(Stream stream) { 

// KoHCTpynpoBaHne MOfly/is 4 >opMaTnpoBaHnn cepnann 3 apun 
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BinaryFormatter formatter = new BinaryFormatter(); 

// flecepnannaaLinfl coctohhms npH/ioweHHS (Bbino/iHseTcn b tom we 
// nopaflKe, hto h cepna/ni3amis) 

s_customers = (List<Customer>) formatter.Deserialize(stream); 

s_pendingOrders = (List<Order>) formatter.Deserialize(stream); 

s_processedOrders = (List<Order>) formatter.Deserialize(stream); 

} 


TpCTIIH TOHKIIH MOMCIIT, Ha KOTOpblH XOTC.TOCb 6bl yKa3aTb, CBM.'iail CO c6opKaMH. IIpiI 

cepHajiH3au;HH o6bCKTa b noTOK 3anHCbiBaiOTCJi nojiHoe hmh Tuna h oiipe/a'.TMioiuaM ero 
c6opica. IIo y.vto.T'iami 10 BinaryFormatter BbmaeT nojiHbiii n;i,cmTi(])iitcarap c6opKH, 
b KOTopbiii bxoaht ee nojiHoe hmh (6e3 pacmnpcmiM), HOMep Bepcioi, H3biK, pcmona.ib- 
Hbie napaMeTpbi h OTKpbiTbiii k. iiom. /IcccpnajmsyA o6beKT, Mo/tyjib cjtopMaTHpoBamiH 
6epeT H/FeHTHcjuiKaTop c6opKii h o6ecne i niBaeT ee 3arpy3Ky b liiiino. iiiMiomniicM aomcfi 
npn noMoniH MeTO/ia Load Kjiacca System. Ref lection. Assembly (o hcm nuia penb 
b rjiaBe 23). 

nocjie 3arpy3Kii c6opKH Mo/tyjih (jiop.vtaTHpoBamia nmcx b iicm Tim, coisna/taiOTHMH 
c TimoM Aecepiiajm30BaHHoro o6beKTa. Ecjih c6opKa He co/tepaciiT TaKoro Tima, reHepn- 
pyeTCH HCKJnOHeHHe, h /tajibHeftiiiaH ;i,ccepna.Tii3aii,iiH o6beKTOB He m.iiio. inacf CM. I Ipii 
oonapyxeimn ace HyacHoro Tima coa/tacTOi ero aicscMiLTap, h iio.im otoio 9K3eMnjiapa 
iiHim,iiajiH3iipyiOTCH 3 1 immci i nxi \t ii, co;i,ep>KainnMncM b noTOKe. B cay Manx, icor/ta no.ia 
Tuna He iio.inocibio coBna/taiOT c HMeHaMH noaeii, cnnamibiMii H3 noTOKa, reHepupy- 
eTca ncK. iio'ieiine SerializationException h/ puna leiimaM accepnaanaanna o6beKTOB 
npnocTaHaBJiiiBaeTCH. MexaHii3Mbi, noano. iaioinnc nepeonpe/tejinTb TaKoe ii()be;i,eimc, 
Mbi oocvahm nyi'b no3ace. 

BHUMAHME 

HeKOTopwe pacampneMbie npnnoxeHna ncnoab3yiOT abb 3arpy3Kn c6opkh MeTOA 
Assembly.LoadFrom, a 3aTeM KOHCTpynpyiOT obtexTbi n3 HanAeHHbix b 3arpyxeHHon 
cbopxe TnnoB. Taxne obbexTbi MoryT 6e3 npobaeM cepnaan30BaTbca b noTOK. OAHaxo npn 
obpaTHoPi npopeAype MOAyab cJjopMainpoBaHna nbiTaeica 3arpy3HTb cbopxy, Bbi3biBaa 
MeTOA Load xnacca Assembly BMecTO MeTOAa LoadFrom. B 6o/ibLunHCTBe caynaeB CLR He 
MOxeT Han™ cbarm c6opkh n reHepnpyeT ncK/aoneHne SerializationException. Tai<oe no- 
BeAeHkie 3anacTyio CTaHOBtiTca ciopnpn30M abb pa3pa6oT4nxoB. BeAb nocae xoppexTHori 
cepnaan3au,nn ohm oxhasiot Taxon xe xoppexTHOia Aecepnannsapnn. 

Ecbh Baine npnaoxeHne cepnaan3yeT o6t>exTbi, Tnnbi xotopwx onpeAeaeHbi b cbopxe, 
3arpyxaeMon mctoaom Assembly.LoadFrom, pexoMeHAyio BaM peaai/i30BaTb MeTOA 
c cnrHaTypon, coBnaAaiOLAen c cnrHaTypon AeaeraTa System.ResolveEventFiandler, 
a nepeA Bbi30B0M MeTOAa Deserialize 3aperncTpnpoBaTb 3tot mctoa c cobbiTneM 
AssemblyResolve xnacca System.AppDomain. (noc/ieToro xax mctoa Deserialize BepHeT 
ynpaB/ieHna, OTMeHnTe perncTpapnio MeTOAa.) Tenepb, ecan MOAyabcJ)opMaTnpoBaHns He 
CMOxeT 3arpy3HTb cbopxy, CLR Bbi30BeT Barn MeTOA ResolveEventFiandler. B Hero 6yAeT 
nepeAaH nAeHTncJ>nxaTop He 3arpyxeHHon cbopxn. MeTOA n3BneHeT OTTyAa mm« cj>anaa 
n ncno/ib3yeT ero abb nocTpoeHHa MapinpyTa AOCTyna x HyxHon cdopxe. nocae 3Toro 
6yAeT Bbi3B3H MeTOA Assembly.LoadFrom, HTobbi 3arpy3HTb cbopxy n BepHyTb HToroByio 
ccbmxy Ha Hee 1/13 MeTOAa ResolveEventFiandler. 
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Hthk, mm paccMOTpejra ochobw cepiia/maaiinn h ,a,ecepiiajm3auini rpacjiOB o6beKTOB. 
npiinuio ii|)C.vi 'a y3HaTb, KaKi-iM o6pa30M onpe/iejiHTb co6cTBeHHbie cepiiajni3yeMbie 
THnw, a xaiOKC paccMOTpeTb MexaHii3Mbi, iioiibo.iMiomne nojiyHHTb ;i,()ii().iiiinc.ibiii.iii 
KOHTpojib Ha/i, cepiiajHi3aH,HeH h /tcccpiiajitraanHCM. 


Cepna/iM3yeMbie Ti/mbi 

B npoitecce npoeKTiipoBaHiia rmiapa3pa6oTHHK/ io. : i>kcii npiiHHTb co.'iiiaTC./ibiioc perne- 
Hue, pa3pemaTb hjiii hot cepiia.iiiaaiimo 3K3eMnjiapoB Tima. ITo vmo.i [ iaiin 10 cepiiajiH3a- 
li,hh He /lOiiycKacTCM, K npimepy, CJic/iyiomriii ko/i He pa6oTaeT o>Kn/iae.\ii,i.\i o6pa30M: 

internal struct Point { public Int32 x, y; } 

private static void OptlnSerializationQ { 

Point pt = new Point { x = 1, y = 2 }; 
using (var stream = new MemoryStream()) { 

new BinaryFormatter() .Serialize(stream, pt); // ncicmoMeHne 

// SerializationException 

} 

} 


Ecjih 3anycTHTb TaKoii ko/i,, mcto/i, Serialize BbmacT HCKjnoHeHiie System. Runtime. 
Serialization. SerializationException. /)ejio b tom, hto pa3pa6oTHHK Tiina Point He 
y Ka;:ia. : i b hbhom BH/i,e, 'no o6'IjCkti>i //amioro Tima mo>kiio cepHajiH30BaTb. PeuiHTb npo- 
6/ieMy MO/KHO npn noMonin HacTpaiiBaeMoro aTpn6yTa System. SerializableAttribute, 
npiiMeHeHHoro k Tuny cjie/tyiomHM o6pa30M (o6paTHTe BHiiMaHiie, hto AaHHbiii aTpn6yT 
npiiHa/i,jieacHT npocTpaHCTBy hmch System, a He System. Runtime. Serialization): 

[Serializable] 

internal struct Point { public Int32 x, y; } 

Ecjih Tenepb CHOBa CKOMnoHOBaTb h 3anycTHTb npimoaceHiie, bcc iia'iiici HopMa/ib- 
ho pa6oTaTb, a o6beKTbi Tima Point 6y/tyT ccpiia.iii30iia'[ bc>i b noTOK. Cepiia.iriayn 
rpacji, MO/iy.i i> cj/opMaTiipoBaHiia npoBepneT cnoco6HOCTb k cepHajiH3au;HH Kaacaoro H3 
o6beKTOB. Ecjih xoth 6bi o/um H3 o6beKTOB He no/wepstHBaeT cc|)iia./m3aii,iiio, mcto/i, 
Serialize reHepupyeT HCKjnoHeHiie SerializationException. 

nPMMEMAHME 

ripu cepnanM3aiinn rpacpa obteKTOB HexoTopbie Tunbi MoryT OKa3aTbca cepna/iu3yeMbi- 
mm, a HexoTopbie — Hex no npunmiaM, CBH3aHHbiM c npou3BOAHTenbHOCTbio, MOfly/ib 
<i>opMa™poBaHnn nepeA cepna/iM3au,uen He npoBepneT B03M0>KH0CTb stom onepau,uu 
Aim Bcex obbeKTOB. A 3HanuT, MOxeT B03HtiKHyTb cnTyau,rm, xorAa HexoTopbie obbex™ 
OKaxyrca cepnanM30BaHHbiMi/i b noTOK ao noaB/ieHrm MCKinoieHtm SerializationException. 
B pe3ynbTaTe b noTOxe BBOAa-BbiBOAa OKa3biBaKmm noBpexAeHHbie AaHHbie. Xenaie/ib- 
ho, HTobbi koa npwioxeHkm yMen KoppeKTHO BOCCTaHaB/inBaTbcn nocneTaxoM cnTyaunn. 
Stoto moxho Ao6nTbcn, Hanpmviep, cepnann3yn obtexTbi CHana/ia b MemoryStream. 
Echm npopeAypa Aim Bcex obtexTOB npouAeTycneiiiHO, Satrrbi M3 MemoryStream moxho 
CK onkipoBatb b n\o6ov\ APyroCi noTOK BBOAa-BbiBOAa (to ectb b cpa mu win b cetb). 
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HacTpanBaeMbin axpiiSyT SerializableAttribute mo>kct npiiMCim i bCM TOJibKO 
K CCbUIOHHbIM THIiaM (KJiaCCaM), 31141’IIIM I>l M TTinaM (CTpyKTypaM), nepenHCJIHMbIM 
THiia.vi (nepemicjieHHHM) h nejieraTaM (iiMeiiTe b is n Ay, tio iicpct hcji n m bie ranbi h ;p,c- 
jieraTbi iscei/ta cepiiajiii3yeMbi, iio.3to.viv k hum He iiy>i<no hbho npriMeHHTb aTpnSyT 
SerializableAttnibute). /jaHHbiii aTpnSyT He HacneayeTca npon3Bop,HbiMH ranaMH. 
CooTBeTCTBeHHO, b cnc/p,y ioippcm npimepe o6beKT Person MoaceT 6biTb cepiiajiH30BaH, 
a bot o6beKT Employee — Her: 

[Serializable] 

internal class Person { ... } 
internal class Employee : Person { ... } 

IIpo6jieMa mo>kct 6biTb pemeHa npuMCHeHneM aTpn6y'ia SerializableAttribute 
k THny Employee: 

[Serializable] 

internal class Person { ... } 

[Serializable] 

internal class Employee : Person { ... } 

B 3tom cjiynae npo6jieMa pemajiacb jierKO. A bot o6paraaH CHTyarpm — Korp,a 
TpeSyeTCH onpenejiHTb Tim, npoiKsiioaiibm ot 6a30Boro h He iimoioihhh aTpn6yTa 
SerializableAttribute — y>icc He CTOJib TpiiBiiajibHa, o/piaKO cpc./iai 10 HaMepeHHo; 
ecjm 6a30Bbifi ran He /pmycKacT cepHajiH3au,HH cbohx 3K3eMnjuipoB, ero iio.im iicji b3fl 
6yneT nonBeprHyTb 3Toii npopenype, Be/ib 6a30Bbifi o6beKT cjiaKranecKii HBJineTCH 
nacTino ii|)om3iso,4iioi'o. Hmciiipo iiosTO.viy KJiaccy System.Object iia/snaneii aTpH6yT 
SerializableAttribute. 

nPMMEHAHME 

B oOineM cnynae bonbixinHCTBO mnoB nyHine AenaTb cepnann3yeMbiMn. Xom 6bi noTOMy, 
hto 3to AaeT nonb30BaTennM bonbiiiyio rnbicocTb. OAHaKO cneAyeT ynuTbiBaTb, hto npn 
cepnann3au,nn HmaiOTcn Bee nonn obteicra BHe 3aBncnMOdn ot Toro, c iokhm moahc]3h- 
KaTopoM ohm 6binn obbnBneHbi — public, protected, internal nnn private. noaTOiviy ecnn 
mn coAep>KnT KOH<t>HAeHu,nanbHbie nnn 3aLAniAeHHbie AaHHbie (HanpnMep, naponn), BpnA 
nn ctomt AenaTb ero cepnann3yeMbiM. 

Ecnn Bbi paboTaeTe c TnnoM, He npeAHa3HaHeHHbiM Ann cepnannsapnn, a ero ncxoAHbin 
koa HeAOCTyneH, He Bee noTepnHO. HyTb no3xe n paccicaxy, xax opraHH30BaTb cepna- 
nn3ai4nio Taxoro Tnna. 


ynpaBJieHMe cepMa/iM3ai|MeM 
m AecepMa/iM3auMeM 

Ilocjie iiaoiia'peiiiiM rany HacTpaiiBaeMoro aTpn 6 yTa SerializableAttribute Bee 3 K 3 eM- 
i i. i ' a piji ero nojieii (oTKpbiTbie, 3 aKpbiTbie, 3 aniHHieHHbie h t. n.) cianoisMTCM cepHajni 3 y- 
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eMbiMH 1 . Biipo'pe.vt, b Tune MoacHO yKa 3 aTb ncicoTopbic 3 K 3 eMnnapbi KaK He no/yieacamne 
cepHajiH 3 aH,iin. B o6meM cnyaae 3 to AenaeTca no xiiy.vi npinwHaM: 

□ none coAepacHT HHcjiopMaiiH 10, CTaHOBamyroca HeAeHCTBHTenbHOH nocne xccepn- 
ajiH 3 au;HH. Hanpimep, cio/p:i othochtch o6beKTbi, coAcpacainne ACCicpiiiiTopi>i 06b- 
eKTOB HApa Windows (TaKHx, KaK (j)aii.Ti>i, iiponcccbi, noTOKH, MbiOTeKCbi, co6mthh, 
ceMacjaopbi n t. n.). Hx Acccpiia./m 3 aii,ii!>i b Apyroii npopecc hah Ha Apyryio Mamirny 
deccMbicneHHa, TaK KaK AecKpunTopbi aApa Windows iipiiba.saiibi k KOHKpeTHOMy 
npopeccy. 

□ noAH coAepacaT nenco o6HOBnaeMyio HHcjaopManino. B atom cnyaae CAenaB hx hc noA- 
.aeacamii.viH cepHanH 3 au;HH, bbi yMeHbniHTe ooncM nepeAaBaeMbix AaHHbix, a ;s nan pit, 
nOBbICHTe npOH 3 BOAHTeAbHOCTb. 

B noKa 3 aHHOM Aanee (JipanvieHTe KOAa c noMombio HacTpaHBaeMoro aTpiidyTa System. 
NonSerializedAttribute noMeaaiOTCH nona, He noAnencamne cepiiaAH 3 aH,HH (hmch- 
Te b BHAy, 'no 3 tot aTpndyr oupcACJieip b npocnpaHCTBe invieH System, a He System. 
Runtime.Serialization): 

[Serializable] 
internal class Circle { 
private Double m_radius; 

[NonSerialized] 
private Double m_area; 

public Circle(Double radius) { 
m_radius = radius; 

m_area = Math.PI * m_radius * m_radius; 

} 


} 

OdbeKTbi KAacca Circle AonycKaiOT cepHanH3aii,Hio, ho MOAynb cjiopMaTHpoBaHiia 
cepHaAH3yeT toabko .iiia'iciiiia nona m_radius. Biia'peniia nona m_area He cepiia. : ni3y- 
lOTca, TaK KaK 3TOMy noAB 6biA iiii.iipip'pci p aTpndyr NonSerializedAttribute. Ero Ha- 
3,iia'paiOT TOAbKO 110 ./ 1 H.Y 1 THna, ho AeiicTBHe aTpiioyra pacnpocTpaHaeTca Ha nona h npn 
HacneAOBaHiiH ApyniM thhom. Kohchho, b i i pcAcnax THna oh MoaceT 6biTb Ha3HaaeH 
penoMy Hadopy noneii. 

npeAnoAoaciiM, b HarneM koac o 6 'p>ckt Circle KOHcnpyupyeTca CAC/pyioiniiM 06 - 
pa30M: 

Circle c = new Circle(10); 


1 B C# BHyTpn TimoB, noMeaeHHbix aTpiibyroM [Serializable], He ctoht onpenenaTb aBTOMaTnae- 
ckh peanH3yeMHe CBoncTBa. JXeno b tom, hto HMeHa noneft, reHepirpyeMbie KOMniiAHTopoM, MoryT 
MeHHTbca nocne KaacAoii cnenyiomeH KOMniinainm, hto cnenaeT HeB03MoacHon AecepHanii3aniiio 
araeMnnapoB Tima. 
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IIojiio m_area 6buio npiiCBoeHO 3HaHeHiie, paBHoe npiiMepHO 314,159. Ho npn 
cepHajiH3au,HH oObeKTa b noTOK BBOAa-BMBOAa 3aimcbiBaeTca Tojibico aiia'ieinie iio.im 
m_radius, paBHoe 10. Hmchho 3Toro mm ii /loOiTBajiiTCb, ho npn ncccpwajw.3anHH noTOKa 
oOparao b oo'PjCict Circle B03HiiKaeT npo6jieMa. I lo.ic m_radius nojiynm .iiiaaemie 10, 
a bot nojie m_area CTaHeT paBHbiM 0, a He 314,159! 

CjieayiomHH (jiparMcm Kona noKa3biBaeT, KaK peniHTb 3Ty ii|)o6./iCMy: 

[Serializable] 
internal class Circle { 
private Double m_radius; 

[NonSerialized] 
private Double m_area; 

public Circle(Double radius) { 
m_radius = radius; 

m_area = Math.PI * m_radius * m_radius; 

} 

[OnDeserialized] 

private void OnDeserialized(StreamingContext context) { 
m_area = Math.PI * m_radius * m_radius; 

} 

} 

Tenepb o6beKT Circle CHabaceH mctoaom c HacipaiiBaeMbiM aTpuOyroM System. 
Runtime .Serialization .OnDeserializedAttribute 1 . npn AecepHajiH3aiiHH 3K36 m- 
n/rapa THna Monyjib ())0|)MaTU|)oiiamiH npoisepacT iia.iii'iiie b THne mcto/ai c /uiiiiii.im 
aTpH6yTOM. I Ipii najibHefimeM Bbi30Be MCTO/i,a bcc cepiia./iii3yc.\iP)ie iioam iiojiypax Kop- 
peKTHbie .HPa'ieiPiiM h k TOMy ace CTaHyT/p,ocTyiPiii>iMii ,yin /p,opio.iiiu pc-./pi>i p p>i x onepaiinfi, 
6e3 KOTopbix HeB03MoacHa no/maa AecepHajiH3aiiHH oobeicia. 

B MOAHcjumiipoBaHHofi Bepciiii oo'ijcina Circle a aacTaiui/i mcto/p, OnDeserialized 
BbiHHCJiHTb ii. ; ioina/i,b Kpyra Ha ocHOBe .'iiia'iciiiia iio/ih m_radius, iioMCinaM peay/iinaT 
b none m_area. B pe3y/ibTaTe sto none iio/iyiacT iiy/Kiioc HaM aipa'ieiiiie 314,159. 

KpoMe HacTpaiiBaeMoro aTpuSyTa OnDeserializedAttribute b npocTpaHCTBe 
HMeH System. Runtime.Serialization onpene/ieHM Taicace HacipaiiBaeMbie aTpH6yTbi 
OnSerializingAttribute, OnSerializedAttribute h OnDeserializingAttribute, 
iipn.\iciiiiii KOTopbie kM eTOnaM Harnero'ntiia mm iio/iy'pae.vi ;i,oiio. : mme. : ip>iii)iii KOHTpojib 
Hap cepnajiH3aH,HeH h /tecepiia./piiaaip,iieii. npimep K/iacca, iipii.vieipaioiiuTo k .viCTO/py 
Bee 3 th aTpu6vTP)i: 

[Serializable] 
public class MyType { 

Int32 x, y; [NonSerialized] Int32 sum; 

npodojiMenue # 

1 IlpiiMeHeHHe HacTpariBaeMoro aTpnbyTa System.Runtime.Serialization.OnDeserialized 
HBjiHeTca 6o/iee npe/p,nonTiiTejn>Hi>iM b cjiynae BBi30Ba Mero/ia npn AecepiiajmaaijHH obteicTa, 
neM peajni3aijHH tipiiom MeTOAa OnDeserialization HHTepcfpeiica System.Runtime.Serialization. 
IDeserializationCallback. 
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public MyType(Int32 x, Int32 y) { 
this.x = x; this.y = y; sum = x + y; 

} 

[OnDeserializing] 

private void OnDeserializing(StreamingContext context) { 

// npuMep. npucBoeHne no/iflM 3HaHeHnii no yMonnaHmo b hobom Bepcnn Tuna 

} 

[OnDeserialized] 

private void OnDeserialized(StreamingContext context) { 

// npuMep. MHnuna/insaLinB BpeMeHHoro coctobhub no/ieii 
sum = x + y; 

} 

[OnSerializing] 

private void OnSerializing(StreamingContext context) { 

// npuMep. MoflM(|)HKauMfl coctobhmb nepea cepna/iM3auneii 

} 

[OnSerialized] 

private void OnSerialized(StreamingContext context) { 

// npuMep. BoccTaHOBaeHne n\o6oro coctobhub nocae cepna/iM3aunn 

} 

} 


Mctoa, onpeAeneHHbiii c othmh AeTbipbMH aTpH6yTaMH, AOJiaceH npimiiMaTb e/piH- 
CTBeHHbiii napaMeTp StreamingContext (nonpo6HO mm noroBopiiM o tom no3»ce) 
H B03BpamaTb 3)iaHCHHC THna void. 14 MM MCTO/ta MO>KCT 6bITb npOII3BOJIbHbIM. 06bMB- 
jiHTb ero cjieayeT c MO/tHcjimaiTopoM private, hto6m HCTcmo'WTh bm30b h3 oobrmoro 
KOAa; MO/iyjm (|)OpMaTHpOBaHIIH HMCIOT AOCTaTOAHblii ypOBeHb npaB, ATo6bI BbI3bIBaTb 
private-.\ieTo;i,P)[. 

nPMMEHAHME 

ripn cepnajin 3 ai 4 MM Ha 6 opa odteKTOB MOAyab cJjopMaTMpoBaHMM CHanaaa Bbi 3 biBaeT 
Bee MeTOAbi o 6 beKTOB, noMeneHHbie aipndyTOM OnSerializing. 3 aieM cepnaai/i 3 yiOTCH 
no/iM Bcex oOteKTOB, nocaeAHeti HacTynaei onepeAb mgtoaob o 6 beKTOB c aTpi/idyTOM 
OnSerialized. AHaaornnHO npm Aecepnanm 3 aunn Ha 6 opa odbeicroB MOAyab<i>opMa™po- 
BaHna Bbi 3 biBaeT CHanaaa MeTOAbi odteKTOB, noMeneHHbie aTpmSyTOM OnDeserializing, 
3 aTeM Aecepma/iu 3 yeT noaa o 6 t.eKTOB, b 3 aBepmeHne Bbi 3 biBan MeTOAbi oOteKTOB 
c aTpnSyroM OnDeserialized. 

CneAyeT ynnTbiBaib, mto npi/i Aecepi/iaai/i 3 auni/i, odHapyxnB Tun c noMeneHHbiM aipn- 
6 yroM OnDeserialized mgtoaom, MOAyab cJjopMaTupoBaHMM AodaBaaeT ccbiaxy Ha 3tot 
odteKT bo BHyTpeHHnM cnticoK. Otot cnncoK npocMaTpnBaeica b odpaTHOM nopaAxe 
nocae Aecepnaan 3 aunM Bcex odteicroB, m MOAyab cfiopMaTnpoBaHMa Bbi 3 biBaeT MeTOA 
c aTpn 6 yTOM OnDeserialized Aaa xa>KAoro odbeicra. I 1 pn 3tom nponcxoAm Koppeicmoe 
npMCBoeHne 3 HaHeHMM BceM cepnaai/i 3 yeMbiM noaaM n npeAOCTaBaaeTca AOCTyn ko BceM 
Heo 6 xoAHMbiM Aaa noaHofi Aecepnaan 3 aunn odbeicra onepau,naM. OSpaTHbiti nopaAOK 
Bbi 30 Ba MeTOAOB odecneHMBaeT CHanaaa Aecepnaan 3 aunio BHyTpeHHnx odteKTOB, a yx 
3 ateM Aecepnaan 3 yiOTCM BKaionaiOLAne mx b ce 6 a BHewHne odbexTbi. 
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K npmviepy, npeACTaBbre Koa/ieKu,mo (Hashtable nan Dictionary), p,nn ynpaB/ieHnn Ha6o- 
poM aaeMeHTOB ncnoab3yiomyK3 xam-TaOnnpy. Tun obbeKTOB stom KO/uieKpnn peann3yeT 
MeTOA c aTpnbyTOM OnDeserialized. Xom KoaneKpnn flecepnaan3yeTcn nepBon (nepeAee 
aneMeHTaMn), yi<a3aHHbin MeTOA Bbi3biBaeTcn b KOHu,e (nocne aHanornHHbix mgtoaob pj\» 
BcexaneMeHTOB). 3 to no3BoaaeT 3/ieMeHTaivi 3aBepujuTb Aecepna/iu3au,nio, xoppeKTHO 
nHnu,naan3npoBaB Bee no/w, n npaBUJibHO BbiHncnuTbxauj-KOA. 3aieM KoaaeKu,na co3Aaei 
BHyTpeHHnri cerMeHT naivinTn u c noMombio xam-KOAa aaeMemriB noMeiAaeT nx b stot 
cerMeHT. floAPobHbin npuMep c KaaccoM Dictionary Bbi HaFiAete b stow raaBe Aaaee. 


Ecjih cepHajiH30BaTb 3 i<3cmii. im|) THna, Ao6aBiiTb k HeMy HOBoe none h nonbiTaTbCH 
Aecepnajiii30BaTb He coAepacammi 3 toto nojia o6beKT, MOAyab cjtopMaTiipoBaHim BbmacT 
HCKmoACHiie SenializationException c coo6meHiieM o tom, tio AaHHbie b Accepria- 
jiH3yeMOM noTOKe coaepacaT HeBepHoe koahhcctbo 'iacfiob. 11 0/1,06nan npo6aeMa nacTO 
B03HiiKaeT npn H3MeHeHim BepcHH, TaK KaK npn nepexoAe ot CTapofi BepcHH k THny 
AOOaiiAMiOTCH HOBbie nojiH. K cnacTiiio, Moaoio BOcnojib30BaTbca axpiioyTOM System. 
Runtime.Serialization.OptionalFieldAttnibute. 

ATpnSyT OptionalFieldAttnibute Ha3HaHaeTCH KaacAOMy HOBOMy nojno, Ao6aB- 
./iriCMOMy k THny. BcTpeTHB iio.ie c TaKiiM aapriSyiOM, moava i< ())opMaTHpoisauna He 
reHepupyeT hckatohciwc SenializationException, Aaaee cca n Aamnae b noTOKe He 
coAepacaT Taicoro nojia. 


Cepna/in3aui/m aioeMnjiqpoB Tuna 

B atom pa3Aeae noApo6HO paccMaTpHBaeTCH TeMa cepHaaH3au;HH noaeii o6beKTa. 3Ta 
TeMa noMoaceT BaM noHHTb HeTpiiBiiaabHbie npneMbi cepua. : iii3annn h ACcepHaAH3anHH, 
KOTopbiM iiocisamen ocTaTOK AaHHoii raaBbi. 

/I,ah o6AerneHHH pa6oTbi MOAyan cjtopMaTiipoBaHHH b FCL BKAioneH Tim 
FormatterSenvices 113 npocTpaHCTBa hmch System.Runtime.Serialization. Oh 
o6aaAaeT TOAbKO CTaTiraecKHMH MeTOAaMii h He AonycKaeT co3AamiH 3K3eMn anpoB . Bot 
KHKI-IM o6pa30M MOAyAb (JlOpMaTHpOBaHHH aBTOMaTHHeCKII CepiiaAII3yeT o6beKT, THny 
KOToporo Ha3HaneH aTpn6yT SerializableAttribute: 

1. MOAyAb cjtopMaTHpoBaHHH Bbi3biBaeT MeTOA GetSerializableMembers icaacca 
FormatterServices: 

public static MemberInfo[] GetSerializableMembers( 

Type type, StreamingContext context); 

/Jah noAyneHHH OTKpbiTbix h 3aKpbiTbix ;:)i<3eMii.iM|)m.ix noAeii (iiric.iionaM noAH 
c aTpn6yTOM NonSerializedAttribute) otot mctoa ncnoAb3yeT OTpaaceHiin. Oh 
B03BpamaeT MacciiB o6beKTOB Member Info — no OAHOMy o6beKTy Ha KaacAoe cepn- 
aAH3yeMoe 3K3eMnAHpHoe noae. 

2. I loAvioimi.iii MaccHB o6beKTOB System. Ref lection .Memberlnfo nepeAaeTCH CTa- 
TnnecKOMy MeTOAy GetObjectData Kaacca FormatterServices: 

public static Object[] GetObjectData(Object obj, MemberInfo[] members); 
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3tot MeTOA B03BpamaeT MacciiB Object, b kotopom Kaacubiii ojicmcht onpenejineT 
3HaHeHiie nojin cepiiajni30BaHHoro o6i>eKTa. MaccHBbi Object h Memberlnfo napan- 
jiejibHbi. To ecTb HyjieBOH .'Xtc.yktit Macci-iBa Object npencTaBjuieT co6oh .siiauenue 
njieHa, cjinrypiipyiomero b Macci-iBe Memberlnfo non HyjieBbiM hhackcom. 

3. Moayjib (jiopMaTHpoiiaima 3anHCbiBaeT b noTOK haciitikJhi icanop c6opKii h nojiHoe 
ms THna. 

4. Moayjib (jiopMaxupoiiami a nepecHHTbreaeT ojie.vtem t>i AByx MaccHBOB, aaiiHCbmaa 
b noTOK BBOAa-BbiBOAa iimji Kaacnoro xjiena h ero aiia'iemie. 

A bot KaK BbirjiHAHT (i|)oi[.C'/typa aBTOMaTHHecKofi Acccpna./ni3anii n o6 - beKTa, thii 

KOToporo noMeaeH aTpH6yTOM SerializableAttribute: 

1. Moayjib (jiop.viaTHpobaima ainacr H3 noTOKa mio,ia-m>ii:o,ta HAeHTiiijiHKaTop c6op- 
kh h nojiHoe hmh THna. Ecjih c6opKa eme He aarpyaccua b /iompii, oh 3arpyacaeT ee 
(KaK omicaHO paHee). IIpn HeB03M0acH0CTH 3arpy3Kii noHBJiHeTCfl HCKJHoneHHe 
SerializationException, h ,tcccpiiajm3aii,iiH o6i>eKTa 0 CTaiiaiiTm:aeTca. Ecjih ace 
c6opKa ycneuiHO 3ai py>KCiia, MonyJib tjiopMaTHpoBaHHH nepenaeT CTai ii'iecKOMy 
MeTOAy GetTypeFromAssembly Kjiacca FormatterServices ee HueHTHcjiHKaTop 
h nojiHoe hmh Tima: 

public static Type GetTypeFromAssembly(Assembly assem, String name); 

MeTOA B03BpamaeT o6i>eKT System.Type, conepacamiiH HHiJiopMaiiHio o rane 
AecepHajiii30BaHHoro o6i>eKTa. 

2. Monyjib cjiopMaTHpoBaHHH Bbi3biBaeT CTaTHnecKiiii mctoa GetUninitializedObject 
Kjiacca FormatterServices: 

public static Object GetUninitializedObject(Type type); 

3tOT MOTOA ISPjIAC.IHCT naMHTb 110,1 HOBblii o6l>eKT, HO He BbI3bIBaeT ero KOHCTpyK- 
TOp. npH 3T0M BCe 6aHTbI o6l>eKTa HHHH,HajIH3HpyiOTCH 3»[[il'ICF[HOM null HJIH 0. 

1. TeM ace choco6om, hto h paHbine, moavji b tjiopMaTHpoBaHHH co.3,iacT h HHHiina- 
jiH3iipyeT MaccHB Memberlnfo, Bbi3biBaa mctoa GetSerializableMembers Kjiacca 
FormatterServices. /jamibiH mctoa B03Bpain,aeT Ha6op nojieH, KOTopbie 6buni 
cepiiajiH30BaHbi h Tenepb iiy'/ic,iaiOTCH b ,icccpiia.Tii3an,iiii. 

2. H 3 coAepacamHxcH b noTOKe bb OA,a-BbiBOA,a naHHbix Monyjib cjiopMaTHpoBaHHH co3- 
,tac'r h HHHH,HajiH3HpyeT MacciiB Object. 

3. CcbijiKH Ha ToabKO hto pa.3MCi no iin i>i ii b iia.viHTH o6i>eKT, MacciiB Memberlnf o, h na- 
pajuiejibHbifi eMy MacciiB Object co aiia'iemi mm 11 nojieii iiepe,iaiOTca ct at u a c c k o m y 
MeTony PopulateObjectMembers Kjiacca FormatterServices: 

public static Object PopulateObjectMembers( 

Object obj, MemberInfo[] members, Object[] data); 

3tot mcto,i nepe6npaeT o.Tc.vieiiTbi MaccHBOB, iiunnuajTH.iHpya Kaacnoe none 
cooTBeTCTByiomiiM ;siiaaeime.vi. B pe3yabTaTe o6t>ckt oicaabiisacTCM noaHOCTbio pc- 
CepiiajIH30BaHHbIM. 
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ynpaBJiehme cepi/ia.ni/i30BaHHbiMn 

m Aecepna/m30BaHHbiMM AaHHbiivm 

KaK y>icc ynoMiiHanocb b stoh r.iaise, ynpaBJiHTb npoiieccaMH cepHajiH3au;HH h acc,c- 
pnajiH3aLi,HH jiy^nie Bcero npii noMomu aTpH6yTOB OnSerializing, OnSerialized, 
OnDeserializing, OnDeserialized, NonSerialized hO ptionalField. O/tHaico mior/ta 
BCTpenaiOTCH citeHapim, /via kotopmx xamibix aTpH6yTOB no/i.oc'iaTO'iiio. KpoMe Toro, 
pa6oTa Moayjieii <})opMaTupoi;ami a ocHOBaHa Ha orpaxemni, a sto — He 6biCTpbifi npo- 
u,ecc, 3iiaMi-iTC. : iijiio 3a\i(xf ; iaioiuriri ce|)na.;m;:iamiio h/ i,(x:e|:)iia.;m;:ianmo o6beKTOB. L lro6bi 
nOJiyHHTb nOJIHblli KOHTpOJIb HAA AaHHblMH npOH,e/I,ypaMH II HCKJHOHHTb OTpaaCCHIie, Tim 
MoaceT peajm30BaTb iiHTepcjieHC System. Runtime. Serialization. ISerializable, 
onpeAejiHeMbiii cxeAyiomHM o6pa30M: 

public interface ISerializable { 

void GetObjectData(SerializationInfo info, StreamingContext context); 

} 


BHyTpn 3 toto iiHTep4)eiica HMeeTCH Bcero oahh mctoa — GetObjectData. Ho 
6ojibiHiiHCTBO peajiH3yiomHx ero TimoB peajiH3yiOT xaiOKC cneitHajibHbm KOHCTpyKTop, 
KOTopbiii KpaTKO oniicaH xa.icc. 

BHMMAHME 

Ochobhou npobaeMon nHTepcpenca ISerializable aBJiaeTca tot cJiaKT, hto ero AonxHbi pe- 
ann30BbiBaib n Bee npon3BOAHbie™nbi, rapaHTnpoBam-io Bbi3biBaa mctoa GetObjectData 
6a30Boro icnacca n cneunaabHbin KOHCTpyKTop. KpoMe Toro, peani/i3au,nio ashhoto i/ih- 
TepcpeCica TnnoM Henb3n OTMeHmb, noTOMy hto 3to npnBeAeT k noiepe coBMecTnMOCTn c 
npon3BOAHbiMn Tnnaivin. BnponeM, Ana n3onnpoBaHHbixTnnoB peann3au,na nmepcjienca 
ISerializable BcerAa npoucxoAUT 6e3 npobnewi. KpoMe Toro, n36exaTb noTeHunanbHbix 
HenpnaTHOCTePi, CBH3aHHbix c AanHbiM nmepcJiei/icoM, mo>kho npn noMOLAn onncam-ibix 
paHee HactpanBaeMbix atpnbytoB. 


BHMMAHME 

MHTepcbeMC ISerializable n cnennanbHbin KOHCTpyKTop npeAHa3HaneHbi Ana MOAyna 
<i>opMa™poBaHnn. Bbi30B MeTOAa GetObjectData APyrtiM koaom noTemj,uanbHO MOxceT 
npnBec™ k B03BpaiAeHnio KOHcpnAeHLinanbHon uHcbopMaiiun. flpyron koa MOxeT npn 3 tom 
co3AaTb obbeKT, nepeAaiOLunM noBpe>KAeHHbie AaHHbie. nosTOiviy MeTOAy GetObjectData 
n cneunanbHOMy KOHCTpyKTopy peKOMeHAyeica Ha3HannTb cneAyroiAnOi aTpnbyi: 

[SecurityPenmissionAttribute(SecurityAction.Demand, SerializationFormatter = 

true)] 


IIpii cepnajiii3aiiiiii rpacjia MOAyAb cjtopMaTHpoBaHtm npocMaTpiiBaeT KaacAbiii o6beicr. 
Ecjih Tim o6beKTa peajni3yeT nmepcjxaic ISerializable, \ioxyn i> cjtopMaTiipoBaHHH 
iiraopiipyeT Bee nojib30BaTejibCKiie aTpn6yTbi h KOHCTpyHpyeT HOBbiii o6beKT System. 
Runtime.Serialization.Serializationlnfo, coAepacamnii peajibHbin Ha6op Bcex 
iio/u : ic>Kamnx cepHaAiraaiiHH ana'iemiii o6beKTa. 
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B KOHCTpyiipyeMbin o6beKT Serializationlnfo MOAynb 4>opMaTiipoBaHira nepe- 
AaeT ABa napaMCTpa: Type h System. Runtime. Serialization. IFormatterConverter. 
nepBbiii napaMeTp ii;i,em it())iniii|:)ycT cepiiajiii3yeMbiii o6beKT. J\jih ymiloi. ibimu u;i,eii- 
THcJjHKapHH Tuna Tpe6yeTca ana (Jipar.viema aaHHbix: CTpoKOBoe hmh Tima h hachth- 
()hiK axopero c6opKii (isK.aio'iaioiuuu n.vui c6opicii, ee Hcpcuio, peraoHaubHbieCTaHaapTbi 
h OTKpbiTbiii K. iiou). ToTOBbiH o6'bc kt Serializationlnfo noaynacT nojiHoe hmh Tima 
(3anpocnB CBoiicTBO FullName), coxpamia ero b 3aKpbiTOM none. JXj ih r ioxiy mciiiixi iio.t- 
Horo HMeHii Tima Hcnojib3yHTe cbohctbo FullTypeName KJiacca Serializationlnfo. 
AHajionmHbiM o6pa30M KOHCTpyKTop nojiynaeT onpeAeamomyio ran c6opicy (3a- 
npamiiBaH cna'iaxia cbohctbo Module iciacca Type, 3aTeM cbohctbo Assembly KJiacca 
Module h, HaKOHeu,, cbohctbo FullName KJiacca Assembly), coxpaHHji nojiyn;eHHyio 
CTpoKy b 3aKpbiTOM none. /[.;im nojiyicmia naem niJimcaTopa c6opKH iicnojib3yHTe none 
AssemblyName KJiacca Serializationlnfo. 

nPMMEHAHME 

3aflaTb CBoFiCTBa FullTypeName n AssemblyName KJiacca Serializationlnfo He Bceraa 
bo3mo>kho. flan n3MeHeHns Tuna nocne cepua/in3au,nu peKOMeHAyeTcn Bbi3BaTb MeTOA 
SetType K/iacca Serializationlnfo n nepeAaTb eMy ccbuiKy Ha xenaeMbii/i obteKT Type. 3to 
rapaHTnpyeT KoppeKTHOCTb 3aAaHns no/iHoro nivieHH n onpeAeaniouien cbopKn. npnMep 
npnMeHeHns AaHHoro MeTOAa npuBOAmcn Aanee b 3toh maBe. 


Ilocjie C03AaHiia h imim,iiajiH3ari,HH o6beKTa Serializationlnfo Moaya i> cjiopMa- 
THpoBaHHH nepe^aeT ccbuiKy Ha Hero b mctoa GetObjectData Tima. M.vtemio mctoa 
GetOb jectData onpeaejiHeT, KaKaa imcJiopMaiiim Heo6xoAHMa aah cepHajiH3au,iin 
o6beKTa, hA o6aBJiaeT 9Ty im(|)opMari,Hio k o6beKTy Serializationlnfo. Oiipcacacmie 
Heo6xoAHMoii a a a cepiiajiii3ari,HH im())op.vtanii 11 nponcxoAHT npn noMomu oahoh 113 
MHoacecTBa neperpyaceHHbix Bepcioi MCToaa AddValue Tima Serializationlnfo. J\jm 
KaacAoro cjiparMeHTa AaHHbix, KOTopbiii bm xothtc aooaisHTb, bbi.iijiisac iCM oa 1111 mctoa 
AddValue. 

IIoKa 3 aHHbiH aa.ice koa AeMOHCTpupyeT, KaKHM o6pa30M Tim DictionarycTKey, 
TValue> peajni3yeT HHTepijieHCbi ISerializable h IDeserializationCallback, ao- 
6iiBaHCb kohtpoah h4a cepiiajniaaiiiieii 11 AecepHajiH3an,iieH cbohx o6beKTOB: 
[Serializable] 

public class DictionarycTKey, TValue>: ISerializable, 

IDeserializationCallback { 

// 3aecb 3aKpbiTbie no/in (He noKa3aHHbie) 

private Serializationlnfo m_siInfo; // To/ibKO a/ia Aecepnann3aiinn 

// CneunanbHbiii KOHCTpyKTop (Heo6xoflHMbin nHTep<|)ency ISerializable) 

// fl/in ynpaBneHHH aecepnann3aiineii 
[SecurityPermissionAttribute( 

SecurityAction.Demand, SerializationFormatter = true)] 
protected Dictionary(SerializationInfo info, StreamingContext context) { 
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// Bo BpeMfi Aecepna^M3aunn coxpaHMM 
// Serializationlnfo aah OnDeserialization 
m_siInfo = info; 

} 

// MeTOA ynpaBneHna cepnann3auneii 

[SecurityCritical] 

public virtual void GetObjectData( 

Serializationlnfo info, StreamingContext context) { 

info.AddValue("Version", m_version); 

info.AddValue("Comparer", m_comparer, typeof(IEqualityComparer<TKey>)); 
info.AddValue("HashSize", (m_ buckets == null) ? 0 : m_buckets.Length); 
if (m_buckets != null) { 

KeyValuePair<TKey, TValue>[] array = 
new KeyValuePair<TKey, TValue>[Count]; 

CopyTo(array, 0); 
info.AddValue( 

"KeyValuePairs", array, typeof(KeyValuePair<TKey, TValue>[])); 

} 

} 

// MeTOAj BbBbiBaeMbin nocAe AecepnaAH3apnn Bcex K/iroHeii/3Ha*HeHnn o6beKTOB 
public virtual void IDeserializationCallback.OnDeserialization( 

Object sender) { 

if (m_siInfo == null) return; // HuxorAa He npHCBaMBaeTCB, 

// B03BpameHne ynpaBneHinn 

Int32 num = m_siInfo.GetInt32("Version"); 

Int32 num2 = m_siInfo.GetInt32("HashSize"); 
m_comparer = (IEqualityComparer<TKey>) 

m_siInfo.GetValue("Comparer", typeof(IEqualityComparer<TKey>)); 
if (num2 != 0) { 

m_buckets = new Int32[num2]; 

for (Int32 i = 0; i < m_buckets.Length; i++) m_buckets[i] = -1; 
m_entries = new Entry<TKey, TValue>[num2]; 
m_freeList = -1; 

KeyValuePair<TKey, TValue>[] pairArray = ( 

KeyValuePaircTKey, TValue>[]) m_siInfo.GetValue( 

"KeyValuePairs", typeof(KeyValuePair<TKey, TValue>[])); 
if (pairArray == null) 

ThrowHelper.ThrowSerializationException( 

ExceptionResource.Serialization_MissingKeys); 

for (Int32 j = 0; j < pairArray.Length; j++) { 
if (pairArray[j].Key == null) 

ThrowHelper.ThrowSerializationException( 

ExceptionResource.Serialization_NullKey); 

Insert(pairArray[j].Key, pairArray[j].Value, true); 

} 

} else { m_buckets = null; } 


npodojiwemie & 
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m_version = num; 
m_siInfo = null; 


Kaacubift mctoa AddValue npHHHMaeT b ioucctisc napaMeTpa hiui Tuna String n Ha- 
6op /lamn.ix. 06mhho axn /laimiac rrj)i11ia/u : ic>Kar k npocTbiM 3iiaxnMP>iM TunaM, TaraiM 
KaK Boolean, Chan, Byte, SByte, Intl6, UIntl6, Int32, UInt32, Int64, UInt64, Single, 
Double, Decimal h DateTime. BnpoHeM, MeTOny AddValue mo»cho nepenaTb ccbuiKy Ha 
Tim Object, k npHMepy, String. Ilocne Toro KaK mctoa GetObjectData Ao6aBHT bcio 
iieooxo/uiMyio aaa cepHajiH3au;HH HiujpopMauHro, ynpaBJieHiie B03BpamaeTca .vTO/ty./i k > 
(j)OpMaTHpOBaHHH. 

nPMMEHAHME 

flobaBJiaTb k Tuny nH<i>opMau,nio cepna/in3apnn c/ieAyeT To/ibxo c noMombio oahoto 1/13 
neperpyxeHHbix mgtoaob AddValue. flan nonen, ™n KOTopbix peaan3yei HHTepcpenc 
ISerializable, Hexib3n Bbi3biBaTb MeTOA GetObjectData. 4To6bi AobaBnTb noae, ncnoxib- 
3ytiTe MeTOA AddValue; MOAyab <j>opMa™poBaHnn npocaeAUT 3a TeM, HTobbi Tnn noan 
peaan30Baa ISerializable, n Bbi30BeT MeTOA GetObjectData. Ecan >xe Bbi peiume Bbi3BaTb 
3tot MeTOA Aan onncam-ioro paHee noan, npn Aecepuaan3aunn noTOxa BBOAa-BbiBOAa 
MOAyab cJ)opMaTnpoBaHnn He 6yAeT 3HaTb, hto oh AoaxeH co3AaTb HOBbiti obbexT. 


Ha 3tom 3Tane MOAyAb cjiopMaTiipoBaHiiH 6epeT Bee Ao6aBjieHHbie k o6beKTy 
Serializationlnfo .siiaxeiiiia h cepnajiH3yeT hx b noTOK BBOAa-BbiBOAa. 06paTHTe 
BHiiMaHiie, hto .viexo/iy GetObjectData iiepcAacTCH eme oahh napaMeTp: ccbiAKa Ha 
o6beKT System.Runtime.Serialization.StreamingContext. 3tot napaMeTp htho- 
pupyeTCH mcto/iom GetObjectData 6ojibniHHCTBa thiiois, iio.3TO.\iy 3/i.cci. mh Ha HeM 
ocTaHaBJiHBaTbca He CTaHeM, a paccMOTpHM ero ox/rc./i!>iio 6ah>kc k KOHiiy raaBbi. 

HTaK, Bbi yace 3HaeTe, KaK 3.a;i,aTP) bcio iieo6xo;i,i'PMyio ,yi>i cepHajiH3au,HH iiipcjjop.via- 
li,iiio. I lpiim./ia nopa paccMOTpeTb npopeAypy /i,ecepna.Tii.3aii,nn. Hibackxixi o6beKT H3 
noTOKa BBOAa-BbiBOAa, MO/iyjib (jpopMaTupoBaHHH BbiAenaeT jsj m Hero mccto b naMHTH 
(Bbi3biBaa CTaTHHecKiiii mctoa GetUninitializedObject Tima System. Runtime. 
Serialize. FormatterServices). H3HaHajibH0 bccm nojiHM o6beKTa npriCBaiiBaeTCH 
3HaneHHe 0 hjih null. 3aTeM moava i. (jxipMa'i HpoiiaippiM npoBepaeT, peajiH3yeT ah Tim 
HiiTcpcjieiic ISerializable. B cxiyiae noAoatHTeAbHoro pe3yjibTaTa npoBepKH moavai> 
nbiTaeTCH Bbi3BaTb ciiciiiia.iiapiiiip KOHCTpyKTop, napaMeTpbi KOToporo iiAem H'iiiiii na- 
paMeTpaM .YicxoAa GetObjectData. 

fljIH KJiaCCOB, IIOMCPCHIIIjIX MOAHCjlHKaTOpOM sealed, 3T0T KOHCTpyKTop peKOMeH- 
AyeTca o6bHBJiHTb c MOAncjiHKaTopoM private. 3 to npeAOxpamiT koa ot cnyHaimoro 
BbI30Ba H nOBbICHT ypOBeHb 6e30naCH0CTH. 'I’aiOKC KOHCTpyKTop MOACHO nOMeTHTb MO- 
AHcjiHKaTopoM protected, npeAOCTaBHB AOCTyn k HeMy TOJibKO npoii3BOAHbiM KJiaccaM. 
BlipO'tC.Yt, MOAy.TH (j)0|)Ma'I H|:)0li;illl1M MOryT BbI3bIBaTb ero BHe 3aBHCHM0CTH OT toto, 
KHKHM HMeHHO CnOCo6oM 6bIJI OOTjXI li./ICII KOHCTpyKTop. 

KOHCTpyKTop nojiynaeT ccbuncy Ha o6beKT Serializationlnfo, coAcpacamnn bcc 
3HaHeHiiH, Ao6aBJieHHbieHa3Tanecepiia.xii.3ai[,iiii. Oh mo/KC'I' Bbi3biBaTb jno6bie mctoah 
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GetBoolean,GetChar,GetByte,GetSByte, Getlntl 6 , GetUIntl 6 , Getlnt32, GetUInt32, 
Getlnt64, GetUInt64, GetSingle,GetDouble, GetDecimal,GetDateTime, GetString 
h GetValue, iicpc/i,aiiaM hm CTpoKy c HMeHeM, KOTopoe hci io. r f>;joh;i.. iocf> npn ccpiia./m- 
3 au,HH .iiiaacima. Snaacmia, B03BpamaeMbie sthmh mcto/uimh, 3aTeM nminnajiHawpyioT 
nojiH HOBoro o 6 beKTa. 

Ilpn acccpiia. : iii3anini nojieii 06'bCKia Hyamo Bbi3BaTb mcto/i, Get c tcm ace caMbiM 
Ti-moM 3HaAeHiiH, KOTopoe 6buio nepepAHO MeTOAy AddValue b nponecce cepiiajni3aiiiiii. 
/IpyraMH caoBaMH, ecji 11 mctoa GetObjectData iiepe/yui b mctoa AddValue aiia'ieime 
THna Int32, mctoa Getlnt32 aojokch Bbi3biBaTbcn p,Jia .sna'iemiM 3Toro ace THna. Ecjih 
3HaHeHiie b noTOKe BBOAa-BbiBOAa OTjninaeTca ot Toro, KOTopoe bbi nwTaeTecb nojiymiTb, 
MOAyjib 4>opMaTiipoBaHiiH nonbiTaeTCH BOcnojib30BaTbca o6beKTOM IFormatterConvert 
AJifl <<npiiBeaeHiiH>> k HyacHOMy THiiy aiia'iemia b noTOKe BBOAa-BbiBOAa. 

Ilpn KOHCTpyupoBaHiiii o 6 beKTa Serializationlnfo eMy 1 icpcAacTca 06 'beicr rana, 
peajmayioinem miTcpcjxxic IFormatterConverter. TaK KaK 3a icoiiCTpyiipoBaime ot- 
BenaeT MOAyjib (jiopMarapoBaHiiH, oh Bbi6npaeT HyacHbra ran IFormatterConventer. 
MoAyaii BinaryFormatter h SoapFormatter pa3pa6oTKii Microsoft Bcer/ia KOHCTpyiipy- 
10 T 3 K3eMnjiap rana System. Runtime .Serialization. FormatterConverter. Bbi6paTb 
AJifl 3toh n,ejra Apyroii ran IFormatterConverter He yAacTcn. 

Tim FormatterConverter iicnojib 3 yeT CTaTimecKiie mctoah Kaacca System. 
Convert /yin npeo6pa30BamiH 3HaneHiiii Meacay 6a30BbiMii ranaMii, HanpiiMep H3 Int32 
b Int64. Ho npn neo 6 xo;i,iiMOCTH npeo6pa30BaHiiH .vieacay npon3BOJibHbiMH ranaMii 
FormatterConverter Bbi 3 biBaeT mctoa ChangeType KJiacca Convert ajih npiiBeAemiJi 
cepnajiH30BaHHoro (hjih ucxo/uioro) rana k HHTepcjieHcy IConvertible. I Ioejie sto- 
ro BbI3bIBaeTCH IIO/tXO/l,MIUHii IIHTepiJieHCHblH MCTOA. C. IC/ 1 , 0 uaicxi!>lK), eCJIH o 6 beKTbI 
cepnajiH3yeMoro rana Tpc 6 ycTca accepua.iua.oiiaTb nan /ipyroii ran, HyacHO, 'itooijI 
Bbi 6 paHHbiii ran peajni30BbiBaji uiiTcpcjiciic IConvertible. 06paraTe BHiiMamie, tio 
o 6 beKT FormatterConverter iiciio. ib.iycrca TOJibKO npn Acccpiia./m;:saii,ii 11 o 6 beKTOB 
n npn Bbi30Be MCTO,aa Get, ran KOToporo He comiaaacx c ranoM aiia'iemia b noTOKe 
BBoaa-BbiBoaa. 

Bmccto o/umro 113 Miioro'iuc.iemiiax mctoaob Get cncuHajibiibiii KOHCTpyicrop 
MoaceT Bbi3BaTb mctoa GetEnumerator, B03BpamaiomiiH o6beKT System. Runtime. 
Serialization. SerializationlnfoEnumerator, npn noMomu Koraporo MoacHO 
nepe6paTb Bee aiia'iemia BHyTpn o6beKTa Serializationlnfo. Kaacaoe 113 iicpciuc- 
jieHHbix ananciiHH npeacTaBJiaeT co6oii o6beKT System. Runtime. Serialization. 
SerializationEntry. 

Paay.vieeTCM, hiikto iic 3anpemaeT BaM G03AaBaTb co6cTBeHHbie ranbi, npoii3BOAHbie 
ot rana, peajiH3yiomero mctoa GetObjectData KViacca ISerializable, a Taicace cne- 
n,iiajibHbiii KOHCTpyKTop. Ecjih Bain ran peajni3yeT Taicace iiHTepcjieHC ISerializable, 
aah KoppeKTHoii cepiiajiH3an,HH h AecepnajiH3aii,HH o6beKTa Banin peajm3an,iin MeTOAa 
GetObjectData n cnennanbHoro KOHCTpyKTopa /[OJiaciibi Bbi3biBaTb aiiajionrmbie 
(jivma 1 x 111 b 6a30B0M KJiacce. B cjicavioiiicm paoACJic mbi noroBopiiM o tom, icaic npa- 
BiuibHO onpe/i,ejiHTb ran ISerializable, 6a30Bbiii ran KOToporo He peajiH3yeT AaHHbiii 
111 iTCj]-)(j-)C‘iic. 
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Ecjiii Barn npoH3BOflHbin Tim He HMeeT /toiio./imiTC.'ibiii.ix nojieii h, cjie/tOBaTejibHO, 
He i[y>ic/i,acTCM b oco6mx cepHajiH3au,HH h /i,cccpiia. : m3aniiii, peajui30BbiBaTb iiHTepcjieHC 
ISenializable He HyacHO. Mcto/i GetObjectData, KaK h Bee 'uicm.i nHTepc^eiica, hb- 
jiaeTca BiipTyajibHbiM h Bhi3breaeTC5i ;u : ih KoppeKTHoii cepiiajiii3aii,iiii o6beKTa. KpoMe 
Toro, MO/iyjib (jiop.viaTnpoisamia cmnacT cneitHajibHbiii KOHCTpyKTop «BHpTyajiii3Hpo- 
BaHbiM». To ecTb bo upevHi /icccpHajiH.aanHH MO/tyJii> (jiopMaTHpoBaHHa npoBepaeT THn, 
3K3Cmii. ; [m|) KOToporo oh iibnac'ica co3/i,aTb. ITpii OTcyTCTBim y aToro Tima cneunajibHoro 
KOHCTpyKT opa MOflynb ())op,via'mpoBami a HammaeT CKamipoBaTb 6a30Bbie KJiaccbi, noica 
He iraii/ie i KJiacc, b kotopom peajui30BaH HyatHbifi eMy KOHCTpyKTop. 

BHMMAHME 

Koa cneu,naabHoro KOHdpyKTopa obbrno M3BaeKaeT noaa M3 nepeAaHHoro eMy obteKTa 
Serializationlnfo. OflHaKO i/i3BaeHeHne noaeu He rapamnpyeT noaHoi/i AecepnaBH3au,nM 
obteKTa, noaTOMy koa cneunaabHoro KOHCTpyKTopa He AO/i>KeH MOAn<t>nu,npoBaTb obt- 
eKTbi, KOTopbie oh M3BneKaeT. 

Ecan BaiueMy Tuny HyxeH AOCTyn k HJieHaM M3B/ieHeHHoro obteKTa (HanpnMep, Bbi30B 
MeTOAOB), c/ieAyeT CHabAMTb Tun mctoaom c aTpnbyTOM OnDeserialized nan 3acTaBMTb 
pea/in30BbiBaTb MeTOAOnDeserialization nmepcpenca IDeserializationCallback (KaKnoKa- 
3aHO b npMMepe Dictionary). Bbi30B eToro MeTOAa3aAaeT3HaHeHna noaen Bcex obteKTOB. 
Ho nopnAOK Bbi30Ba motoaob OnDeserialized n OnDeserialization abb Habopa obteKTOB 
3apaHee He n3BecTeH. TaK hto, HecMOTpn Ha nHnu,naan3au,nK) noaen, ecBH obteKT, Ha 
KOTopbiM Bbi ccbmaeTecb, CHabxeH mctoaom OnDeserialized nan peann3yeT nmepctenc 
IDeserializationCallback, Heab3n bbiTbyBepeHHbiM b ero noaHon Aecepnaan3aunn. 


Onpefle/ieHMe Tuna, pea/iM3yK>Luero i/iHTepcJ>eiic 
ISerializable, He pea/iu3yeMbm 6a30BbiM KJiaccoM 

KaK yace ynoMiiHajiocb, iiHTepcjieiic ISenializable HBjmeTCH Kpaime MomHbiM imcTpy- 
MeHTOM, no3BOJiaiomHM Timy nojiHOCTbio ynpaBJiHTb ccpMajiM3anMcn h AecepiiajiH3auHeH 
cbohx OKa.e.vin. iMpois. O/piaKO 3a 3Ty Momb npiixoAHTCH n. iai rn i) OTBeTCTBeHHOCTbio 
THna 3a cepiiajiii3aii,iiio eme pi Bcex nojieii 6a30Boro Tima. Ecjih 6a30BbiH Tim peajiH3yeT 
Taioice iiHTepcjieiic ISenializable, HeT HHKaKHX npo6jieM — AOCTaTOHHO Bbi3BaTb mctoa 
G etObjectData 6a30Boro Tima. 

O.anaKO iiHOTAa TpeoycTCs-i onpeAemiTb THn, ynpaBimiomiiii cepiiajiii3aii,HeH, npii 
ycjiOBHH, hto ero 6a30Bbiii Tim He peajni3yeT nirrepcjienc ISenializable. B stom cjiynae 
npoii3BOAHbiii KJiacc AOJiacen BpynHyio cepiiajni30BaTb iio./im 6a30Boro Tima, jx o6aBiiB 
hx .inanenn a b ko./i./k'K'hhio Senializationlnf o. 3aTeM b cneitiiaiibHOM KOHCTpyKTope 
HyacHO 6yycT iiaiue'ib stii snancniia h aa/pri h iio.im 6a30Boro Kaacca. B cjiynae Korya 
nojia 6a30Boro KJiacca noMeaeHbi MO/tHcjiiiKaTopoM public iijih pnotected, sto He- 
cjioacHO, a bot .yia 3aKpbiTbix nojieH aa/pina MoaceT CTaTb /taace BOo6me Hepa3pemiiMOii. 

Cjicytyioinnn koa noKa3biBaeT, KaK npaBiuibHO peanii30BaTb mctoa GetObjectData 
mnepcjiCHca ISenializable n ero KOHCTpyKTop, o6ecne'i msaiomnii cepiiajiH3aii,iiio 
nojieii 6a30Boro Tima: 
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[Serializable] 
internal class Base { 

protected String m_name = "left"; 

public BaseQ { /* Haae/iaeM mn cnoco6HocTbK> co3flaBaTb 3x3eMnnnpbi */ } 

} 

[Serializable] 

internal class Derived : Base, ISerializable { 
private DateTime m_date = DateTime.Now; 

public Derived() { /* Haae/iaeM Tun cnoco6HOCTbio co3flaBaTb 3x3eMnnnpbi */ } 

// Ec/im KOHCTpy ktop He cymecTByeT, BbiflaeTca SerializationException. 

// Ec/im K/iacc He 3aneHaTaH, KOHCTpyKTop AonxeH 6biTb 3ammneHHbiM. 
[SecurityPermissionAttribute( 

SecurityAction.Demand, SerializationFormatter = true)] 
private Derived(SerializationInfo info, StreamingContext context) { 

// no/iyneHMe Ha6opa cepnann3yeMbix H/ieHOB a/ih Hauiero m 6a30Bbix K/iaccoB 
Type baseType = this.GetType().BaseType; 

Memberlnfof] mi = FormatterServices.GetSerializableMembers( 
baseType, context); 

// flecepMa/iM3aL4MH no/ieii 6a30Boro K/iacca m 3 o6bexTa ashhux 
for (Int32 i = 0; i < mi.Length; i++) { 

// noAyneHMe nonn m npMCBoeHMe eMy Aecepnann30BaHHoro 3HaHeHMH 
Fieldlnfo fi = (FieldInfo)mi[i]; 
fi.SetValue(this, info.GetValue( 

baseType.FullName + "+" + fi.Name, fi.FieldType)); 

} 

// flecepMaAM3aqMH 3HaHeHnii, cepManM30BaHHbix Ann btoto xnacca 
m_date = info.GetDateTime("Date"); 

} 

[SecurityPermissionAttribute( 

SecurityAction.Demand, SerializationFormatter = true)] 
public virtual void GetObjectData( 

Serializationlnfo info, StreamingContext context) { 

// CepManM3auMH Hy*Hbix 3HaHeHMii aah stoto xnacca 
info.AddValue("Date", m_date); 

// nonyHeHMe Ha6opa cepnann3yeMbix MneHOB aab Hauiero m 6a30Bbix xnaccoB 
Type baseType = this.GetType().BaseType; 

Memberlnfof] mi = FormatterServices.GetSerializableMembers( 
baseType, context); 

// CepManM3auMn nonen 6a30Boro xnacca b o6bexT ashhux 
for (Int32 i = 0; i < mi.Length; i++) { 

// nonHoe mmh 6a30Boro TMna CTaBMM b npe4>nxc MMeHM nonn 
info.AddValue(baseType.FullName + "+" + mi[i].Name, 

((FieldInfo)mi[i]).GetValue(this)); 

} 

} 

npodojincenue & 
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public override String ToStringQ { 

return String.Format("Name={0}j Date={l}" J m_name, m_date); 

} 

} 

B 3tom fcoac npiicyTCTByeT 6a30Bbifi Kjiacc Base, riOMC'iemibm TOJibKO Hacrpa- 
HBaeMbiM aTpn6yTOM SerializableAttribute. IIpoH3BOAHbiM ot Hero hbahctch 
K jiacc Derived, raioKe imMCiemibm sthm aTpH6yTOM h peajmsyiomuii iimeptjieiic 
ISerializable. CHTyanmo ycyry6jiaeT tot cjiaKT, hto 06a Knacca onpenenHiOT none Tima 
String c hmchcm m_name. IIpii Bbi30Be MeTOAa AddValue Knacca Serializationlnfo 
Hejib3H /i,o6ab. ; mTb aiia'iemiM c o/piiim h tcm ace HMeHeM. 3 to orpaHiraemie o6xoahtgh 
nyTeM npucBoemiH KancAOMy nonio hoboto iimciih c npecjniKCOM H3 hmchh Knacca. K 
npimepy, Korna mctoa GetObjectData Bbi3biBaeT .victor AddValue ajih cepiia./m;saii,iiii 
nojiH m_name Knacca Base, hmh 3HaneHim 3aniicbiBaeTCH b tjiopMe ”Base+m_name". 


KoHTeKCTbi noTOKa BBOfla-BbiBOfla 

KaK yace ynoMimanocb, cep ua./i 11.30 rat p> oobeicr MoacHO icyaa yro/uio: b tot ace caMbiii 
npon,ecc, b Apyroii npon,ecc Ha stoh ace Mamime, b Apyroii npon,ecc Ha Apyroii Mamime 
h t. n. BbmaiOT CHTyan.HH, Korna o6beKT HyacHO 3apaHee yBeAOMHTb, icy/ta oh ovact ne- 
cepiiajHi30BaH, TaK KaK 3to ii. i 11 hot Ha ero cocToaime. Hanpimep, o6beKT, ab. iaioiuuiica 
odonomcoii aah Windows-ceMacjiopa, MoaceT HHHpHHpoBaTb cepiianii3aii,Hio AecKpim- 
Topa HApa npn ycnoBiin, ti o /iccepMTa../i iiaai in a npoii30HAeT b tom ace npoitecce — BCAb 
AecKpimTopbi HApa neHCTBHTenbHbi TonbKO b npenenax o/uiom npou,ecca. IIpii 3tom 
cca 11 /icce|)iia.aii3anii a 6yAeT npoii3BeAeHa b Apyroii npou,ecc Ha stoh ace Mamime, 
o6beKT CMoaceT ccpiia./iii.30baTb cTpoKOBoe hmh ceMacjiopa. Ecah ace BApyr oKaaceTcn, 
hto AecepiiajHi3an,HH oacnAaeTCH Ha Apyryio Mamimy, hohbhtch mckaiohchhc, TaK KaK 
ceMacjiopbi AeiicTBHTenbHbi TonbKO b npeAenax oahoh Mamimbi. 

Pha ynoMHHyTbix b AaHHoii rnaBe mctoaob b KanecTBe napaMCTpa npimiiMaiOT cnpyK- 
Typy StreamingContext. 3to npocTaa crpyKTypa 3HaHtiMoro Tima, HMeiomaH Bcero Asa 
OTKpbiTbix, r 1 iic/L 11 aa 1 iat 1 c 11i11>rx toai.ko aah 'n emia CBoiicTBa (Ta6n. 24.1). 


TaSmiija 24.1 . CBOMCTBa nepeHMC/iemiH StreamingContext 


Mmsi 

H/ieHa 

Tun H/ieHa 

OnucaHMe 

State 

StreamingContextStates 

Ha6op 6htobhx (jinaroB, yKa3HBaiomHx hctohhhk 
hah npneMHHK cepHaAH3yeMBix/AecepHaAH3yeMbix 
AaHHbIX 

Context 

Object 

CcbuiKa Ha o6beKT, co,aep}KamHH Hy^KHbiH nojib30Ba- 
TejIIO KOHTeKCT 
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nojiyHHBiiiHH CTpyKTypy StreamingContext Mera/t MoaceT iiccjieAOBaTb 6HTOBbie 
()). : iarii CBOHCTBa State h onpeaejiHTb hctohhiik hjih npHeMHHK cepiiacinayc.vi p>p x/aecc- 
piia./iii3yc.M bix o6beKTOB. Bo3MoacHbie aiia'icmiM (jc/iarois nepeHHCJieHbi b Ta6ji. 24.2. 


Ta6/iMua 24.2. cp/ian/i nepenMcneHHH StreamingContextStates 


Mmh cpnara 

3HaHeHiie 

<pnara 

OnucaHMe 

CrossProcess 

0 x0001 

Mctohhhkom hjih npneMHHKOM HBJineTcn Apyroii npo- 
ijecc Ha toh >Ke ManiHHe 

CrossMachines 

0 x0002 

Hctohhhk hjih npneMHHK Haxo/iHTCH Ha apyroft ManniHe 

File 

0x0004 

McTOHHHKOM HJIH npneMHHKOM HBJIfleTCH cjiaHJI. npn 

3tom He ctoht npeanojiaraTb, hto a.ecepiiajiii30BaTb naH- 
Hbie 6yneT tot xce caMbiii npoijecc 

Persistence 

0x0008 

HcTOHHHKOM HJIH npneMHHKOM HBJIHeTCH XpaHHJHime — 
TaKoe, KaK 6a3a jiaHHbix hjih cjiaiui. Ilpn stom He ctoht 
npeanojiaraTb, hto aaHHbie 6ynyT necepHajiH30BaTbCH 

TeM *e npopeccoM 

Remoting 

0 x0010 

B3aHMOji,eHCTBHe c hctohhhkom hjih npneMHHKOM ocy- 
mecTBjineTCH nepe3 MexaHH3M yjjajieHHoro jjocTyna. Ohh 
MO ryT HaXOAHTbCH KaK Ha TOH )Ke CaMOH, TaK H Ha ApyrOH 

ManiHHe 

Other 

0 x0020 

McTOHHHK HJIH npHeMHHK HeiI3BeCTHbI 

Clone 

0x0040 

ToHHoe KonupoBaHiie rpacjia oOieKTa. Koa cepiiajiii3a- 
Hhh MoxceT npeanojiaraTB, hto aecepnajiH3aiiHH naHHbix 
6 yaeT BbinojiHHTBCH TeM *e npoijeccoM, a 3HaniiT, 06 - 
pameHiie k aecKpimTopaM h apyniM HeynpaBjiHeMbiM 
pecypcaM 6yaeT 6e3onacHbiM 

CrossAppDomain 

0x0080 

Hctohhhkom hjih npneMHHKOM HBjraeTCH Apyroii jxoMen 
npnjiOyKeHHH 

All 

OxOOFF 

Bo3MO*Ha nepeaana hjih nojiyneHiie cepnajiH30BaHHbix 
aaHHbix H3 jiio6bix ynoMHHyTbix kohtckctob. Hcnojib3y- 
eTCH no yMOJinaHiiio 


Tenepb, Koiypi bbi 3HaeTe, KaK nojiyniiTb HHiJiopMaitHio, noroBopiiM o tom, KaK ee 
3aAam B HHTepc|)eHce IFormatter (peajiii3yeMOM KaK thiiom BinaryFormatter, TaK 
h thiiom SoapFormatter) onpeaejieHO aocTyimoe /via htchiih ii 3anncH cbohctbo THna 
StreamingContext c hmchcm Context. B npon,ecce KoiiCTpynpoiiamiM moavji i> (})0]).\ia- 
TiipoBaHiiH HHHUHajiH3HpyeT cbohctbo Context, npiiCBaiiBaa StreamingContextStates 
ana'iemie All, a ccbuiKe HaAoriojiHHTejibHbiH o6'p>ckt coctohhiih — aiia'ienne null. 
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Ilocjie C037iaiiH>i MOAyjiH (JiopMaTHpoBaHHH moscho co3/i,aTb CTpyKTypy Streaming- 
Context, Hcnojib3yH jiio6bie 6HTOBbie (Juiani StreamingContextStates, c bo3mojk- 
HOCTbio ncpe/ui'iH ccbijiKH Ha o6beKT, co/iepacamHH ;i,oi[o. iiiir[e./ibiiyio KOHTeKCTHyio 
iiH4)opMau,iiio. Ilocjie nero ocTaeTcn npHCBOHTb CBOiicTBy Context HOBbiii o6beKT 
StreamingContext js ,o Bbi30Ba MeTopa Serialize hjih Deserialize. IIoKa3aHHbiH 
paHee MeTOA DeepClone peMOHCTpiipyeT, KaK coo6miiTb MOAyjno cjiopMaTHpoBaHiiH, 
HTO CCjllla./lH3HI[,11 M//ieCC|)Ha./lH3HI[,11H ipaijia o6beKTOB HblllO.IIIHCTCH lICKMIO'lirie.llillO 
C HC.'llilO KJIOHIipOBaHIIH BCeX o6beKTOB. 


Cepna/in3aui/m b Apyrou Tun 

i/i Aecepnaan3aun5i b Apyrou o6teKT 

MiifjipacTpyicrypaccpHajiH.aanHH b .NET Framework ofuia/uiCT /tocTaTO'ino inupoKiiMii 

B03M05KH0CTHMH. B HaCTHOCTH, OHa II03B0.THCT pa.3pa60T'l H KHM C03/l,aiiaTP) Tlfflbl, /[,()- 

nycifaioiune cepiiajiH3aii,ino h pcccp ria ji ri3ai in io b ppyroii THn hjih o6beKT. HecKOJibKO 
npiIMepOB CHTyaiTHH, B KOTOpbIX 3TO MO/ICCT 6bITb IIV'/KIIO: 

□ HeKOTopbie Tiinbi (HanpiiMep, System.DBNull h System. Reflection .Missing) 
/(OiiycKaior cymecTBOBaHiie b /iomciic ii|)ii./io>kciiiih tojibko o/nioro 3K.3e.vm.Tnpa. 
Hx nacTO Ha3biBaiOT 0(ht03JieMenrmn>iMU (singleton). Ecjih y Bac n mcctch ccbijiKa 
Ha DBNull, ee cepuajiuaanua h /icccprrajiiT3aniT>T He iipinse/tci k coa/iamno b aomchc 
HOB oro 06'beicra. BoaiipaiuaeMaa nocjie ,a,ecepHajiH3aii,HH ccbijiKapojiacHa yKa3biBaTb 
Ha yace cymecTByromHii b poMeHe o6neKT DBNull. 

□ HeKOTopbie Tiinbi (Hanpimep, System. Type, System. Reflection .Assembly iippyrne 
CBH3aHHbie c OTpaaceminMii Tiinbi, Tamie KaK Memberlnf o) ponycKaioT cymecTBOBaHiie 
Bcero oji,Horo 3i(.3CMii. ; mpa Ha Tim, c6opKy, njien h t. n. 11pe/tc'iaiime MacciiB ccbuioK 
Ha o6beKTbi Member Info. /],onycTHMa CHTyanim, Korpa naTb ccbuioK yKa3biBaiOT Ha 
o/iHH o6beKT. 3 to cocTOHHiie AOJiacHO coxpaiiMTbCM ii nocjie cepiiajiH3aii,HH h pece- 
pHajiH3an,iiH. Bojiee Toro, sjieivieHTbi aojokhm ccbuiaTbcn Ha o6beKT Memberlnfo, 
cymecTByiomiiii b /iomchc /yin onpe/nviemioro 'tjiena. TaKoii ilopxo/i, nojie3eH Taioicc 
/yin iicicjic/toiiaTCJiiaiom onpoca o6beKTOB iio/yciiO'iemiM k 6a3e paHHbix h jno6bix 
ppyriix THnoB o6beKTOB. 

□ jih o6beKTOB, KOHTpojinpyeMbix ypajieHHO, CLR cepiiajiii3yeT imcjiopManino o cep- 
BepHOM o6beKTe TaKiiM o6pa30M, tio npn pecepiiajiiisanini Ha KjmeHTe CLR coa/yier 
o6beKT, HBJUHomiiHCH npedcmaeumejieM (proxy) cepBepa Ha CTopoHe KJineHTa. Tun 
npe/i,CTaBHTejiH OTjumaeTcn ot THna cepBepHoro o6beKTa, ho /yin KJiiieHTCKoro Kopa 
3Ta CHTyan,iiH iipoapaima. Ecjih KjmeHT Bbi3biBaeT jy/r a ofn>eicra-11pe/tCTami tcji a sk- 
ae.Yiiijmpiibie mcto/UjI, koa npeACTaBiiTejm nepenpaBjiaeT bh30b Ha cepBep, KOTopbiii 
b AencTBiiTejibHOCTH ii o6pa6aTbiBaeT 3anpoc. 

CjicjiyiomiiH npiiMep peMOHCTpupyeT KoppeKTHoe BbinojmeHiie cepiiajiii3aii,HH 
h AecepiiajiH3aii,HH ojmoajieMeHTHoro THna: 
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// Pa3peuieH TOAbKO oamh 3K3eMnnnp Tuna Ha AOMeH 
[Serializable] 

public sealed class Singleton : ISerializable { 

// EflMHCTBeHHblM 3K3eMnAflp 3T0T0 TMna 

private static readonly Singleton theOneObject = new SingletonQ; 

// no/ifl 3K3eMnnfipa 

public String Name = "3eff"; 

public DateTime Date = DateTime.Now; 

// 3aKpblTblki KOHCTpyKTOp fl/lH C03flaHMH OAHOKOMnOHeHTHOro Tuna 
private SingletonQ { } 

// MeTOAj B03BpamaK)mnii CCblAKy Ha OAHOSAeMeHTHblki Tun 

public static Singleton GetSingletonQ { return theOneObject; } 

// MeTOAj BbBbiBaeMbm npM cepnaAH3aL(MM o6beKTa Singleton 

// PeKOMeHAyio m cnonb30BaTb HBHyio peankBaumo MHTepc|)eticHoro MeTOAa. 

[SecurityPermissionAttribute( 

SecurityAction.Demandj SerializationFormatter = true)] 
void ISerializable.GetObjectData( 

Serializationlnfo infOj StreamingContext context) { 
info.SetType(typeof(SingletonSerializationHelper)); 

// flo6aBAHTb Apyme 3HaHeHkin He Hy>KHO 

} 

[Serializable] 

private sealed class SingletonSerializationHelper : IObjectReference { 
// MeTOAj BbBbiBaeMbm nocne AecepnaAM3aunn 3 toto o6beKTa (6e3 noneii) 
public Object GetRealObject(StreamingContext context) { 
return Singleton.GetSingleton(); 

} 

} 

// nPMMEHAHME. CnepHaAbHbm KOHCTpyKTOp HE HY)KEHj 
// nOTOMy HTO OH HHTAe He BbBbIBaeTCH 

} 


Knacc Singleton npeACTaBjiaeT Tin, /via KOToporo b AOMeHe npiuioaceHiiii moacct 
cymecTBOBaTb to.ti.ko o/hiii ;:)K3eMii.TM|). IIoKa3aHHbiH Aaiiee koa, TecTirpyeT npoiieay- 
pbi cepHajiH3aiiHH h ACCcpiia.Tiiaaii,iiii otoeo Tima, ooecne'iiiBaa BbinojmeHiie /uiiiiioko 
ycjiOBiia: 

private static void SingletonSerializationTest() { 

// Co3AaHne MaccHBa c HecKOAbKHMM ccbiAKaMH Ha oahh o6beKT Singleton 
Singleton[] al = { Singleton.GetSingleton()j Singleton.GetSingleton() }; 

Console.WriteLine("Do both elements refer to the same object? " 

+ (al[@] == al[l])); // "True" 

using (var stream = new MemoryStream()) { 

BinaryFormatter formatter = new BinaryFormatter(); 

// Cepnann3aunR w AecepnaAH3auna aneMeHTOB MaccHBa 

npodojiwemie & 
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formatter.Serialize(stream, al); 
stream.Position = 0; 

Singleton[] a2 = (Singleton[])formatter.Deserialize(stream); 

// npoBepaeMj mto Bee pa6oTaeT, KaK hy>kho : 

Console.WriteLine("Do both elements refer to the same object? " 

+ (a2[0] == a2[l])); // "True" 

Console.WriteLine("Do all elements refer to the same object? " 

+ (al[0] == a2[0])); // "True" 

} 

} 

IIonBiTaeMCH noHHTb, hto ace npoiicxo/uiT. /(/in 3arpyaceHHoro b /iomch Tima 
Singleton CLR Bbi3biBaeT c'larn'icciaiii KOHCTpyKTop, coa/iaiomiiii o6beKT Singleton 
h coxpaHHiomiiH ccbijiKy Ha Hero b craTHHecKOM none s_theOneObject. Kaacc Singleton 
He HMeeT OTKpbiTbix KOHCTpyKTopoB, tio He naeT CTopoHHeMy Kojxy co3naBaTb ero 3K- 
3eMnjiHpbi. 

B MeTOne SingletonSerializationTest coa/iac'ioi MacciiB H3 /usyx o.TeMcmoii, 
KaacubiH H3 KOTopbix ccbmaeTCH Ha oobeicr Singleton, /(.th iiHim,iiajni3aii,iiH 3 thx o.tc- 
mchtob Bbi 3 biBaeTCH craTM'lecKmi mcto/i GetSingleton KJiacca Singleton. Oh B03Bpa- 
maeT ccbuncy Ha 0 / 1,1111 oobeicr Singleton. IlepBbiii bm30b .vtCTO/ia WriteLine bmbo/iht 
"T rue", yKaabiiiaa, tio 06 a MCMema MacciiBa ccbuiaiOTCJi Ha 0 / 1 , 1111 o 6 beKT. 

/],ajiee mcto/i SingletonSerializationTest Bbi 3 biBaeT mcto/i Serialize mo- 
nyjia ()) 0 |)MaTnpoiiaiiiiM rjw cepiiajm3aH,iiii MacciiBa h ero 3/ie.viem ofs. Ooiiapyacnii, 
hto Tim Singleton pea/iii3yeT iiHTeptjieiic ISerializable, MO/iy/ib (JiopMaTiipo- 
BaHim Bbi 3 biBaeT mcto/i GetObjectData, KOTopbiii iiepc/iaer b mcto/i SetType Tim 
SingletonSerializationHelper. B pe3y/ibTaTe MO/iy/ib cJiopMaTiipoBamiH cepnajni 3 yeT 
o 6 beKT Singleton b KaaecTBe o 6 beKTa SingletonSerializationHelper. Taic KaK mcto/i 
A ddValue b /lamio.M c/iyiac He libiabiisacTCH, b noTOK mso/ia-bbiiso/ia He aaiiiicbiiiacTCH 
HHKaKoii nonojiHHTejibHoii iiHijiopMaiiiiii. KpoMe toto, MO/iy/ib cjiopMaTiipoBaHiiH, o 6 Ha- 
pyacirn, tio 06 a o/ieMema MacciiBa ccbiaaiOTCJi Ha 0 / 1,111111 tot ace oobcia; cepiiajni3yeT 

TOJIbKO 0/1,1111 113 HIIX. 

Ilocae ccpiiajiH.ianMiT MacciiBa mcto/i SingletonSerializationTest Bbi 3 biBaeT mcto/i 
D eserialize MO/iy/w cjiopMaTiipoBaHiiH. IIpii pa 6 oTe c noTOKOM BBO/ia-BbiBO/ia MO/iy/ib 
4>opMaTiipoBaHiiH nbiTaeTca /iecepiiajni30BaTb o 6 beKT SingletonSerializationHelper, 
KOTopbiii c ero tohkii 3pe 1 1 11 a oi.i.i hm paHee cepiia./m30isai[ (Ha caMOM /ic/ie, iimchho 
noaTOMy Kaacc Singleton He HMeeT cneu,iiaabHoro KOHCTpyKTopa, o 6 biHHO Tpe- 
6 yiomero peajiii3au,iin iiHTepcJieiica ISerializable). CKOHCTpyiipoBaB o 6 beKT 
SingletonSerializationHelper, MO/iy/ib (j/opMaTiipoBaHim o 6 HapyaciiBaeT, hto aaH- 
Hbiii Tim pea/ni3yeT iiHTepcjieiic System. Runtime. Serialization. 10b jectRef erence. 
B FCL 3 tot iiiiTcpcjiciic oiipe/ie/mcTCM c/ic/ivtoiiiiim o6pa30M: 

public interface IObjectReference { 

Object GetRealObject(StreamingContext context); 

} 
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peajIH3yiOmiIX TaKOfl HHTepcjTCHC THnOB MOAyAb (J)OpMaTHpOBaHIIH BbI3bIBaeT 
Mero/i GetRealObject, B03BpamaiomiiH ccbijiKy Ha o6beKT, Ha KOTopwii bm aencTBiiTejib- 
ho xoTHTe cocjiaTbca noc/ie aaisepmemiM Accepiiaoiiaaiiiiii. B mocm npimepe /via Tima 
SingletonSerializationHelper mctoa GetRealObject B03BpamaeT ccbijiKy Ha yace 
cymecTByiomHH b acmchc o6beKT Singleton. Iloc/ie B03BpameHim ynpaBJiCHira mctoaom 
Deserialize MacciiB a2 coAepacHT ABa a/ie.viema, KaacAbiii H3 kotophx ccbuiaeTca Ha 
o6beKT Singleton AOMCHa. BcnoMoraTe/ibHbiii o6beKT SingletonSerializationHelper, 
HCn0JIb30BaBHIHHCH npH /ICCCp 113.11133Ull H, B TiailllblH MOMeHT He/lOCTyiK'll H Oy/ICT 
yHHHToaceH npn caeAyiomeH c6opKe Mycopa. 

Btopoh bm30b MeTOAa WriteLine bmboaht 3HaneHHe "True", noATBepacAan, hto 06a 
3 /ieMeHTa MacciiBa a 2 yKa 3 biBaiOT Ha 0,1,1111 h tot ace o6beKT. Aiia.ioni'iiibiit pe 3 y/ibTaT 
Aacr TpeTHH h iiocvie/uiuii bm30b 3 Toro MeTOAa, TaK KaK Ha oahh h tot ace o6beKT h b 
caMOM ac/ic yKa 3 biBaioT 3 jie.viemT)i o6ohx MacciiBOB. 


CypporaTbi cepna/in3aunn 

JX O 3TOTO MOMeHTa MbI o6cyACAaAH CnOCo6bI H3MeHeHIIH pCa.Tll.3ar 1,11 ll THnOB, 1103110.1 m 10 - 
iu [T c ynpaB/iHTb cepHajiH3aH,HeH h /|CCC|:)iia.Tii.3aniieii hx 3K3eMn/iHpoB. O.inaico cyme- 
CTByeT B03M0acH0CTb nepeonpe/i,ejiHTb noBeACHiie sthx npou,eccoB npn noiviomii KOAa, 
He npiiHa/yieacamero pcajuiaaniiu Tuna. JXjm ncm sto MoaceT 6biTb HyacHO? 

□ Pa3pa6oTHiiK MoaceT cepnaaii30BaTb Timw, /via kotophx B03M0acH0CTb cepnaaii3aiiHii 
He 6bi/ia y itch a npn hcxo/iiiom npoeKTHpoBaHHH. 

□ Bo3MoacHOCTb OTo6paaceHira MeacAy pa3HbiMH BepcnaMii oahoto THna. 

HTofibi 3tot MexaHi-i3M 3apa6oTaA, HyacHO onpeACAHTb «cypporaTHbiH Tim», KOTopbiii 
B03bMeT Ha ce6a pa6oTy no ccpiTajiH.aanHH h /|Ccepiia.Tii3aniin cymecTByiomero THna. 
3aTeM c.TC/iycT 3aperiiCTpnpoBaTb 3K3eMnjiap cypporaTHoro THna, coo6iiihb mo/iv.tio 
cj/opMaTHpoBaHiia, 3a achctbhh Kavoro cymecTByiomero THna oh 6yaeT OTBenaTb. B pe- 
3y/ibraTe npn nonbiTKe cepnajiH30BaTb hjih AecepnajiH30BaTb 3K3CMnaap cymecTByiomero 
Tima MOAyab tj/opMaTHpoBaHiia 6yaeT Bbi3biBaTb MeTOAbi, onpeAeAeHHbie cypporaTHbiM 
o6beKTOM. C.TC/iyioiniiii npimep noKa3biBaeT, KaK bcc sto pa6oTaeT. 

Tim cypporaTa cepHa/iH3ai/HH aoaacch peaAH30BbiBaTb nHTepcj/eiic System. Runtime. 
Serialization. ISerializationSurrogate, onpeACAaeMbiii b FCL caeAyiomiiM 06- 
pa30M: 

public interface ISerializationSurrogate { 

void GetObjectData(Object obj, Serializationlnfo info, 

StreamingContext context); 

Object SetObjectData(Object obj, Serializationlnfo info, 

StreamingContext context, ISurrogateSelector selector); 

} 
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Tenepb noc.viOTpu.vi Ha iipii.vtep iicnojib30BaHiiH 3Toro iimepijieMca. I Ipe/ino/ioacHM, 
nporpaMMa co/iepacHT o6beKTbi DateT ime, 3HaHeHiiH kotophx npiiBH3aHbi k KOMnbiOTepy 
n0JIb30BaTejIH. KaKHM o6pa30M CepHa/IH30BaTb 3TH o6beKTbI B nOTOK BBOAa-BblBOAa, 
yica3aB hx .sna'iemiM, KaK bce.viiipiioe iipe.\iM? Be/i,b TO/ibKO npn TaKOM iio/ixo/ic bbi mo- 
>kctc nepeHanpaBHTb nOTOK Ha Maimmy, paciia io'/KC'imyio Ha apyroM Komie naaHeTbi, 
coxpaHHB KoppeKTHbie 3ila'iei him /urna h BpeMemi. TaK KaK bbi He mo>kctc mciim tii THn 
DateTime, npe/iCTaBjieHHbiH b FCL, ocTacTca onpe/ie/rnTb co6cTBeHHbiii cypporaTHbifi 
Kjiacc, yupaii.iMlomiiii cepHajiH3an,HeH h /iccepiia./ni3aiuieii o6beKTOB DateTime. Bot 

KaK OH BbirjIHAHT: 

internal sealed class UniversalToLocalTimeSerializationSurrogate : 
ISerializationSurrogate { 
public void GetObjectData( 

Object obj, Serializationlnfo info, StreamingContext context) { 

// nepexofl ot noKa/ibHoro k MnpoBOMy BpeiaeHn 

info.AddValue("Date", ((DateTime)obj). TollniversalTime().ToString("u")); 

} 

public Object SetObjectData(Object obj, Serializationlnfo info, 

StreamingContext context, ISurrogateSelector selector) { 

// nepexofl ot MnpoBoro BpeMemn k /lOKanbHOMy 
return DateTime.ParseExact( 

info.GetString("Date"), "u", null) .ToLocalTimeQ; 

} 

} 

3necb mcto/i, GetObjectData pa6oTaeT nonra KaK onHOiiMeHHbiii mcto/i, HHTep4>eiica 
ISerializable. OTjnmaeTCH oh Bcero ohhiim napaMCTpoM: ccmjikoh Ha <<peajibHbiii>> o6b- 
eKT, KOTopbiii Tpe6yeTCH cepnajiii30BaTb. B noKa3aHHOM BapnaHTe Mera/ia GetObj ectData 
naHHbni o6n>CKT npiiBOAHTCH k Tuny DateTime, ero .snaacime npeo6pa3yeTca H3 jioKanb- 
Horo b ym nsepca. ibiioe ape. vim, a noji y'ieiiiiati b HTore CTpoKa (oTfjiop.via'mpoBai i1 la m 
c Hcnojib30BaHiieM yHHBepcajibHoro ma6/iOHa iio.moii /pnbi/ispcMemi) /ipfiaB/iMCTCM 
b KOJUieKLuno Serializationlnfo. 

JXjm /i,ccepiia./i 11.3311,1111 oo'beicra DateTime libi.ii.iisaciCM mcto/i SetObjectData. EMy 
iicpc/tacxcM ccbuiKa Ha oo'beici Serializationlnfo. M cto/i ii.'sioieiateT H3 kojijtckuhh 
CTpoKOBbie naHHbie, pa36npaeT hx KaK CTpoKy b tjiopMaTe yHiiBepca/ibHofi nojmoii 
AaTbi/BpeMeHH h npeo6pa3yeT nojiyHeHHbiii o6beKT DateTime b cjiopMaT jioKaubHoro 
MamiiHHoro BpeMemi. 

IlepBbiH napaMCTp MCTO/ia SetObjectData, o6beKT Object, Bbir/ra/piT HCMHoro CTpaH- 
ho. HenocpencTBCHHO nepen bw30bom MCTO/ia MO/iy/ib cjiopMaTiipoBaHHH Bbme/iJieT MecTO 
(nepe3 CTaTHHecKHH mcto/i, GetUninitializedObject KJiacca FormatterServices) non 
3K3eMnjiap Tima, /pin KOToporo npe/iHasHaHaeTCH cypporaT. Bee nojm stoto 3K3eMnjiapa 
HMeiOT .ma'iemie 0 hjih null, h ,vih o6beKTa He Bbi3biBaeTCH HiiKaKiix KOHCTpyKTopoB. 
Mcto/i, SetObjectData MoaceT npocTO HHHiiHa/iH3HpoBaTb ero nojia, iicnojib3ya .inaHcmiM 
H3 nepenaHHoro MeTO/iy o6beKTa Serializationlnfo, a 3aTeM BepHyTb 3HaneHiie null. 
B Ka'iecmc a. ibTcpiiaTiibbi mcto/i, SetObjectData mo/kct co3/iaTb cobccm /ipyroii o6beKT 
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hjih /p,a>icc Apyrofi o6 - beKTHbifi Tim h BepHyTb ccbi/iKy Ha Hero. B ptom c/iynae mo/iv.i i> 
4>opMaTHpoBaHHH npoiirHopupyeT .aioobie H3MeHemra, KOTopbie motjih npoii30HTii 
c o6beKTOM, iiepe/yiniibiM hm b mcto/p, SetObjectData. 

B MoeM npiiMepeKjiaccUniversalToLocalTimeSerializationSurrogate/],eHCTByeT 
KaK cypporaT /y ih aiia'tHMOi o nma DateTime. H noaTOMy napaMeTp obj ccbijiaeTca Ha 
ynaKOBaHHbifi 3K3eMnjuip Tima DateTime. Mcna i b nojia b 6ojibiHiiHCTBe ;siia'iii.\ii>ix 
TimoB ire. : iP)3M (TaK KaK ohii ii|)e,aiio./iai aio'icM HeH3MeHHbiMii), ipootomy moh mcto/i, 
SetObjectData HniopirpycT napaMeTp obj h B03BpamaeT HOBbifi o6beKT DateTime 
c HyacHbiM 31 pa'f op i ptcm . 

KaK ace npii ccpHamT3aium//icccpiiajm3aii;MH o6beKTa DateTime MO/iy/ib cj/opMaTiipo- 
BaHiiH y3HaeT o hco6xo/i,hmoctii iicnoab30BaHiM Tima ISerializationSurrogate? Cae- 
/lyioiHHH Ko/i TecTHpyeT K/iacc UniversalToLocalTimeSerializationSurrogate: 

private static void SerializationSurrogateDemo() { 
using (var stream = new MemoryStream()) { 

// 1. Co3flaHne wenaeMoro MOfly/ia c()opMaTnpoBaHMH 
IFormatter formatter = new SoapFormatter(); 

// 2. Co3flaHne o6beKTa SurrogateSelector 
SurrogateSelector ss = new SurrogateSelector(); 

// 3. Ce/ieKTop Bbi6npaeT Ham cypporaT Ann o6beKTa DateTime 
ss.AddSurrogate(typeof(DateTime), formatter.Context, 
new UniversaIToLocalTimeSerializationSurrogate()); 

// nPUMEHAHME. AddSurrogate mokho Bbi3biBaTb 6onee oahoto pa3a 
// aah perMCTpapHki HecKOAbKHx cypporaTOB 

// 4. MoAyab ijiopMaTMpoBaHHH ncnoAb3yeT Ham ceaeKTop 
formatter.SurrogateSelector = ss; 

// Co3AaHne o6beKTa DateTime c AOKanbHbiM BpeMeHeM MamriHbi 
// h ero cepnaAH3aLpnH 

DateTime localTimeBeforeSerialize = DateTime.Now; 
formatter.Serialize(stream, localTimeBeforeSerialize); 

// riOTOK BbIBOAHT yHHBepCaAbHOe BpeMfl B BHAe CTpOKM, 

// npoBepan, hto Bee pa6oTaeT 
stream.Position = 0 ; 

Console.WriteLine(new StreamReader(stream).ReadToEnd()); 

// flecepMaAHsauMfi yHMBepcanbHoro BpeMeHH in npeo6pa30BaHne 
// o6beKTa DateTime b AOKanbHoe BpeMa 
stream.Position = 0 ; 

DateTime localTimeAfterDeserialize = 

(DateTime)formatter.Deserialize(stream); 

// npOBepKa KOppeKTHOCTM pa60Tbl 
Console.WriteLine( 

"LocalTimeBeforeSerialize ={0}", localTimeBeforeSerialize); 


npodojiwemie & 



694 QiaBa 24. Cepnani/iaau.na 


Console.WriteLine( 

"LocalTimeAfterDeserialize={0}" ) localTimeAfterDeserialize); 

} 

} 

I Ioc/ie m.iiio. iiiciiHM 'icmcp'roro rnara vio/iy/ii> cjropMaTHpoBaHHH totob k pa6oTe 
c cypporaTHbiMH TiinaMH. ITpn Bbi30Be Mera/ta Serialize run Kaac/toro o6beKTa iiiuctcm 
b Ha6ope, no/mepauiBaeMOM o6be ktom SurrogateSelector. I Ipn oSiiapyacemiii coot- 
BeTCTBim Bbi3biBaeTca MCio/i,GetObjectData KJiacca ISerializationSurrogate, croSbi 
nojiy^HTb ni[())op\iami 10 /i/ih 3anncn b noTOK BBOna-BbiBOna. 

IIpii Bbi30Be MCio/ta Deserialize thii iio/uiOKaiuero /iccepiTa/nraanii n o6beKTa 
TaiOKe iimeTCH b o6beKTe SurrogateSelector, h npn o6HapyaceHHH cootbctctbuh bh- 
3biBaeTca MeTOA SetObjectData KJiacca ISerializationSurrogate, 3aAaiomHH nojin 
Accepua/iriayc.vioio 06'beina. 

06beKT SurrogateSelector ynpaBJiaeT 3aKpbiTOH xem-Ta6jiHLi,eH. IIpn Bbi30- 
Be MeToaa AddSurrogate 3HaneHHH Type h StreamingContext (fropMupyiOT kjiioh, 
a o6beKT ISerializationSurrogate Hcnojib3yeTCH KaK 3HaneHHe. Ecjih kjhoh /yra 
paccMaTpuBaeMoii KOM6HHan,Hii Type/StreamingContext yace cymecTByeT, mctoa 
AddSurrogate rciiepnpycT itck/iiohctiwc ArgumentException. IIpHcyTCTBHe b k.tio'ic 
o6beKTa StreamingContext iiosho. ihct 3aperHCTpiipoBaTb ab a 06'beina cypporaTHoro 
Tuna: 0/1,111r yMeeT cepHaaH30BaTb b cjoaiiji none in DateTime, BTopoii — cepHajiH30BaTb/ 
AecepnajiH30BaTb o6beKT DateTime b apyroii npou,ecc. 

nPMMEHAHME 

B Knacce BinaryFormatter cymecTByeT oinnbKa, M3-3a KOTopoti cypporaT He MOxeT 
cepnaan30BaTb ccbmaiOLuneca APyr Ha APyra obteKTbi. fl/in ee ycTpaHeHnn cneAyeT 
nepeAaTb ccbmKy Ha obteicr ISerializationSurrogate CTainnecKOMy MeTOAy GetSurrog 
ateForCyclicalReference x/iacca FormatterServices. 3 tot mgtoa B03BpaiAaeT obteKT 
ISerializationSurrogate, KOTopbin 3aTeM moxho nepeAaTb MeTOAy AddSurrogate KJiacca 
SurrogateSelector. OAHaKO npn paboie c MeTOAOM GetSurrogateForCyclicalReference 
MeTOA SetObjectData Bainero cypporaTa AO/ixeH MeHsiTb 3HaneHne BHyTpn obbeicra, 
Ha KOTopbm ccbmaeTcn napawieip obj, n b KOHLi,e kohu,ob B03BpaLAaTb Bbi3biBaiOLAeMy 
MeTOAy 3HaneHne null hjim obj. B npn/iaraeMOM k KHnre koas (oh AOCTyneH p,nn 3a- 
rpy3Kn) AeMOHCTpupyeTcn, xax OTpeAaxTnpoBaTb miacc UniversalToLocalTimeSeriali 
zationSurrogate n MeTOA SerializationSurrogateDemo, HTobbi obecnenriTb noAAepxKy 
AHKjinHecKMx ccbmox. 


UenowKa ceneicropoB cypporaTOB 

HecKO/ibKO o6beKTOB SurrogateSelector MoacHO ciaiaaTb b ii,ciicjm icy. K iipii.Ytepy, y Bac 
MoaceT6biTb o6beKT SurrogateSelector c Ha6opoMcypporaTOB cep11a.Ti13a11.1111, iipcp- 
Ha3HaHeHHbix jsjifi ccpiia.Tiiaaiiii it THnoB b npc/i,CTamTTC.TiT c iic. ibio iicpc/ta'iiT no KaHaay 
cbh3h hjih Meac/i,y /tOMCiiaMii npHJioaceHHii. MoaceT cymecTBOBaTb h ci kmut a.ibi 1 bi ii 06b- 
eKT SurrogateSelector cHa6opoMcypporaTOB cc|:)iia.TiT3aii,iTiT, iipcAiiaaiia'ieimi.ix a.th 
iipco6pa30bamT a TiinoB Bepci-iH 1 b Tirabi Bepciiii 2. 
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Troobi MOAyjib f))0|:)MaTH|:)oi!;miiM CMor Hcnojib30BaTb Bee sth o6beKTbi, iix HyacHO coe- 
AHHiiTb b nciioMKy. Tim SurrogateSelector pea./iiiayer iiHTepijjeHC ISurrogateSelector, 
oiipcAe/miomiiii rpn mcto/ia. Bee ohii ciiMoaiibi c coa/iaii hcm hciiohck. Bot oiipc/iejiemic 
HHTepcjieHca ISurrogateSelector: 

public interface ISurrogateSelector { 

void ChainSelector(ISurrogateSelector selector); 

ISurrogateSelector GetNextSelector(); 

ISerializationSurrogate GetSurrogate( 

Type type, StreamingContext context, out ISurrogateSelector selector); 

} 

MeTOA ChainSelector BCTaBJiaeT o6beKT ISurrogateSelector nocjie Toro 06b- 
eKTa ISurrogateSelector, c kotophm bcactcm pa6oia (Ha Hero y ica/sbiiiaci K. iioucuoe 
cjiobo this). MeTOA GetNextSelector B03Bpain,aeT ccbuiKy Ha cneAyromiiH o6beKT 
ISurrogateSelector b hctioukc, iijih ana'ieime null, ec/m iienomca .iaKoirn-i.iacb. 

Mctoa GetSurrogate iimeT napy Type/StreamingContext b o6beKTe ISurrogate¬ 
Selector, HACHTiicJimiiipyeMOM K/noneBbiM cjiobom this. Ecjih napa He o6HapyaaiBaeTCH, 
paccMaTpimaeTCH c/iCAViomiiri o6beKT ISurrogateSelector h t. a. B cjiynae ace o6Ha- 
pyaceHim napbi mctoa GetSurrogate B03BpamaeT o6beKT ISerializationSurrogate, 
BbinojiHHKtmiiH cepHajni3aiiiiio//i,ecepHajiH3aiiHio npocMaTpiiBaeMoro Tima. KpoMe Toro, 
iso.'siipamacTOi co/iepacamuii napy o6beKT ISurrogateSelector; ho iieofixo/iu.viocTu 

B 3TOM o6bIHHO IICT, H ASHHblH pe3yJIbTaT pa60TbI MCTO/pJ UITIO|)lipyCTCH. ECJIH HH 0/1,1111 

H3 o6beKTOB ISurrogateSelector b hciiohkc He HMeeT comia/temia /lym napw Type/ 
StreamingContext, mctoa GetSurrogate B03BpamaeT 3HaneHHe null. 

nPMMEHAHME 

B FCL onpeAeneH HHTepcJrei/ic ISurrogateSelector n peann3yiOLuuu ero Tun Surroga¬ 
teSelector. npn 3tom npaKTnnecKn hukto n HUKorAa He onpeAe/iaeTCoGcTBeHHbixTunoB, 
pea/iM3yioiAMx 3tot uHTepcJreMC. BeAb eAnHCTBeHHon npnnnHoCi ero C03AaHnn MoaceT 
6biTb pa3Be hto noBbimeHHan rnSxocTb npu OToGpaaceHnn MeacAy Ti/inaMia — Hanpwviep, 
ec/in B03HHKaeT HeoGxoAHMOCTb cepna/in30BaTb Bee Tnnbi, HacneAyiOLune ot onpeAe- 
aeHHoro 6a30Boro xnacca onpeAe/ieHHbiM o6pa30M. ITpeBOCxoAHbiM o6pa3nuxoM Taxoro 
K/iacca siBJineTcn System.Runtime.Remoting.Messaging.RemotingSurrogateSelector. 
Cepnaim3yn oGtexTbi Ann yAaneHHOM nepeAann, CLR 4>opMaTnpyeT nx mbtoaom 
R emotingSurrogateSelector. Stot cypporaTHbin cenexrap cepnann3yeT Bee npon3BOAHbie 
ot System.MarshalByRefObjecto6bexTbiTaxnM o6pa30M, hto Aecepnann3ai4un npnBOAnT 
x co3AaHnio oGbexTOB-npeACTaBUTenefi Ha CTopoHe xnneHta. 


nepeonpefle/iei-me c6opKi/i i/i/i/mi/i Tuna 
npn Aecepi/ia/ii/i3auim/i oSteKTa 


B npoiiecce cepiia./maamiii o6beKTa MonyjiH (})op\ia'nipobaim:-i bwboaht b noTOK no./moe 
ms Tima h nojrnoe mui oiipc/pomiomeii stot Tim c6opKii. J Ipn necep iia/maanini 3Ta 
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PI11 (J) O p M a n If >T IIO.3liO.iaCT HM TO'IIIO y3HaTb Tim KOlfCTpyiipyCMOI'O H IIHIIIl,IiajIII3Iipye- 
Moro o6 - beKTa. IIpii o6cyacfleHnn iiHTepcjjefica ISerializationSurrogate a nponeMOH- 
CTpupoBaji Mexami3M, iio.'iiio. iMioiunii npoi-i3BO/i,HTb cepHajiii3au,HK) h ucccpnajiIT3aIpT 10 
onpe/iejieHHoro Tima. Tim, peajiH3yiomim iiHTepcjieHC ISerializationSurrogate, 
npiiBH3aH k onpe/i,ejieHHOMy rany b onpeAejieHHoii c6opKe. 

OflHaKO 6bmaiOT ciiTyanHii, Korna yKa3aHHbiii Mexami3M oica3biBaeTca HenocTaTOHHO 
ru6)KHM. Bot cHTyapiiii, b kotophx mo>icct oKaaaTPiCM iio./ie.3i[P)iM /icccpiiajm.ian put o6b- 
eKTa b npyrofi Tim: 

□ IlepeMemeHiie pcajiwaaunH Tima H3 o/iiioii c6opKii b npyryio. Hanpmviep, HOMep 
Bepciiii c6opKii .vteiiacTca, ii HOBaa c6opKa ipaaiiiiacT OTjmaaTbca ot hcxouhoh. 

□ 06beKT c cepBepa cepnajiii3yeTca b iiotok, OTnpaBJiaeMbifi Ha CTopoHy KJiiieHTa. IIpii 
o6pa6oTKe noTOKa KJiiieHT MoaceT ,a;ecepHajra30BaTb o6beKT b coBepmeHHO npyroft 
Tim, koa KOToporo «3HaeT», KaK yuajieHHbiM mctoaom oOpaTHTbca k o6beKTaM Ha 
cepBepe. 

□ Paapaoo'P'iii k coa/taci HOByio Bepcmo Tima h iimciiiio b Hee TpeSyeTca /i,cccpiia.Tii- 
30BaTb Bee paHee cepiiajiii30BaHHbie o6beKTbi. 

/],ecepiiajm3au,iiH o6beKTOB b npyroft iiiii aerico m.iiio. iiiac'ioi npii noMomu Knacca 
System.Runtime.Serialization.SerializationBinder. /], 0 CTaT 0 HH 0 onpeneirnTb 
ran, npoii3BO/i,HbiH ot a6cTpaKTHoro THna SerializationBinder. B noica3aHHOM/puice 
ko/ic p ipe/u[O. iai'acTCj-i, mto isepciia 1.0.0.0 c6opicii onpeneiiaeT KJiacc c iimchcm Verl. 
H 3Ta HOBaa Bepcna onpe^ejiaeT KJiacc VerlToVer2SerializationBinder h KJiacc 
c HMeHeM Ver2: 

internal sealed class VerlToVer2SerializationBinder : SerializationBinder { 
public override Type BindToType(String assemblyName, String typeName) { 

// flecepnann3aLpnfl o6beKTa Verl n3 Bepcnn 1.0.0.0 b o6beKT Ver2 

// Bbianc/ieHine nineHn c6opi<n, onpeflenniomen Tnn Verl 

AssemblyName assemVerl = Assembly.GetExecutingAssemblyQ .GetNameQ; 

assemVerl.Version = new Version(l, 0, 0, 0); 

// npn flecepnann3aiinn o6beKTa Verl Bepcnn vl.0.0.0 npeBpaupaeM ero b Ver2 
if (assemblyName == assemVerl.ToString() && typeName == "Verl") 
return typeof(Ver2); 

// B npoTnBHOM cnysae B03BpamaeM 3anpoweHHbin Tnn 

return Type.GetType(String.Format("{0}, {1}", typeName, assemblyName)); 

} 

} 

Ilocjie C03naHiia Monyaa (JiopMaTiipoBaHiia HyacHO co3,a,aTb 3K3eMnaap Verl- 
ToVer2SerializationBinder h npiiCBOiiTb OTKpbiTOMy naa HTcrnia h 3anncn CBOiicTBy 
Binder ccbuiKy Ha o6beicr npiiBa3Kii. Ilocjie stoto mojkho Bbi3biBaTb MeTon Deserialize. 
B npoiiecce necepiiajiiiaaiiiiii Monyjib cjiopMaTiipoBamia o6Hapy»CHT npiiBH3Ky h /via 
Kaacnoro o6pa6aTbmaeMoro oObeKTa Bbi30BeT Meto/p, BindToType, nepenaBaa eMy hmh 
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c6opKn ii Tim, KOTopwe Tpe6yeTca Aecepnajiii30BaTb. HaaToii CTa/pra Mero/i BindToType 
pernaeT, k;ikoh thii cnenyeT CKOHCTpyupoBaTb, h B03BpamaeT otot the:. 

nPMMEHAHME 

K/iacc SerializationBinder no3BO/iaei TaKxe b npopecce cepna/iM3aunn MeHHTb i/iHcfiop- 
Maprno o c6opKe/Tnne nyTervi nepeonpeAe/ieHkm MeTOAa BindToName. flaHHbiPi MeTOA 
BbimaAHT caeAyroiAMM o6pa30M: 

public virtual void BindToName(Type serializedType, 
out string assemblyName, out string typeName) 

Bo BpeMH cepnajnM3au,Mn MOAynb cJjopMaTupoBaHna Bbi3biBaeT AaHHbiti MeTOA, nepe- 
AaBaa Tun, KOTopbiti oh coSnpaeicn cepna/in30Baib. noc/ie 3Toro bw MoxeTe nepeAaTb 
(npi/i noMOLu,n Aayx napaivieipoB out) cSopKy ia Tun, KOTopbie xoTMTe cepna/iM30BaTb Bbi. 
Ec/im xe b napaivieipax nepeAaiOTca null n null (nMeHHO 3to npoticxoAHT b 3aAaHHOti no 
yMO/inaHMio pea/iM3au,un), Tnn n c6opi<a octaiOTCB 6e3 M3MeHeHnti. 


jiaea 25. B3anMOAeMCTBi/ie 
c KOMnoHeHTaMM WinRT 


B Windows 8 nonBHjiacb HOBan 6ii6. : moTCica KJiaccoB, npn homo mu KOTopoii npruioace- 
HIIH MOryT HCn0JIb30BaTb (|)VI[K'HI10liajll)l[0CTb Onepan,HOHHOH CHCTeMbl. 3Ta 6 h6jiho- 
TeKa KJiaccoB oc|)imiia.ibiio iiaabmacTOi Windows Runtime (WinRT), a /u : m pa6oTbi c ee 
KOMnoHeHTaMM 11p hmci f ‘ac'vc'a cucTeMa TimoB WinRT. MHorne aa/taHH, /urn pc me mia 
KOTopbix co.3/iaisa;iacb WinRT, comiaaaio'i' c aaAamiM h oomcaabiKoiioii cpeAbi CLR b ee 
hcxoahom BonjiomeHiin — HanpiiMep, ynpomeime pa3pa6oTKH npiuioaceHiiii h npo- 
CToe B3anMO,a,eHCTBHe c koaom, HanncamibiM Ha apymx aabmax nporpaMMupoBaraiH. 
KoMiiamm Microsoft odecneuiiBaeT noAAepacKy iiciio.ibaobamm komikhk'htoh WinRT 
b HeynpaBJiacMOM koac C/C++, b JavaScript (/urn BiipTyajibHoii ManiHHbi JavaScript 
«Chakra» ot Microsoft), a ramice b C# h Visual Basic. 

Ha puc. 25.1 npe/i,CTaBjieHbi pa3jmnHbie bo3moachocth, npe/tocTaBjiaeMbie KOMno- 
HeHTaMH WinRT, h paa./i mimic msbiKii, noAAepauiBaeMbie Microsoft /lym padoTbi c hiimii. 
Koa npiuioaceHiiii, HamicaHHbix Ha HeynpaBJiaeMOM C/C++, AoaaceH KOMmunipoBaTbca 
/yia KaacAoii KOHKpeTHoii apxnTeKTypbi npopeccopa (x86, x64 h ARM). PaapaooTH hkam 
Microsoft .NET Framework /[.ocxaTO'iiio OTKOMmiAiipoBaTb CBoii koa b IL-koa, mroobi 
noTOM cpc,aa CLR npeo6pa30Bajia ero b MamiiHHbiii koa aah KOHKpeTHoro npopeccopa. 
Pa3pa6oTHHKii JavaScript BKJiiouaiOT iicxo/iimni koab CBoe ii|)h.;io>kciihc, a mipTya./ibiiaa 
Mamima <<Chakra» pa36npaeT ero h npeo6pa3yeT b MamiiHHbiii koa KOHKpeTHoro npo- 
i icccopa. /Ipyrne KOMnaHim Toace MoryT BbinycKaTb aabiKn h cpeAbi, noAAepaaiBaiomne 
B3anMOAeiicTBiie c KOMnoHeHTaMM WinRT. 

1 Ipiuioacemin Windows Store h HacTOJibHbie npiuioaceHiia MoryT ucno. ib.aoBaih 
KOMnoHCHTbi WinRT aah oopamemm k cjiymamomi.ibimcTn onepauHOHHoii cucTeMbi. 
IloKa Ka/nmecmo KOMnoHeHTOB WinRT, nocTaicmcMbix KaK cocTamiaa nacm Windows, 
OTHOCHTeabHO HeBeAHKO no cpaBHemuo c pa3MepoM dudaHOTeKii KaaccoB .NET 
Framework. BupoacM, oto mio. inc ecTecTBeHHO, iiotomv tio KOMnoHeHTbi opiieHTiipo- 
BaHbi Ha pemeHHe Tex eayam c kotopmmh onepannoiman CHCTeMa cnpaBAaeTCH Aymne 
Bcero: iipcAOCTaimemm paapa/oT'tnica.M adcTpaKTHorc npe/i,C'i'aH. : icmia odopyAOBamin 
h cpeACTB B3ariMOAeiicTBHH MeacAy npHAoaceHHHMH. TaKiiM o6pa30M, dojibiniiHCTBO 
KOMnoHeHTOB WinRT iipcAOCTais./mcT TaKiie (Jivhkuhh, KaK xpaHemie HiicjiopMauHH, 
ceTeBbie onepauiiii, rpacjniKa, MyrnmiiMCAHa, 6e3onacHOCTb, MHoronoTOUHOCTb h t. a. 
/Ipyrne 6a30Bbie cpeACTBa (HanpriMep, onepan,nn co CTpoKaMn) h 6o./icc CAoacHbie noA- 
cucTeMbi (HanpiiMep, noAAepacKa LiNQ) oneparuiOHHoii cucTeMoii He noAAepaciiBaiOTCH, 
a npeAOCTaBAHiOTCH h3hkom, ncnojib3yeMbiM aah padoTbi c KOMnoHeHTaMM WinRT 
onepan,iiOHHOH cucTeMbi. 
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Pmc. 25.1. OyHKAMOHa/ibHOCTb KOMnoHeHTOB WinRT i/i pa3anHHbie R3biKn, 
noAAepxnBaeMbie Microsoft abb pa 6 oTbi c hmmm 


Bo BHyTpeHHeH peajiH3au;HH KOMnoHeHTbi WinRT npcnciaii./iM iot co6oii KOMno- 
HCHTbi COM (Component Object Model) — TexHOJionm, iipeyu'Taioieimoii KOMnaHneii 
Microsoft b 1993 m/i,y. COM iimcct penyTan,Hio H3jmmHe cnoacHofi moacji n c miio>kc- 
ctbom 3anyTaHHbix npaBHji h Kpaiiirc rpo\io3/i,Koii .vto/i,c.ii>k) nporpaMMiipoBaHnn. TeM 
He mci ice b moacjiii COM 6bmo 3a./io>K'ei[0 iic.via/io npaBiuibHbix n/i,cii, h 3a npoineAmiie 
ro/lbi pa3pa6oTnHKH Microsoft npHjioacHjm ::ui?r'irri e. i i>i i i>ic ycn./iiiM no ee ynpomeHino. 
J\jir KOMnoHeHTOB WinRT komieihhh Microsoft ime. : ia o'icin> .siia'iirie.ibiioc H3MeHeHiie: 
BMecTO bubmiOTeK TirnoB ajih oi mean i ni API KOMnoHeHTOB COM Tenepb nci lo./iiibiy lo rcei 
Mcra/iai 111 bie. /fa, APO KOMnoHeHTOB WinRT oimeiiiisae rcM b cjropMaTe .YieTa/i,aimbix .NET 
(ECMA-335), KOTopbifi 6bui CTaHAapTH3HpoBaH komhtctom ECMA — h b tom caMOM 
cfiopMaTe MCi a/iamibix, KOTopbifi paccMaTpiiBajicn b oto ii KHiire. 

iVleTa/uinnijieob./ia/unoranaMme./ibiio6o. ibiim.vm bo3mo5khocthmh, tcm ono./moTCim 
TiinoB, a hx no. inoneimaa no/mepacKa n.iiia'ia.abiio 3a. : io>Kena b CLR. KpoMe Toro, CLR 
iio/mepatHisaer isaaiiMoaeiicmne c KOMnoHeHTaMii COM 'tepee obepTim RCW (Runtime 
Callable Wrappers) h CCW (COM Callable Wrappers). B odmeM h i ic.tom 3to no3BO- 
.laeT H3biKaM (TaKHM, KaK C#), paboTaiomii.vi Ha 6a3e CLR, Jienco ii.3an.\io;i,eiic'i iioiiaTb 
c THnaMH h KOMnoHeHTaMii WinRT. 

B C# ccbuiica Ha obneKT WinRT b aciic i iuri e. iiiiioc i n npeACTaBJiaeT co6oii ccbuiKy 
Ha obepxKy RCW, KOTopan coAepaaiT BHyTpeHHioio ccbuiKy Ha obneKT WinRT. Ana- 
.loriimibi.vi o6pa30M npn nepeAaue obbeicra CLR WinRT API bm b Acik'TimTe.'ibimcTn 
nepe^aeTe ccbuiKy Ha ooepi Ky CCW, a CCW coAepacHT ccbuiKy Ha obneKT CLR. 

Meia/iamibie KOMnoHeHTOB WinRT xpaHHTcn b (jiaiiaax c pacmupeHiieM .winmd. 
y KOMnoHeHTOB WinRT, iixo/unnnx b nocTaBKy Windows, MCTa/i,aimbie xpaHHTca b (jiaii- 
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jiaxWindows.*.winmd, Haxo/mmnxcH b KaTajiore %WinDir%\System32\WinMetadata. ITpn 
nocTpoeHiiii npiijioaceHiiH Hcnojib3yeTCH ccwjiKa Ha cjie,a,yiomiiH cjiaiiji Windows.winmd, 
ycTaiiaii.'miiacMbra Windows SDK: 

%ProgramFiles(x86)%\Windows Kits\8.0\References\CommonConiguration\Neutral\Windows. 
winmd 

CncTeMa TimoB Windows Runtime co3/i,aBajiacb, npeac/i,e Bcero, /ura Toro, nTodbi 
pa3pa6oTmiKii Mormi ycnemHO nucaTb npiuioacemm c npiiMeHemieM bccx 3HaKOMbix iim 
TexHononiii, HHCTpyMeHTOB, up homo b h coiviameimft. /[ym aToro HeKOTopbie 4)viiiainn 
WinRT npoen,iipoBajiiicb Ha cooTiseTCTi:yiomiie TexHOJionni pa3pa6oTKH. /lym pa3pa- 
6 othhkob .NET Framework cymecTByeT ana i:n/i,a npocKUHft: 

□ IIpoeKUHH ypoBHH CLR HenBHO pearinayiOTcn cpc/mii CLR (h KaK npaBiuio, b ot- 
HomeHim i iht epnpeTaitnn MCTa/i,aimbix). C. : ie;i,yiomiiii pa.3/i,e. : i iiocmiiuen ii|)ai:ii./ia.vi 
CHCTeMbi THnoB K'o.vi 11 oiicmoB WinRT h TOMy, KaK CLR npoeuiipyeT sth npaBHjia 
Ha napaAHrMy pa3pa6oTKH .NET Framework. 

□ IIpoeKU,HH ypoBHH .NET Framework pea.miayiOTca hbho b BameM ko/ic nocpe/i- 
ctbom Hcnojib 30 BaHiiH HOBbix API, BBe,n,eHHbix b FCL. npoeKiuin ypoBHH .NET 
Framework Heodxo/piMbi b Tex CHTyauirax, Kor/ia paccorjiacoBamie MeK/ty cucTeMoii 
THnoB WinRT h chctcmoh mnoB CLR c raiiomrica cjihhikom .siiamncxibiibi.M jyw 
HenBHoro pa 3 pemeHim cpe;i,CTi:aMii CLR. I Ipoeicunn ypomia .NET Framework pac- 
CMaTpriBaiOTCH Aajiee b .910ii rjiaBe. 


npoeKunn ypoBHq CLR m npaen/ia CHCTeMbi 
TunoB KOMnoHeHTOB WinRT 

Komi 101 iciiTbi WinRT o6pa3yiOT cucTeMy TimoB, cxo/uiyio c cucTeMoii TimoB CLR. Kor/ia 
cpe/ta CLR licipe'iaci thii WinRT, OHa oobi'ino pa3pemaeT nciio. ; ib3»oiiaiine 9Toro THna 
c Hcnojib 30 BaHiieM 06 i>i' 111bix TexHononiii is;:saiiMO/i,eiicTmia CLR. O/maico b nci(0'io|)bix 
cjiynanx CLR CKpbmaeT Tim WinRT h iipenocTais.iMCT ^ocTyn k HeMy 'iepe.3 Apyroft Tim. 
Bo BHyTpeHHeii pea. : m.3an,iiii CLR iimeT neianopi.ic Timm (npii noMomii .viCTauainibix), 
a 3aTeM OTodpaacaeT hx Ha Timbi FCL. Ilojmbift cmicoK THnoB WinRT, KOTopbie CLR 
HeuBHO npoeniipyeT Ha THnbi FCL, aocTyneH no aapecy http://msdn.microsoft.com/ 
en - us/library/windows/apps/hh995050.aspx. 

OcHOBHbie KOHuenumi cncTeMbi Tunoe WinRT 

t’HCTC.via TimoB WinRT no ()iy 1 ricr 1,1101 la. iinmcr ii ycTynaeT chctcmc THnoB CLR. Hmice 
iicpcancaciibi ocHOBHbie icoimeiiunii niciCMbi TimoB WinRT h cnoco 6 w hx npoeKuiui CLR. 

HMeHa (JiattjiOB h npocTpaHCTBa hmch. Hmh caMoro (jiaiijia .winmd aojischo co- 
mia/iynb c HMeHeM npocTpaHCTBa invieH, conep'/Kamem KOMnoHeHTbi WinRT. Hanpii- 
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Mep, 4)afui c HMeHeM Wintellect.WindowsStore.winmd nonaceH coAepacaTb KOMnoHeHTbi 
WinRT, onpe/i,ejieHHbie b npocrpaHCTBe HMeH Wintellect.WindowsStore hjih b oahom 
H3 ero no/i,npocTpaHCTB. IIocKOJibKy (jiaiiAOisaa CHCTC.via Windows He ymi biiiacr pe- 
mcTp chmboaob, npocTpaHCTBa HMeH, pa3.;iii>iaioimieca toai.ko perncTpoM chmboaob, 
HeaonycTHMbi. KpoMe Toro, hmh KOMnoHeHTa WinRT He mo>kct coBnaAaTb c HMeHeM 
npocTpaHCTBa HMeH. 

()6ihhh 6a30Bbift ran. KoMnoHeHTbi WinRT He HMeiOT 06 me 10 6a30Boro KJiacca. 
Koraa CLR npoenupyeT ran WinRT, bcc imin/mAur TaK, cjiobho THn WinRT misamctcm 
npoH3BO/i,HbiM ot System. Object; cooTBeTCTBeHHO bcc ranbi WinRT iiacACAVior takhc 
orapbiTbieMeTO/ibi, KaK ToStning, GetHashCode, Equals h GetType. npn HcnoAb30BaHini 
odbeKTa WinRT b C# odneKT KaaceTcn iipommo/pmiM ot System.Object, a odneKTbi 
WinRT MoryT nepenaBaTbCH b koac. Taoce a 03 m omen bh30b «yHacneAOBaHHbix» Me- 
toaob — TaKHX, KaK ToStning. 

OcHOBHbie ranbi AaHHbix. CiicrcMa ranoB WinRT no/mcp'/KimacT ocHOBHbie 111111.1 
AaHHbix: jiornnecKHH, daiiiom.iii 6e3 3HaKa, 16-, 32 n 64-pa3pnAHbie nenbie aiicjia co 
3HaKOM h 6e3, BemecTBeHHbie micjia o/umapiioii n abohhoh tohhocth, 16-pa3|)a, : i,iibic 
CHMBOJiw, CTpoKii h void 1 . Bee ocTajibHbie THnbi ,'iamibix, KaK n b CLR, odpaa.yiOTCH H3 
3THX OCHOBHbIX THnOB AaHHbIX. 

Kjiaccw. CucTeMa runois WinRT aii. iac rcM oObcicriiomipiieiiTiipoiiaimoii; 3 to 03Ha- 
'laer, tio KoMnoHeHTbi WinRT noAAepaciiBaiOT adcTpaKnmo AaHHbix, i[ac. : ic;i,Obai[iie n 
nojniMop(j)H3M 2 . O/piaiai ncKcnopi.ic aai.mii (HanpHMep, JavaScript) He noAAepaciiBaioT 
iiacjiCAObaime ranoB, n b HHTepecax 3 thx h3mkob KoMnoHeHTbi WinRT nonra He hc- 
110.1 bay iot iiacjicAObaime, a sto 3HauHT, tio ohh Taioice He uciio.h>3viot iio.;iii.\io|:k))ii3m. 
Ilo cyra HacjieAOBaHiie n nojniMopcj)H3M 3a/i,ei ; i<:"['b()ba iibi TOJibKO tcm h KOMnoHeHTaMH 
WinRT, r 1 |)C,ai la.siia>ici 111 bix ,ym /tpyrax H3MKOB, noMHMO JavaScript. H 3 KOMnoHeHTOB 
WinRT, BKAJoneHHbix b nocTaBKy Windows, nacACAOBamie n iio./iiimo|)())ii3m iiciio.ibay- 
IOTCH TOAbKO KOMnOHCHTaMII XAML (AAH nOCTpOCHIIH n0Ab30BaTeAbCKIIX I-IHTep(j)eHCOB). 
npruioaceHiiH, HanucaHHbie Ha JavaScript, CTponT cboh r 1 o. r r>;j()naa ear f>c k n i t inrrepcjieiic 
cpeACTBaMH HTML n CSS. 

CTpyKTypbi. WinRT noAAepatHBaeT CTpyKTypbi (.'iiia'iiiMbie ranbi), .3K3c.vm. ; ia|)i,i 
KOTopwx npoABiiraiOTCH no 3HaneHHio nepe3 rpaHiinbi B3an m o ac it ct b h ii (interoperability 
boundary) COM. B otah'iiic ot 3HanHMbix riiiiois CLR, CTpyKTypbi WinRT MoryT 
COAepACaTb TOAI.KO OTKpbITbie 110.1 M, KOTOpi.lC OTHOCHTCH K OCHOBHbIM THnaM AaHHbIX 
(hah hbajhotch ApyrHMH CTpyKTypaMH WinRT) 3 . KpoMe toto, CTpyKTypbi WinRT He 
MoryT onpeaeAHTb KOHCTpyKTopm hah BcnoMoraTeAbHbie mctoai.i. /Jah yAodcnsa CLR 
npoenupyeT HeKOTopbie CTpyKTypbi onepanriOHHOH chctcmw WinRT Ha coocTiseimbic 
ranbi CLR, KOTopme MoryT coAepacara KOHCTpyKTopm n BcnoMoraTeAbHbie mctoah. 


1 BaiiTOBbiii Tim co 3 HaKOM b WinRT He noAAepxaiBaeTCH. 

2 AbcTpaKijHH AaHHbix odbiiHO noAAep*HBaeTCH npHHyAHTeAbHO, nocKOABKy KAaccbi WinRT 
He MoryT hmctb otkphtbix noAeii. 

3 nepeniicAeHHH Toace AonycTHMH, nocKOABKy ohh cjiaKTHnecKH hbahiotch 32-pa3paAHbiMH 
HHCAaMH. 
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TaKiiecnpoeunpoBaHHbieranbi m.ir.iH/i.MT6o./icc cctcctisciiiio AnnpaapaooT'niKoii CLR. 
B Ka^ecTBe npimepoB moacho npimecra CTpyKTypbi Point, Rect, Size h TimeSpan, 
onpe/i,ejieHHbie b npocTpaHCTBe hmch Windows. Foundation. 

Null-coBMecTHMbie CTpyKTypbi. B paivocax WinRT API Taioice MoryT onpeAemiTbCJi 
null-coBMecTHMbie CTpyKTypbi (aiiaaii.vibie ranbi). CLR npoeniipyeT HHTepiJieHC WinRT 
Windows.Foundation.IReference<T> KaK ran CLR System.Nullable<T>. 

IlepenHCJieHHfl. 3HaneHTin nepenncjiHMbix TiinoB nepe/iaiOTcn npocTO b BiiAe 
.32-pa.3pa, : uior<) ne.ioi o micna co 3HaKOM hah 6e3. Ecjih bh oiipe/iejiacre nepenncjiH- 
eMbiii Tim b C#, oh ;io. : i>kcii 6a3iipoBaTbcn Ha Time int hah uint. KpoMe toto, 32-pa3- 
ps-i/uime 6e3 3HaKa iiirrepnpc'riipyiOTOi KaK (jaiara, KOTopbie MoryT o6'bC, : iniuri bCM 
onepaiineii HJIH. 

HHTepiJiettcbi. B ranax napaMeTpoB h B03Bpain,aeMbix 3HaneHim iiHTepcjieHCOB 
WinRT MoryT Hcnonb30BaTbCH TOJibKO WinRT-coBMecraMbie ranbi. 

Mcio/ibi. B WinRT peajma.oisana orpamineHHaH neperpy3Ka mctoaob. A u.viemio, 
nocKOJibKy h3hk JavaScript iicnonb3yeT /uiiia.vHiuecKvio ranii3an,iiio, oh He yMeeT pa3- 
,;iu>iaTb MC'io/ua, paa./m'iaioiuiiccH TOJibKO no ranaM napaMeTpoB. Hanpimep, JavaScript 
npecnoKormo nepenacT hhcao Mera/iy, oacn/iaioin,eMy nojiymiTb CTpoKy. O/inaKO 
JavaScript otaiihht mctoa c oa 11 n m napaMeTpoM ot MeTOAa c a ay mm napaMeTpaMii. 
KpoMe Toro, WinRT He noAAepnciiBaeT mctoah neperpy3Kii onepaTopoB h .siianemia 
apryMeHTOB no yMOJinamiio. 

CBottcTBa. B Ka'iccTbc rana /numbix cbohctb WinRT MoryT aa/uibaTbca TOJibKO 
WinRT-coBMecraMbie ranbi. WinRT He noAAepnciiBaeT napaMeTpri30BaHHbie CBoiicTBa 
h CBoiicTBa, AOCTynHbie TOJibKO /yin 3anncn. 

/Jenerarhi. B ranax napaMeTpoB h B03BpamaeMbix aiia'ieiinii ACjierarois WinRT 
MoryT iiciio. ib.ioiia rbCH TOJibKO WinRT-coBMecraMbie ranbi. I Ipn ncpe/yi'ie AeneraTa 
KOMnoHeHTy WinRT o6'i>eia AeneraTa ynaKoisbiisacTca b CCW h He ynirno/Kaerca 
y6opmriKOM Mycopa ao Tex nop, noKa o6epTKa CCW He 6yAeT ocBo6oncAeHa ncnonb- 
3yiomHM ee KOMnoHeHTOM WinRT. /JcneraTbi WinRT He hmciot mctoaob Beginlnvoke 
hE ndlnvoke. 

CoSbiTHB. KoMnoHeHTbi WinRT MoryT onpeAennTb co6mthh, ncim./ii).3ya ranbi 
AC.icraTOb WinRT. TaK KaK MHonie KOMiionem i>i WinRT 3anenaTaHbi (ne AonycKaioT 
HacAeAOBamie), b WinRT onpeAenneTCH AeneraT TypedEventFlandlen, y KOToporo na- 
paMeTp sender othochtch k o6o6meHHOMy rany (bmccto System.Object). 

public delegate void TypedEventHandlercTSender, TResult>(TSender sender, 

TResult args); 

TaKAce cymecTByeT Tim AeneraTa Windows . Foundation. EventFlandler<T>, ko- 
Topbiii CLR npoeu,iipyeT Ha 3HaKOMbiii Tim AeneraTa .NET Framework System. 
EventFlandler<T>. 

HcKjnoHeHHH. Bo BHyTpeHHeiipeaiiiaaiuiu ico.MiioiieiiTbi WinRT, KaK h icoMiioiiem bi 
COM, nepeAaiOT iiiicjiopMamno o cbocm coctohhiiii b .siianeimax FIRESULT (32-pa3pnA- 
Hoe n,enoe hiicao co ciiciliici. ii.i toii ceMaHTiiKoii). CLR npoerpipyeT ;iila’icii nri WinRT 
rana Windows . Foundation. FIResult Ha o6beKTbi hckaiohchhh. KorAa WinRT API 
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B03BpamaeT .'Siia'feime HRESULT, aaiie/po.MO cooTBeTCTByiomee onm6Ke, CLR Bbi/paeT sk- 
3Cm ri.1 h]> cooTBeTCTByiomero Kjiacca, npoii3BO/pHoro ot Exception. I laiipn.viep, HRESULT 
0x8007000e (E_OUTOFMEMORY) OTo6paacaeTca Ha System.OutOfMemoryException. J\jin 
/ppyrux ko/pob HRESULT CLR Bbi/paeT o6 - beKT System. Exception, y KOToporo cbohctbo 
HResult co/pepscHT aiia'iemic HRESULT. Komhohcht WinRT, peajiH30BaHHbrii Ha C#, 
mo'/KCT npocTO BbmaTb hckjttohchhc nvoK'iioio THna, a CLR npeo6pa3yeT ero b cootbct- 
CTiiviomee .suaMeiiiie HRESULT. HtoSh nojmocTbio KOHTpojnipoBaTb 3PiaMci iptc HRESULT, 
C03/paiiTe ookckt hck/hohchhh, 3a/paiiTe cooTBeTCTByionpee 3 11a 1 pci 111c HRESULT b cbohctbc 
HResult o6beKTa, nocjie nero imi/painc o6beKT hckjttohctthh. 

Ctpokh. Koiic'iiio, i[eii3.vieiiMe.vip,[e ctpokh MoryT nepe/paBaTbca Mcac/py CHCTeMaMH 
TimoB WinRT h CLR. TeM He MCHee cucTCMa TimoB WinRT He pa3pemaeT ctpokhm npii- 
Hi-iMaTb .3 f [anemic null. Ecjih nepe/paTb null b ctpokobom iiapa.vie'ipc (jiyiiiaiiiii WinRT 
API, CLR ooiiapy'/KiiisacT stot (jiaKT h Bbi/paeT iicK. iio'ieiiiie ArgumentNullException; 
BMecTO null /pjim 1 iepe/pan 11 nycToii ctpokh (jiymaiii mm WinRT API cjic/pycr pi c pio. pp>;j 0 - 
BaTb String. Empty. Ctpokh nepe/paiOTCH no ccbunce; B03BpameHiie CTpoK (JjyHKipiiHMii 
WinRT API Bcer/pa conpoBoac/paeTca hx KoniipoBaHiieM. IIpii nepe/pane hjih iio.iy'iciiiiii 
CTpoKOBbix MacciiBOB CLR (Stringf]) ot (Jivhktphh WinRT API coa/pacrcM koiiiph Mac- 
ciiBa, KOTopan nepe/paeTCJi hjih B03BpaiipaeTCH Ha CTopoHy Bbi30Ba. 

/Jaia h BpeMH. CTpyKTypa WinRT Windows.Foundation.DateTime npe/pcTaBjm- 
eT /pary/ispe.MM b (jiopMaie UTC. CLR npoeipupyeT CTpyKTypy WinRT DateTime Ha 
CTpyKTypy .NET Framework System.DateTimeOffset, KOTopyio c/ie/pyeT ncnojib30- 
BaTb BMecTO CTpyKTypbi .NET Framework System. DateTime. B HToroBOM 3K.3CMii. iMpc 
DateTimeOff set CLR npeo6pa3yeT /pary h is pc. mm UTC, B03BpamaeMbie WinRT, b jio- 
KajibHoe BpeMH. CLR nepe/paeT cjiyHKipimM WinRT API CTpyKTypy DateTimeOffet 
c BpeMeHCM UTC. 

URI. CLR npoenupyeT Tim WinRT Windows. Foundation .Uni Ha Tim .NET 
Framework System.Uni. Ecjih npii nepe/pane THna .NET Framework Uni cjpyHKipiin 
WinRT API iiciiojipjiycTCH OTHOCiiTejibHbiii URI-a/ppec, cpe/pa CLR Bbi/paeT hcic. iiomciiiic 
AngumentException; WinRT no/p/pepacHBaeTTOJibKOa6cojiiOTHbie URL I lepexo/p neper 
rpaHiiipbi liaaii.MO/pciicTiiiiii Bcer/pa conpoBoac/paeTCH KoniipoBaHiieM URL 

IClosable/IDisposable CLR npoeipupyeT HHTeppfieHC WinRT Windows. Foundation. 
IClosable (cocTOHirpnii 113 e/pimcTBeHHoro MeTO/pa Close) Ha iiHTepcjieHC .NET 
Framework System. IDisposable (co/pepacanpHH mcto/p Dispose). Cic/pycT ynecTb, 
hto bcc cjjyHKHHii WinRT API, m.iiio.iiiMioiniie oneparpini BBO/pa-BbiBO/pa, peajiii30BaHbi 
aciiHxpoHHO. TaKKaK mcto/p innepijieiica IClosable iipoiMisacTCM Close, a hc CloseAsync, 
mcto/p Close He /pojiaceH BbinojmjiTb HHKaKne onepaipnii BBO/pa-BbiBO/pa. B stom oh ce- 
MaHTHnecKii (njiii'paciCM ot THnimHoro noBe/pernm Dispose b .NET Framework. /Rim 
TimoB, peajiii30BaHHbix b .NET Framework, mcto/p Dispose MoaceT BbinojiHHTb onepaHiiii 
BBO/pa-BbiBO/pa; 6ojiee Toro, Macro oh o6ecne i niBaeT 3aniicb 6ycjiepH30BaHHbix /paHHbix 
nepe/p cjiaKTiraecKiiM 3aKpbiTHeM ycTpoiicTBa. Ho Kor/pa ko/p C# Bbi3biBaeT Dispose /pjim 
Tima WinRT, oncpaipnn BBO/pa-BbiBO/pa (b mpictiiocth, 3anncb 6ycjiepH30BaHHbix /paHHbix) 
BbinOJIHHTbCH HC 6y/PyT, HTO M05KCT npiIBeCTH K B03M0XH0H nOTCpC /paHHbIX. Bbl /pOJDKHbl 
ynHTbiBaTb 3to oociOM'icJi PiCTiio ii hbho Bbi3biBaTb MeTO/pbi, npe/poTBpaiipaioiipHe nOTepiO 
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AaHHbix, /pin KOMnoHeHTOB WinRT, iiHKancyjinpyiomHx noTOKti BWBO/ia. Hanpimep, npn 
Hcnojib 30 BaHim o 6 beKTa DataWriter bcer/tac/ic/tycT Bbi 3 biBaTb ero m cto/i, StoreAsync. 

MaccHBbi. B WinRT API iio/ptep/KiibaiOTCM o.niOMcpm.ie MacciiBbi c iiH/teKCiipo- 
BamieM ot ny./m. WinRT mo>kc'i' nepe/taBaTb .o/ie.viem t>i Macci-iBa .1 1160 b mcto/l jih6o h 3 
Hero — ho HHKor/ia b o6ohx HanpaB/ieHiiax. Cootbctctbchho bm He cmo>kctc nepe/jaTb 
MacciiB (J)yHKu,Hi-i WinRT API, H 3 MeHiiTb Ojieviein bi .viaccmsa, a 3 aTeM oopa'nrrbCH 
k H 3 MeHeHHbiM .o/ie.viem a.vi noc/ie no.!i 5 |)ar i ici iii m H 3 (jiv mauiii API 1 . Bii|)o>icm, a omicaji 
KOHTpaKT, KOTopbiii dojuiceu co 6 .no/taTiiCM. Tcm He mci ice cpe/ta He 3aiiii.\iaeTCH aKTHB- 
hmm KOHTpo/ieM ero coo.t lo/tciina, noaTOMy HeKOTopbie npocKUHH MoryT iiepe/taisaTb 
coAepaciiMoeMaccHBa b o6oiix i iaii])aii./icii itmx. Oobcmo oto/ tc/iacTCM /yiaccTecmciinoio 
11 Ob bl 11 ICI 111 M npOH3B 0 /I.HTe.TbllOCTH. 

KojiJieKUHH. IIpn iicpe/ta'ic ko/ltcichii ii WinRT API cpe/ta CLR ynaKOBbrnaeT 06b- 
eKT kojijicki i it ii b o6epTKy CCW h ncpc/tacT ccbuncy Ha CCW <})vmcn.ini WinRT API. 
IIpn Bbi 30 Bax 'fcpc .3 CCW Bbi 3 biBaiomHH noTOK nepeceicaeT rparamy isaaii.vio/tCMCTisii m, 
hto 111)nbo/tirr k chh/kciiiiio iipoii.iBO/tine/ibiiocm. C /tpyroii CTopoHbi, b otjihthc ot 
M acciiBOB, npn ncpc/ta'ie tcojtjtckuhh WinRT API isosmo/ktio isbiiio. iiiciinc oiicpannii 
c Ko/uieKn,HHMii «Ha MecTe» 6 e 3 KoiinpoisamiM D.Te.vieiiTOb. B Ta6ji. 25.1 nepcuicjienbi 
it i ri (‘])(})ciici>i ko.tjtckuhh WinRT h hx i i ])ookt i it ii b Ko/te npnjioaceHHH .NET. 


Ta6/uiL(a 25.1 . IdHTepcpencbi KO/i/ieKui/m WinRT v\ nx npoeKu,nn b CLR 


Tun KomieKLiHM WinRT (npocTpaHCTBO 
HMeH (Windows.Foundation. 
Collections) 

ripoeunpyeMbm Tnn Kou/ieKpun CLR 
(npocTpaHCTBO HMeH System.Collections. 
Generic) 

IIterable<T> 

IEnumerable<T> 

IVector<T> 

IList<T> 

IVectorView<T> 

IReadOnlyList<T> 

IMap<K, V> 

IDictionary<TKey, TValue> 

IMapView<K, V> 

IReadOnlyDictionary<TKey, TValue> 

IKeyValuePair<K, V> 

KeyValuePair<TKey, TValue> 


KaK noKa3biBaeT iipinse/teniibiii cnncoic, KOMan/ta CLR ocnobaTC/ibiio noTpy/tH/iacb 
hah TeM, HTo6bi no bo3mohchocth ynpocTHTb B3aimo,a,eHCTBHe Meacny chctcmoh THnoB 


1 Hanpimep, H3 aToro c/ienyeT, uto API He MoxeT co/iepxaTb Taiciie MeTo/iH, KaK Sort KJiacca 
System.Array. HmepecHO, hto Bee H3HKH (C, C++, C#, Visual Basic h JavaScript) no/wepacHBaiOT 
nepenauy a/ieMeHTOB MacciiBa b o6ohx HanpaBjieHHHx, a cucTeMa runoB WinRT TaKoii bo3mox- 
hoctii He /taeT. 
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WinRT h CHCTeMOH thiiob CLR, a paapaooT'iiik'ii ynpaBJineMoro ko/p:i Moran 6 bi hc- 
nojib 30 BaTb KOMnoHeHTbi WinRT b CBoeM Kone 1 . 


npoeKunn ypoBHq .NET Framework 

Ecjiii CLR He MoaceT h 6 hbho no/io 6 paTb npoeKipno Tima WinRT jvva pa 3 pa 6 oTmnca .NET 
Framework, iipiixo/nriCH ncnojib 30 BaTb a mine npocKHirii. EcTb Tpn ocHOBHbie o 6 jiacTii, 
b KOTopbix Heo 6 xo/i,iiMbi npocKium: acimxpoHHoe nporpaMMiipoBamie, B 3 aHMO/ieHCTBHe 
Meatfly noTOKaMii WinRT n .NET Framework, a Taicace nepenana 6 jiokob flaHHbix Meatfly 
(JiyHKniiHMH CLR h WinRT API. 3 th Tpn oojiaci n 6 o.;iee noflpoono paccMaTpimaiOTCH 
b c./ic;pvioimix Tpex paaflc.iax otoh iviam.i. 


AcHHxpoHHbie Bbi 30 Bbi WinRT API M3 KOfla .NET 

CiiHxpoHHoe BbinojiHemie oncpanim BBOfla-BbiBOfla b nporpaMMHOM noTOKe M 0 >Kcr 
npimecTH k ero OaoKiipoBKe Ha HeonpeflejieHHbiii nepnofl BpeMemi. Ecjih noTOK rpa- 
(jnraecKoro iiHTepcjieHca oatHflaeT 3 aBepmeHim ciiHxpoHHoii onepan,iiii BBOfla/BbiBOfla, 
nojib 30 BaTejibCKiiii nm cpijieiic npiuroaccmw nepecTaeT peampoBaTb Ha fleiicTBHa 
nojib 30 BaTejiH (onepanini c ceHCopHHM 3 KpaHOM, Mbimmo h nepoM), a oto pa 3 fl,paacaeT 
ri o. ri>.3()isa rcjr. l Ito6i,i npeflOTBpaTHTb iioflooimo OjioKiipoBKy, KOMnoHeHTbi WinRT, 
BbinojiHmomiie onepan,Hii BBOfla-BbiBOfla, npefloCTaBjunoT flocTyn k CBoeii (jiynKnno- 
HanbHOCTH nepe 3 acHHxpoHHbiii nporpaMMHbiii innepijieiic. Boaee Toro, KOMnoHeHTbi 
WinRT, Biiiiio. iiiMiomne BbmucjiiiTejibHbie micpannn, Taicace npefloCTaBjia iot flocryn k 
cisocii cjiyHKniiOHajibHOCTH 'fepe .3 aciiHxpoHHbiii nporpaMMHbiii riiiTcpcjieiic, ec.i n bh- 
nojiHeHiie oncpantin 3 aHiiMaeT 6 o./icc 50 MHjumceicyHfl. I IpoOjieMbi noopoe mm npii- 
.loacemiii, ObiCTpo peaoipyiomHxHafleiicmna no.ibisoisaTCjm, TaicacepaccMaTpimaiOTCH 
b nacTH V aToii Kinini. 

HtoOw acjxjieKTiiBHO ncnojib 30 BaTb MHoromicjieHHbie aciiHxpoHHbie cjiyHKnmi WinRT 
API, Heo 6 xOflHMO nOHIIMaTb, KaK npaBHJIbHO paOoTaTb C HIIMH B KOfle C#. PaCCMOTpHM 
cneflyiomiiii npHMep: 

public void WinRTAsyncIntro() { 

IAsyncOperation<StorageFile> asyncOp = 

KnownFolders.MusicLibrary.GetFileAsync("Song.mp3"); 
asyncOp.Completed = OpCompleted; 

// Bo3mo>kho, no3AHee 6yAeT Bbi3BaH MeTOA asyncOp.Cancel() 

} 

// BHUMAHME: MeTOA o6paTHoro Bbi30Ba Bbino/u-meTca b nporpaMMHOM noTOKe 
// rpat^MHecKoro MHTept|)eiica hah nyna noTOKOB: 

npooojiMenue jV 

1 Rto 6 h nojiymiTB flonojimiTejibHyio HH(})opMan,i'HO no 3 toiT TeMe, OTKpoiiTe CTpammy http: // 
msdn.microsoft.com/en-us/library/windows/apps/hh 995050 .aspx i-i 3 arpy 3 iiTe floicyMeHT 
CLRandtheWindowsRuntime.docx. 
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private void OpCompleted(IAsyncOperation<StorageFile> asyncOp, AsyncStatus status) 

{ 

switch (status) { 

case AsyncStatus .Completed: // 06pa6oTKa pe3y/ibTaTa 

StorageFile file = asyncOp.GetResultsQ; /* 3aBepweH0... */ break; 

case AsyncStatus.Canceled: // 06pa6on<a OTMeHbi 

/* Canceled... */ break; 

case AsyncStatus. Error: // 06pa6oTKa MCK/iKiMeHna 

Exception exception = asyncOp.ErrorCode; /* Owu6Ka... */ break; 

} 

asyncOp. CloseQ; 

} 

Mctoa WinRTAsyncIntro Bbi3biBaeT mctoa WinRT GetFileAsync aah noiicKa fyaiuia 
b MC/iftaxcKe iio. ib.'ioiiaTC.xH. Bee (jivmauiii WinRT API, lii.ino. iimioiiiHC acnHxpoHHbie 
onepanini, hmciot cycjxjniKC Async 11 B03Bpainai0T o6beKT, Tnn KOToporo peajni3yeT hh- 
Tepcfieiic WinRT IAsyncXxx; b xaimo.vi cuynae innepcfKTic IAsyncOperation<TResult>, 
rne TResult — ran WinRT StorageFile. 3tot o6beKT, ccbuiKy Ha KOTopbiii n noMecran 
b nepeMeHHyio asyncOp, npencTaBJiaeT He3aBepmeHHyio acnHxpoHHyio onepannio. 
Bam koa AOJiaceH KaKiiM-TO o6pa30M nonymiTb yBCAOMAeroie o 3aBepmeHiin onepanini. 
/I,jih 3Toro Heo6xoAHMO peajiH30BaTb mctoa o6paTHoro Bbi30Ba (OpCompleted b MoeM 
npnMepe), C03AaTb /yin Hero AeaeraTa h 3AAaTb AeaeraTa CBoiicTBy Completed o6beKTa 
asyncOp. Tenepb npn 3aBepmeHiin onepanini mctoa o6paraoro Bbi30Ba ovact akthbii- 
3iipoBaH Kai<iiM-. : m6o noTOKOM (Heo6n3aTejibHO noTOKOM rpacjuinecKoro innepijiciica). 
Ecjih onepann a 6bina 3aBepmeHa nepeA Ha3HaueHiieM ACACiara CBoiicTBy OnCompleted, 
CHCTeMa Bbi30BeT mctoa o6paTHoro Bbi30Ba KaK moacho 6biCTpee. /Ipyrn.vm c.;ioi:aMii, 
3aecb B03HiiKaeT CHTyan,na roHKii, ho o6beKT, peajnmyioinnH HiiTcpcjiciic IAsyncXxx, 
pa3peniHT ee 3a Bac, oocciicaiiisaa npaBiiAbHOCTb pa6oTbi K0/i,a. 

Kax yKa3aHO b kohuc MeTOAa WinRTAsyncIntro, aah otmchm He3aBepeHHoii onepanini 
Taioicc moacho Bbi3BaTb mctoa Cancel, peajni3yeMbiiiBceMii HHTepcjieHcaMH IAsyncXxx. 
Bee aciiHxpoHHbie onepanini 3ai:cpmaiOTCH no o.tiioii H3 Tpex iipirmn: ycnemHoro bm- 
nojiHeHiia onepanini ao KOHna, hbhoii otmchm hah oihh6kh npii BbinoAHeHini onepanini. 
IIpii 3aBepmeHini onepanini no oahoh 113 othx iipirinn cucTeMa Bbi3biBaeT mctoa o6- 
paTHoro Bbi30Ba h nepenaeT eMy ccbiAKy Ha o6beKT, B03BpaineHHbiii iicxoAHbiM mctoaom 
XxxAsync, h AsyncStatus. Moii mctoa OnCompleted npoBepneT napaMeTp status 
ii o6pa6aTbiBaeT ah6o pe3ynbraT npn ycnemHOM 3aBepmeHiiH, ah6o ammo OTMeHy, 
ah6o omi^Ky 1 . TaKace o6paTHTe BHiiMaHiie Ha to, hto nocne o6pa6oTKH 3aBepmeHiin 
onepanini aah o6beKTa iiHTepcjieiica IAsyncXxx hco6xoahmo Bbi3BaTb mctoa Close. 


1 HHTepcJieiic IAsyncInfo npeAOCTaBxaeT cbohctbo Status, Koropoe coAepaaiT 3HaueHiie, nepe- 
AaHHoe b napaMeTpe status MeTOAa o6paTHoro BH30Ba. Tax KaK napaMeTp nepeAaeTCH no 3HaueHHio, 
o6pameHiie k napaMeTpy (bmccto 3anpoca CBOiiCTBa Status) ynyuniiiT npon3BOAHTeAbHOCTb npn- 
xoaceHHH, noTOMy uto o6pameHiie k CBoiicTBy npuBOAHT k BH30By cjiyHKiiHii WinRT API nepe3 
RCW. 
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Ha puc. 25.2 ri3o6pa>Keiii>i paarrn aiibie nHTepr^eiicbi WinRT IAsyncXxx. Bee aeTbi- 
pe rnaBHbix nHTepcjaeiica npoHcxoAHT ot mrreprjierica IAsyncInfo. /(Ba uiiTcpijieiica 
IAsyncAction npeflOCTaBJimoT B03M05KH0CTb y3HaTb o 3aBepmeHini onepaiiioi, ho hx 
onepaH,iiii 3aBepmaiOTCH 6e3 B03BpamaeMoro sna'ieima (hx mctoah Get Re suits bo3- 
BpamaiOT void), /[isa riirreptjierica IAsyncOperation no3BOJiaiOT He TOJibKO y3HaTb o 3a- 
BepmeHi-ii-i onepauHH, ho ii nonyaHTb BoaispamacMoe ana'iemie (hx MeTOAbi GetResults 
B03Bpamai0T o6o6meHHbifi Tim TResult). 

nHTepcjaeiica IAsyncXxxWithProgress no3BOJiaiOT KOAy nojiyaaTb nepno- 
AHaecKHe mioBcmcmin o xo/ie BbinojiHeHiia acHHxpoHHofi onepapHH. BojibuniHCTBO 
aciiHxpoHHbix oneparuiH He noAAepacHBaeT oiionemcmia, ho y HeKOTopbix biiaob one- 
panHH (KaK, HanpHMep, y 4>ohoboh 3arpy3KH h OTnpaBKH Aamibix) Tanaa B03M0acH0CTb 
iipcAycMO'rpeiia. /(jia nojiyieima oiioiicmciinii cjicavct onpeACJiHTb b koac eme o/um 
MeTOA o6paTHoro Bbi30Ba, co3AaTb /yia Hero AeaeraTa h Ha3HaaHTb ero CBoiicTBy Progress 
o6beKTa IAsyncXxxWithProgress. npn o6pameHnn kM eTOAy o6paTHoro Bbi30Banepe- 
AaeTca apryMeHT, THn KOToporo cooTBeTCTByeT o6o6meimo,viy THny TProgress. 



Puc. 25.2. PlHTepcJrencbi WinRT, OTHOcamneca k Bbino/iHeHnK) acnHxpoHHoro 
BBOfla-BbiBOAa n BbNnc/inTeabHbix onepapnn 

B .NET Framework a; in ynpomeraia aciiHxpoHHbix onepan,HH ncnojib3yiOTca Timbi 
H3 npocTpaHCTBa HMeH System. Threading. Tasks. Tunw aah BbinojiHeHiia acim- 
xpoHHbix BbiaHCACHHii h hx Hcnojib30BaHHe paccMaTpHBaiOTca b rjiaBe 27, a THnbi /u : ia 
BbinojiHeHiia acnHxpoHHoro BBOAa-BbiBOAa — b raaBe 28. KpoMe Toro, b C# imeiOTca 
K. iio'iciibic caoBa async h await, KOTopbie no3BOJiaiOT BbinoAHHTb aciiHxpoHHbie one- 
pan,HH c npHMeHeHiieM moacah nocjieAOBaTeAbHoro nporpaMMHpoBaHiia, cymecTBeHHO 
ynpomaromeii CTpyKTypy KOAa. 

CAeAyiomHii koa npeACTaBAaeT coooii nepepa6oTaHHyio Bepcnio yiioMiiiiamncTOca 
paHee MeTOAa WinRTAsyncIntro. B 3toh Bepcrm 3AAeHCTBOBaHbi ncKoxopbic MeTOAbi 
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paciniipeHim .NET Framework, npeo6pa3yiomiie MOAenb acriHxpoHHoro nporpaMMii- 
poBaHim WinRT b 6ojiee y/ioonyio Monejib nporpaMMiipoBamiH C#. 

using System; // Heo6xoflniMO p,n» mbtoaob pacuinpeHna 

// H3 WindowsRuntimeSystemExtensions 

public async void WinRTAsyncIntro() { 
try { 

StorageFile file = await KnownFolders.MusicLibrary.GetFileAsync("Song.mp3"); 

/* 3aBepiueHne... */ 

} 

catch (OperationCanceledException) { /* OTMeHa... */ } 
catch (SomeOtherException ex) { /* 0wn6Ka... */ } 


Oneparap C# await 3acTaii./niCT komiiii./ihto|) npoBecm noncK .viCTo;i,a GetAwaiter 
b HHTep(J)eHce IAsyncOperation<StorageFile>, B03BpameHH0M mctoaom GetFileAsync. 
HHTep4)eiic He npenocTaBjiaeT mctoa GetAwaiter, noaTOMy KOMnruiHTop iimeT mctoa 
pacmiipeHHH. K eiac'inio, paapaSoTM 11 k .NET Framework bkjiiohhjih b 6 H6jiriOTeKy 
System.Runtime.WindowsRuntime.dll MeTOAbi pacmiipeHim, Bbi 3 biBaeMbie ahh riHTep- 
cjjeiicoB WinRT IAsyncXxx. 

namespace System { 

public static class WindowsRuntimeSystemExtensions { 

public static TaskAwaiter GetAwaiter(this IAsyncAction source); 
public static TaskAwaiter GetAwaiter<TProgress>(this 
IAsyncActionWithProgress<TProgress> source); 
public static TaskAwaiter<TResult> GetAwaiter<TResult>(this 
IAsyncOperation<TResult> source); 

public static TaskAwaiter<TResult> GetAwaitercTResult, TProgress>( 

this IAsyncOperationWithProgresscTResult, TProgress> source); 

} 

} 

Bo BHyTpeHHeii pcajnr.3anmT bcc 3tii MeTop,bi co3,a,aiOT o6beKT TaskCompletionSource 
h npiiKa3biBaiOT ooncKry IAsyncXxx o6parm bca k mcto/iv o6paTHoro Bbi30Ba, KOTopbiii 
3aa,aeT cjniHajibHoe cocrasiHiie TaskCompletionSource npn 3aBepmeHiin acriHxpoHHoii 
onepapHH. 06beicr TaskAwaiter, imaispamaeMbiii mcto/uimh pacmnpemia — to, hto 
b KOHenHOM c'ictc noji/iccii nojiyuHTP) C#. IIpH 3aBepmeHiiii acriHxpoHHoii onepapHH 
o6beKT TaskAwaiter cne/u-iT 3a tcm, HTo6bi koa nponojiacan BbinojiHHTbCH nepe3 
o6beKT SynchronizationContext (cm. rnaBy 28), CBH3aHHbiii c hcxoahmm noTOKOM. 
3aTeM noTOK BbinojmaeT koa, creHepiipoBaHHbiii KOMnujiHTopoM C#, KOTopbiii 3a- 
npamriBaeT cbohctbo Result o6beKTa TaskCompletionSource.Task; 3 to npiiBOAHT 
k nojiyneHino pe3yjibTaTa (StorageFile b mocm npriMepe), Bbinane iicKmoneHiin 
OperationCanceledException b cnynae OTMeHbi hjih npyroro ucicno'iemia b cnynae 
onriT6)Kii. IIpriMep BHyTpeHHeii pcajiH.aaniTH 3 thx mctoaob iipube/iyii b KOHn,e paanc.Ta. 

Mbi pacc.viOTpc.Tii ii;ui6o.;iec THnnHiibiii crieHapnii Bbi 30 Ba aciiHxpoHHoii (jivmauiu 
WinRT API h onpeneiieHiin peay.i inara. O/uiaKO b cbocm ko/i,c a ii()i<a.3a.T, KaK y3HaTb 
06 OTMeHe oncpaninr, ho He o6i>hchiui, KaK Ha npaKTHKe npon. 3 Bo/i,mca OTMeHa. Taioicc 
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ocTancH HepaccMOTpeHHbiM Bonpoc o6pa6oTKH onoBemeHHH o xo/pc BbinojmeHiiH one- 
pannif. I lTo6bi npaBiuibHO o6pa6oTaTb otmchy h onoBenpeniiH, bmccto aBTOMaTunecKoro 
Bbi30Ba KOMnujiHTopoM o/pnom H3 mcto/pob pacnnipeHHH GetAwaiter cjie/pycT hbho 
B bi3BaTb oahh h3 mcto/pob pacm npemiM AsTask, 'raioicc hbho oii|)C/i,c.;imcmp,ix i(./iacco.\i 

WindowsRuntimeSystemExtensions. 

namespace System { 

public static class WindowsRuntimeSystemExtensions { 
public static Task AsTask<TProgress>(this 

IAsyncActionWithPnogress<TPnogress> source, 

CancellationToken CancellationToken, IPnogress<TProgress> progress); 

public static Task<TResult> AsTaskcTResult, TProgress>( 

this IAsyncOperationWithProgresscTResult, TProgress> source, 
CancellationToken CancellationToken, IProgress<TProgress> progress); 

// Bonee npocTbie neperpyxeHHbie Bepcnu He noi<a3aHbi 

} 

} 

HiaK, nopa paccMOTperb peajiii3aH,iiio b hcjiom. Bot KaK nponcxoAHT acHHxpoHHbiii 
Bbi30B (fiyHKiiHH WinRT API c no. iiioii 11 o/p/pep/K ko ii otmchh ii onoBenpeHirii o xo/pc 
BbinojiHeHiiH b Tex cjiynanx, Koiypa ohii hcoSxoahmm: 

using System; // fl/in AsTask m 3 WindowsRuntimeSystemExtensions 
using System.Threading; // flra CancellationTokenSource 
internal sealed class MyClass { 

private CancellationTokenSource m_cts = new CancellationTokenSource(); 

// BHMMAHME: npw Bbi30Be m 3 noTOxa rpa^unecKoro HHTep^eMca 
// Becb KOA BbinOAHBeTCH B 3T0M noTOxe: 

private async void MappingWinRTAsyncToDotNet(WinRTType someWinRTObj) { 
try { 

// npeAnonaraeTca, hto XxxAsync B03BpamaeT 
// IAsyncOperationWithProgresscIBuffer, UInt32> 

IBuffer result = await someWinRTObj.XxxAsync(...) 

.AsTask(m_cts.Token, new Progress<UInt32>(ProgressReport)); 

/* 3aBepuieHne... */ 

} 

catch (OperationCanceledException) { /* OTMeHa... */ } 
catch (SomeOtherException) { /* OuiM6i<a... */ } 

} 

private void ProgressReport(UInt32 progress) { /* OnoBeupeHne... */ } 
public void CancelQ { m_cts.Cancel(); } // Bbi3biBaeTca no3AHee 

} 

Kohchho, MHoniM HHTaTejiHM xoTenocb 6bi noHHTb, KaK MeTonbi AsTask npeo6pa3yiOT 
o6beKT WinRT IAsyncXxx b o6beKT .NET Framework Task, k KOTopoMy b koiic'iiiom 
HT ore npriMeHHeTCH await. B (xnypyioiipe.vi KO/pc npeacTaBjieHa BHyTpeHHHH peajiH3au,HH 
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caMoro cjioacHoro mcto/ai AsTask. KoiiC'mo, 6ojiee npocTbie neperpyacemmie Bepcim 
ycTpoeHbi npome. 

public static Task<TResult> AsTaskcTResult, TProgress>( 

this IAsyncOperationWithProgresscTResult, TProgress> asyncOp, 

CancellationToken ct = default(CancellationToken), 

IProgress<TProgress> progress = null) { 

// npn OTMeHe CancellationTokenSource OTMeHMTb acuHxpoHHyio onepauwo 
ct.Register(() => asyncOp.Cancel()); 

// Korfla acuHxpoHHaa onepauna onoBemaeT o nporpecce, 

// onoBemeHne nepeflaeTCB MeToay o6paTHoro BbBOBa 
asyncOp.Progress = (asynclnfo, p) => progress.Report(p); 

// 06beKT TaskCompletionSource Ha6/iKmaeT 3a 3aBepweHneM 
// acHHxpoHHofi onepapnn 

var tcs = new TaskCompletionSource<TResult>(); 

// npn 3aBepmeHmi acuHxpoHHoti onepaunn onoBecTMTb TaskCompletionSource. 

// Korfla 3 to nponcxoflMT, ynpaB/iemne B03BpamaeTCfl KOfly, 

// ojKHflaiomeMy 3aBepweHMfl TaskCompletionSource. 
asyncOp.Completed = (asyncOp2, asyncStatus) => { 
switch (asyncStatus) { 

case AsyncStatus.Completed: tcs.SetResult(asyncOp2.GetResults()); break; 

case AsyncStatus .Canceled: tcs.SetCanceledQ; break; 

case AsyncStatus.Error: tcs.SetException(asyncOp2.ErrorCode); break; 

} 

}; 


return tcs.Task; 

} 


B 3 anMOfle£iCTBHsi Me>Kfly noTOKaivm WinRT 1/1 noTOKaMU .NET 

MHonie KJiaccw .NET Framework pa6oTaiOT c TirnaMH, npoii3BOAHbiMH ot System. 
10.Stream — KaK, Hanpimep, KJiaccbi cepiia.maami h h LINQ. I tTo6bi iicno.Tb::oi::n bo6b- 
eKT WinRT, peammyiomiiii unTcpcjiCHCbT WinRT IStorageFile hjih IStorageFolder, 
c KJiaccoM .NET Framework, KorapoMy iieooxo/uiM ran, npoiiaiso/uibiii ot Stream, 
cnenyeT 3a,a;eHCTBOBaTb mcto/iai pacmupeiiiia, onpenejieHHbie b KJiacce System. 10.Wi 
ndowsRuntimeStorageExtensions. 

namespace System.10 { // Onpefle/iaeTCfi b System.Runtime.WindowsRuntime.dll 

public static class WindowsRuntimeStorageExtensions { 

public static Task<Stream> OpenStreamForReadAsync(this IStorageFile file); 
public static Task<Stream> OpenStreamForWriteAsync(this IStorageFile file); 

public static Task<Stream> OpenStreamForReadAsync(this 
IStorageFolder rootDirectory, 

String relativePath); 

public static Task<Stream> OpenStreamForWriteAsync(this 



flpoeKUMM ypoBHfl .NET Framework 711 


IStorageFolder rootDirectory, 

String relativePath, CreationCollisionOption creationCollisionOption); 

} 

} 

B cjieAyiomeM npimepe oaiih 113 motoaob paciniipeHiiH ncnojib 3 yeTCH aha otkpmtiih 
oobeina WinRT StorageFile h htcithjt ero coAepacHMoro b ooncKT .NET Framework 
XElement. 

async Task<XElement> FromStorageFileToXElement(StorageFile file) { 
using (Stream stream = await file.OpenStreamForReadAsync()) { 
return XElement.Load(stream); 

} 

} 

HaKOHeu,, Kjiacc System. 10 .WindowsRuntimeStreamExtensions npe/LOCTaBjiaeT 
MeTOAbi paciPiiipeiPiiM, «iipeo 6 pa. 3 yioinne» noTOKOBbie iiiiTep 4 ) e'k'i>i WinRT (raKne, KaK 
IRandomAccessStream, IlnputStream hah IOutputStream) b Trai .NET Framework 
Stream, h Hao 6 opoT. 

namespace System.10 { // Onpefle/ineTCfl b System.Runtime.WindowsRuntime.dll 

public static class WindowsRuntimeStreamExtensions { 

public static Stream AsStream(this IRandomAccessStream winRTStream); 
public static Stream AsStream(this IRandomAccessStream winRTStream, 

Int32 bufferSize); 

public static Stream AsStreamForRead(this IlnputStream winRTStream); 
public static Stream AsStreamForRead(this IlnputStream winRTStream, 

Int32 bufferSize); 

public static Stream AsStreamForWrite(this IOutputStream winRTStream); 
public static Stream AsStreamForWrite(this IOutputStream winRTStream, 

Int32 bufferSize); 

public static IlnputStream AsInputStream (this Stream clrStream); 
public static IOutputStream AsOutputStream(this Stream clrStream); 

} 

} 

B cjienyiomeM npimepe 0 / 1,1111 H 3 mcpo/loh pacmiipeHim iiciio. ii) 3 yc'icti /yin «npeo 6 - 
pa 30 B am in » o 6 beKTa WinRT IlnputStream b o 6 beKT .NET Framework Stream. 

XElement FromWinRTStreamToXElement(IInputStream winRTStream) { 

Stream netStream = winRTStream.AsStreamForRead(); 
return XElement.Load(netStream); 

} 

06 paTiiTe BHiiMaHiie: MeTOAbi <<npeo 6 pa 30 BaHiiH», npeAOCTaBJineMbie .NET 
Framework, He oipaiiirmiiaiOTCH npocTbiM BHyTpeHHim npeo 6 pa 30 BaHiieM rana. Me- 
TOAbi, aAanTHpyionLiie noTOKii WinRT b noTOKii .NET Framework, HenBHO co 3 AaiOT 
6 y(})ep aah noTOKa WinRT b ynpaBjmeMoii icyte. B piyy/ip/iaTC 6 ojibiniiHCTBO onepauini 
ocymecTBAneT .aanwcb b 6 y<})ep h He 1 lyscAaeTcn b iicpcce'ieiiiiii rparaiiLbi B 3 aHMOAeii- 
CTBiiH, 'no cnoco 6 cTByeT noBbimeHiiio p 1 |)OPi.i nr i/lpi pc/ji Pj.i ioc'i pi — 3 to oco 6 eHHO na/Kiio 
b CHTyan,HHx c Miiom'iiic/K'iiiiiii.viH mcatchmh onepapH mm ii BBOAa-BbiBOAa (HanpuMep, 
npn pa 36 ope AOKy.vtema XML). 
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O.uio 1 13 npeHMymecTB iiciio. iPj.ioiiaiiiiH npoeKu,HH noTOKOB .NET Framework 3a- 
KJiiOAaeTCH b tom, 'no ecjiH mctoa HcnoAb 3 yeTCH 6 onee oahoto pa 3 a aah AsStreamXxx 
Aah OAHoro 3K3eMiuiJipa noTOKa WinRT, BaM He iipiiACTOi 6 ecnoKOHTbCH o bo3moacho- 
cth co3AaHHH HecKOAbKHX pa3Hbix 6ycj3epoB h o tom, hto AaHHbie, 3amicaHHbie B OAIIH 
6 y(|)cp, He 6 yAyT bhahm b ApyroM. Oviikuhh .NET Framework API cacaht 3 a tcm, 
hto 6 h KaacAbiH o 6 beKT noTOKa hciio. i ij.ionanr yiniKa. ii ) m ) iii 3K3eMnAnp aAanTepa, a Bee 
noAb30BaTeAH pa 6 oTann c oahhm 6y4>epoM. 

H xoth b 6 oAbmiiHCTBe CAynaeB CTaHAapTHan 6y4>epii3aiHiH o 6 ecnemiBaeT xopoinirit 
KOMnpoMHCC MeacAy npoH3BOAHTeAbHOCTbio h 3aTpaTaMH naMHTH, HHorAa Tpc 6 ycTCM 
H3MeHiiTb 16-KHAo6aiiTHbiii pa3Mep 6 ycj)epa, HcnoAb3yeMbifi no yMOAnaHino. MeTOAbi 
AsStreamXxx npeAOCTaBAmoT neperpyaceHHbie BepcHH c TaKofi ipo;pmo'/Kuoctp>io. Ha- 
npiiMep, ecAH bm 3HaeTe, hto 6 yAeTe pa 6 oTaTb c 0 'iem< 6 oAbiniiM cj)aHAOM b pc'iei pptc 
AAHT eAbHoro BpeMeHii, a koahhcctbo OAHOBpeMeHHO HcnoAb3yeMbix Apyrnx 6y4>epn- 
30BaHHbIX noTOKOB OVACT He 6 oAbmHM, Bbl CMO/KCTC OOCCIPC'tllTb HeKOTOpblH npupocT 
npoH3BOAHTeAbHOCTH, iibPAC. iiiii a a a CBoero noTOKa 0 'ieiii. 6 oAbmoii 6 ycj)ep. H Hao 6 o- 
pOT, B HeKOTOpbIX CHTyaU,HHX C Heo 6 xOAHMOCTbK) MHHHMaAbHOH 3aAep5KKII MO'/KTIO 
nOTpe 6 oBaTb, HTo 6 bI H3 CeTH n Pl PajPOCI. pOBHO CTOAbKO 6 aHT 0 B, CKOAbKO Heo 6 xOAHMO 
npHAoaceHHio; TorAa 6ycf)epH3au,Hio moacho BOo 6 me OTKAiomiTb. Ecah nepeAaTb MeTOAy 
AsStreamXxx HyAeBofi pa 3 Mep 6 y(j)epa, to o 6 beKT 6 ycj)epa He cosAacTca. 

riepeflana 6 jiokob fiaHHbix Me*Ay CLR u WinRT 

TaM, TAe 3T0 B03M0ACH0, peKOMCHAyeTCH IICn0Ab30BaTb npoeKUHH noTOKOB 113 npeAHAy- 
mero pa3AeAa, noTOMy hto ohii o6AaAaiOT aoctatoaho xopomiiMH xapaKTepiiCTHKaMH 
npOH3BOAHTeAbHOCTH. OAHaKO HCKOTOpbie CHTyaU,HH Tpe6yiOT IPepe/Ul'PII MOKAV CLR 
h KOMnoHCHTaMH WinRT (|)H 3 hhcckhx 6 aokob AaHHbix. HanpiiMep, npn HcnoAb30BaHHH 
KOMnOHCHTOB (JpaHAOBbIX H COKCTOBblX nOTOKOB WinRT Heo6xOAHMO BbinOAHHTb HTCIII 1 C 
h 3anHCb ())ii 3 ii'iccktix 6 aokob AaHHbix. KpoMe Toro, ix]) ip irpop ]);i())iinecic ptc KOMnoHenrbi 
WinRT BbinoAHmoT iiiinjppoipamie h ACininjipoipamie 6 aokob AaHHbix, a nmccenbi pac- 
TpoBoii rpacjniKH TaiOKC xpamiTCH b ip ipac (jiiiaii'teciaix 6 aokob AaHHbix. 

B .NET Framework 6aokii AaHHbix o6i,i'iipo ipepe/uiio'i'oi b ip ipac MaccriBa 6 aiiT 0 B 
(Byte [ ]) hah b BHAe noTOKa (HanpHMep, npn HcnoAb30BaHHH KAacca MemoryStream). 
KoHenHO, MaccriBbi 6 aiiT 0 B h o 6 beKTbi MemoryStream He MoryT nepeAaBaTbca KOMno- 
HCHTaM WinRT HanpnMyio, nosTOMy WinRT onpeACAHCT KHTepcjiciic IBuffer; o 6 beKTbi, 
peaAH3yiomHe 3 tot KHTepcJiciic, iipcACTais. : iHiOT ())ii3ii'icciciic 6 aokii AaHHbix, KOTopbie 
MoryT nepeAaBaTbCH (jivuiaiii mm WinRT API. Mm epijiciic WinRT IBuffer onpeACAH- 
eTca CAeAyiomiiM o6pa30M: 

namespace Windows.Storage.Streams { 
public interface IBuffer { 

UInt32 Capacity { get; } // MaKcmvpaabHbiM pa3Mep 6y<j)epa (b 6aiiTax) 

UInt32 Length { get; set; } // Ko/iusecTBO incno/ib3yeMbix 6aiiT0B 
} // b 6y<j)epe 

} 
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KaK BH/i,HTe, o6i>eKT I Buffer HMeeT MaKCHMajibHbift pa3Mep h TeKymyio hji 11 i iy ; KaK 
HH CTpaHHO, OH HC npCAOCTaBJIHeT CpCflCTB /yiH BbinOJIHeHIIH HTCHIIH HJIH 3anHCH HaHHblX 
b 6y(})cp. 3to o6bHCHHeTCH, npeacne Bcero, 'icm, hto tipiip>i WinRT He MoryT BbipaacaTb 
yKa3aTejiH b cbohx Me'ia/paiiiibpx, noTOMy 'no yKa3aTejni ii. ioxo cooTBeTCTByiOT npa- 
BHjiaM HeKOTopbix h3hkob (Hanpinwep, JavaScript hjih 6e3onacHoro Kona C#). TaKHM 
o6pa30M, o6beKT IBuffer — Bcero jinnib cnoco6 iiepeflaH h anpeca p la.virippr mokhv CLR 
h WinRT API. JX jih oopameiiiia k fiaii'ia.vi no anpecy naMHTH ptcpio./pp>::jvcpoi BHyTpeH- 
hhh iiHTepJpeiic COM IBufferByteAccess. 06paTHTe BHiiMaraie: 3to iiHTeptjieHC 
COM (noTOMy 'no oh B03BpamaeT yica3aTejib), a He iiHTepcjieHC WinRT. rpynna .NET 
Framework onpenejmjia /p,ji^i 3Toro iiin<‘p<))ciica COM BHyTpeHHKno o6epTKy RCW, 
KOTopan BbirjiHAHT npimepHO TaK: 

namespace System.Runtime.InteropServices.WindowsRuntime { 

[Guid("905a0fefbc5311df8c49001e4fc686da")] 

[InterfaceType(CominterfaceType.InterfacelsIUnknown)] 

[Comlmport] 

internal interface IBufferByteAccess { 
unsafe Byte* Buffer { get; } 

} 

} 

Bo BHyTpeHHeli pcajwaanHH CLR mo/KCt B3HTb o6beKT IBuff er, 3aii|)ocinp> ero pih- 
TepcjieHC IBufferByteAccess, a 3aieMo6paTHTbCH k CBoiiCTBy Buffer hjih nojiyneHiiH 
He6e3onacHoro yicaaaTCjm Ha 6aiiTbi, conepacamnecH b 6y<jx‘pc. IIo .oto.ypv yica3aTejno 
k 6aHTaM mo5kho o6paTHTbCH HanpHMyio. 

Mtooi.i H36aBHTb pa3pa6omHKOB ot iiaii iicai pip a He6e3onacHoro Kona, pa6oTaiomero 
c yKa3aTejiHMH, b FCL 6bui BKjnoneH Kjiacc WindowsRuntimeBufferExtensions. Oh 
onpenejineT Ha6op mctohois pacmiipeHim, KOTopbie hbho n p>p 3inisnioacai paapaoo'i'iri- 
KaMii nan iiepe/pi'iii 6jiokob ,raiiiii,ix moichv MacciiBaMii oafnois h noTOKaMit CLR h 
o6beKTaMH WinRT IBuf f er. /Jjih Hcnojib30BaHHH sthx mctohob pacinupemiH cnenyeT 
BKJiionHTb b HCxoHHbiii icon nnpeKTHBy using System. Runtime. InteropServices. 
WindowsRuntime;: 

namespace System.Runtime.InteropServices.WindowsRuntime { 
public static class WindowsRuntimeBufferExtensions { 
public static IBuffer AsBuffer(this Byte[] source); 
public static IBuffer AsBuffer(this Byte[] source, Int32 offset, 

Int32 length); 

public static IBuffer AsBuffer(this Byte[] source, Int32 offset, 

Int32 length, Int32 capacity); 

public static IBuffer GetWindowsRuntimeBuffer(this MemoryStream stream); 
public static IBuffer GetWindowsRuntimeBuffer(this MemoryStream stream, 

Int32 position, Int32 length); 

} 

} 

Hraic, ecjiH y Bac tiMeeTCH MacciiB Byte[ ] h bbi xothtc nepenaTb ero (Jpvhkhhh 
WinRT, nojiynaiomeH IBuffer, npocTO Bbi30BHTe AsBuffer huh Maccima Byte[], 
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IIo cyra, ccbinKa Ha Byte[ ] ynaKOBMBaeTCH b o6beKT, pcajTH.ayroiUHH HHTepcjieHC 
IBuffer; co/tepacHMoe MaccHBa Byte[ ] npn stom He KonupyeTCH, TaK 'no onepapHH 
BbinojiHaeTCH O'lciib 3(|x))ein iimi(). Aiia. ioni'mijivi o6pa30M, ecjni y Bac n mcctch o6beKT 
MemoryStream, b kotopom ynaKOBaH 6ycj3ep Byte[ ], bm npocTO Bbi3biBaeTe /yin Hero 
Merofl GetWindowsRuntimeBuffer, hto 6 m ccbuiKa Ha 6ycjjep MemoryStream 6buia 3a- 
KJHoneHa b o6beKT, peajni3yiomHH HHTepcj)eHC IBuffer. H CHOBa co/iepacHMoe 6yc})epa 
He KonupyeTCH, nosTOMy onepan,HH oGnajiaer bmcokoh acj^eicniBHOCTbio. CjiCAyromufi 
MeTon aeMOHCTpHpyeT o6e ciTTyannn: 

private async Task ByteArrayAndStreamToIBuffer(IRandomAccessStream winRTStream, 

Int32 count) { 

Byte[] bytes = new Byte[count]; 

await winRTStream.ReadAsync(bytes.AsBuffer(), (UInt32)bytes.Lengthy 
InputStreamOptions.None); 

Int32 sum = bytes.Sum(b => b); // 06pamemne k npoMnuai-iHbiM 6aiiTaM 

// Hepe3 Byte[] 

using (var ms = new MemoryStream()) 
using (var sw = new StreamWriter(ms)) { 

sw.Write("This string represents data in a stream"); 
sw.Flush(); 

UInt32 bytesWritten = await 

winRTStream.WriteAsync(ms.GetWindowsRuntimeBuffer()); 

} 

} 

Hinepcjieiic WinRT IRandomAccessStream peajni3yeT iiiiTcppjieiic WinRT Ilnput- 
Stream, onpe/i,ejiHeMbiH cjie,a,yiomHM o6pa30M: 

namespace Windows.Storage.Streams { 

public interface IOutputStream : IDisposable { 

IAsync0perationWithProgress<UInt32j UInt32> WriteAsync(IBuffer buffer); 

} 

} 

Kor/ia Bbi Bbi3biBaeTe Mera/ibi pacmupemiH AsBuf fer hjiii GetWindowsRuntimeBuffer 
B CBOCM K'0/I.C, 3TH MCTO/l,P)l ynaKOBbIBaiOT PTCXO/U I l>P IT o6beKT B o6beKT, KJiaCC KOTOpOrO 
peajni3yeT nme|w))cii<' IBuffer. 3aTeM CLR co.3/;acT /yin atom o6beKTa o6epTKy CCW 
h iicpc;i,aeT ee (jiymapiiii WinRT API. Koiyui (jpvmapii h WinRT API 3anpaniHBaeT cboh- 
ctbo Buffer nm epcjx'iica IBufferByteAccess /p,.;p^i p i o./iy 'pcip it n yicaaaTC.TH Ha MacciiB 
6aiiTOB, MacciiB (})ii KCiipycTCM b naMHTH, a ero aapec iso.iispamacTCH WinRT API /yin 
oopaineima k yp,;.u 11 p p>im . OinccaniiH ciiiiMac'i ca, icoiyia WinRT API Bbi3biBaeT mcto/p, COM 
Release /yin HHTepijieHca IBufferByteAccess. 

Ecjih Bbi Bbi3biBaeTe (jiymcuwo WinRT API, B03Bpamaiomyio IBuffer, to, cko- 
pee Bcero, caMii /uppi i ii>i c iiaxcy pitch b HeynpaBjineMofi naMHTH, h BaM ipyypccip Mexa- 
HH3M o6pam,eHIIH K 3TIIM AaHHblM 113 ynpaBJIHeMOTO KOAa. pemeHHH 3TOH sa¬ 

il ami cyie/iycT o6paTHTbcn k /ppyiTiM .vieTO/ia.vi paciipeHHH, onpe/tejiHeMbiM KJiaccoM 
WindowsRuntimeBufferExtensions. 

namespace System.Runtime.InteropServices.WindowsRuntime { 
public static class WindowsRuntimeBufferExtensions { 
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public static Stream AsStream(this IBuffer source); 
public static Byte[] ToArray(this IBuffer source); 

public static Byte[] ToArray(this IBuffer source, UInt32 sourcelndex, 

Int32 count); 

// He noi<a 3 aHo: MeTOA CopyTo fl/in nepeAauu 6 aiiT 0 B Mexay IBuffer n Byte[] 

// He noKa 3 aHo: MeTOflbi GetByte, IsSameData 

} 

} 

Mctoa AsStream co3AaeT o6 - beKT, npoH3BOAHbiii ot Stream, KOTopbiii cjiyaaiT o6epT- 
Koii/yia ncxoAHoro o6beKTa IBuffer. IIpn najnrnni TaKoro o6beKTa mosbo o6pamaTbca 
k AaHHbiM IBuffer, Bbi3biBaa Read, Write h npoane noAo6Hbie mctoah Stream. Mctoa 
T oArray bo BHyTpeHHeii peajiH3au,Hii co.3/i,acT Byte [ ], iioc.ie aero KonupyeT bcc 6aHTbi 
H3 ncxoAHoro o6beKTa IBuffer b Byte [ ]; yaTHTe, hto 3tot mctoa pacmripeHiia moacct 
A oporo o6xonHTbca b OTHOineHiiii 3aTpaT na.viH rii h npoiieccopHoro BpeMemi. 

Kiiacc WindowsRuntimeBufferExtensions TaKAce coAepACHT HecKOJibKO neperpy- 
aceHHbix Bepcnii MCTO/ta CopyTo, iio.3ho.ihioippiix KonupoBaTb 6aHTbi moicav IBuffer 
h Byte [ ]; mctoa GetByte, HHTaiomHH AaHHbie H3 IBuffer no OAHOMy 6aiiTy; h mctoa 
I sSameData, cpaBHiiBaiomHH coAepACHMoeAByxo6beKTOB IBuffer. BpaA jih othmctoam 
6vavt uacTO iicnojib30BaTbca b Barniix npiuioacemiax. 

Taioice ctoht ynoMHiivTi) o tom, hto .NET Framework onpeAeAaeT KJiacc System. 
Runtime. InteropServices. WindowsRuntimeBuffer aaa C03AaHiia o6beKTa IBuffer, 
6anTbi KOToporo HaxoAHTca b ynpaBjiaeMOii icyae. TaKAce cymecTByeT KOMnoneHT 
WinRT Windows. Storage. Streams. Buffer aaa C03AaHiia o6beKTa IBuffer, 6aiiTbi 
KOToporo naxo/piTCH b CHCTeMHoii kvhc. CKopee Bcero, 6ojibimiHCTBy paapaooT'Piiicoii 
.NET Framework He nprmeTca ncnojib30BaTb oth Kjiaccbi b cbocm KOAe. 


Onpefle/ieHMe KOMnoHeHTOB WinRT b koa& C# 

JXo HaCTOHUierO MOMCHTa paCCMaTpiIBajIIICb B03M0ACH0CTII IICn0JIb30BaHIIH KOMnOHCHTOB 
WinRT b C#. O.iiiaia) bh raioicc moacctc onpc;i,e.;iHTb KOMnoHCHTbi WinRT b koac C# 
Aim nocaeAyioniero ncnojib30BaHiia b C/C++, C#/Visual Basic, JavaScript h b Apyrnx 
a3biKax. H xoTa oto bo3moacho, ctoht pa3o6paTbca b tom, b KaKrix CHTyaiinax TaKoe 
pememie onpaBAaHO. EianpiiMep, SeccMbicAemro onpeAeaaTb KOMnoHCHT WinRT Ha C#, 
ecA ip oh 6yAeT HcnoAb30BaTbca toabko b Apyrnx ynpaBAaeMbix a3biKax, pa6oTaioniHx 
noBepx CLR. /Rao b tom, hto criCTeMa THnoB WinRT o6. : ia/i,acT cymecTBeHHO MeHbmeii 
(|)yHKn,HOHaAbHOCTbio, orpaHimriBaionieH ee bo3moachocth no cpaBHeHino c chctcmoh 
THnoB CLR. 

H TaKAce CHHTaio, ato 6bmo 6bi Hepa3yMH0 peaAH30BaTb b koac C# KOMnoHeHT 
WinRT, iipc/uia.iibi'pcimi.iii /p,./pm ptcipo. pi>;joh;pipptxi b HeynpaBAaeMOM koac C/C++. Cko- 
pee Bcero, pa.'spaooT'iii kip, niiinymrie cboii p i|) pt.io>kci p ip hi Ha C/C++, criAbHO oa.aoo'tem.i 
npOH3BOAHTeAbHOCTbIO h/hAH 3aTpaTaMH naMATH B CBOHX lipil./10/KCIIIlHX. BpaA ah 
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ohii 3axoraT ncnojib30BaTb KOMnoHeHT WinRT, peajm30BaHHMH Ha ynpaBJiaeMOM 
KOAe, noTOMy [ rro 3to noTpe6yeT 3arpy3Kii CLR b npouecc, a cjicvlohji ic. ii>i id, npimcACT 
k yBejiHHeHiiio 3aTpaT na.\iH'm h CHHacemno ii|i()ii3iio;i,irrc. ; ibii()CTii ii3-3aydopKii Mycopa 
H JIT-KOMnHJIHPHH ICO AH. ITo 3TOH npiPUTTlC MHOme KOMnOHeHTbl WinRT (liK. IIO'iaM 
KOMnoHCHTbi, n xo/i>m uie b nocTaBKy Windows) peajni30BaHbi b i[cyiipaB. ; iac.viOM icoac. 
Kohchho, b HeynpaBJiHCMbix npiuioaceminx C++ MoryT 6biTb nacTii, He CTOJib KpriTHHHbic 
no npoH3BO/i,HTejibHOCTH, h b HeKOTopbix cinyami mx npiiBjieneHiie ())y n fx n n f) i i;i.[ r> n ocr h 
.NET Framework /yin iiom.imeinni npoAyKTiiBHOcra pa3pa6oTKH onpaBAaro. Hanpn- 
Mep, cepBiic Bing Maps 11 cno.ib. 3 ycT HeynpaBjineMbiii koa C++ /u : ia npopucoBKii CBoero 
nojib30BaTejibCKoro HHTepcjieHca c iipii.Yieuemie.\i DirectX, a b pea./ni3ai 1,1111 6ii;iiicc-./io- 
niKH TaKace npriMeHneTcn C#. 

HTaK, no .vioe.viy Miieiimo, Fco.vmoiiem t>i WinRT, peajni30BaHHbieHa C#, jiynmeBcero 
no/i,xo/],HT aah pa3pa6omHKOB npiiAoaceHini Windows Store, KOTopbie CTponT noAb30Ba- 
TeAbCKHH iimepcjieiic cpeACTBaMH HTML h CSS, a 3aTeM ncnoAb3yiOT JavaScript aah 
CBH3biBaHiiH HHTepcjieHca c 6 h 3 hcc -AO f ii ko ii, peaAii30BaHHoii b bhac KOMnoHCHTa WinRT. 
/[pyroii B03MoacHbiH cneiiapnii — iicnojib30BaHiie <))yn k' n it(> 11;i. ii>11ocan cymecTByiomux 
KOMnoHeHTOB FCL H3 npHAoaceHHH HTML/JavaScript. 

PaapaooT'uibn, padoTaiomne c HTML ii JavaScript, yace roTOBbi k 3aTpaTaM naMara 
h CHHaceHHK) npori3BOAHTeAbHOCTH, odycAOBJieHHbiMii Hcnojib30BaHiieM 6pay3epHoro 
HApa. Cnopee Bcero, AOiio.imiTe. : ii)iibie 3aTpaTbi naMHTii h CHiiaceHiie npoH3BOAHTeAb- 
HOCTH H3-3a HCIIO. ; lb30ISai[l1M CLR AAA HHX He 6yAyT KpHTHHHblMII. 

nocTpoeHiie KOMnoHeHTa WinRT Ha C# iia'iiiiiac rcH c coa/yu i h a b Microsoft Visual 
Studio npoeKTa Tima Windows Runtime Component, npn stom co3AaeTCn BnoAHe o6bmHbiii 
npoeKT 6ii6. : iiiotckii kasccob, OAHaico KO.vmn.iin op C# 6yAeT 3anymeH c napaMeTpoM 
KOMaHAHoii CTpoKii /t:winmdobj aah C03AaHim (jiaima c pacmupeHiieM .winmdobj. npn 
iiaaii'iuii 3Toro napaMeTpa Ko.vmiiAinop TaKace reHepupyeT uacra IL-KOAa iina'ic, 'ic.vi 
npn odbiHHOM 3anycKe. I [aiipii.viep, KOMnOHeHTbl WinRT AOoais.iaiOT h y/UL/uiiOT Aeae- 
raTOB codbiTHH He TaK, KaK sto ac.'ihct CLR, iio.stomv KOMmuiHTop bic.iio'iaci Apyroii 
koa b MeTOAbi add h remove co6mthh. no3AHee b stom pa.3AC. : ie a noKaacy, KaK a is no 
peaAH30BaTb MeTOAbi add h remove codbiraii. 

KorAa KOMniiaaTop co3AacT cjiaim .winmdobj, 3anycKaeTca ymnuTa SKcnopTa WinMD 
(WinMDExp.exe), KOTopoii nepeAaiOTcn co3AaHHbie KOMnmiHTopoM cjiaiuibi .winmdobj, 
.pdb ii .xml (doc). nporpaMMaWinMDExp.exe aHaAii3iipyeT MeTaAaHHbie Jiaima n y6eac- 
AaeTcn b tom, tio THnbi cooTBeTCTByiOT iipaiui.;ia.vt chctcm h THnoB WinRT (cm. namuio 
raaBbi). OHa TaKace ii3MeHHeT MCTaAaHHbie, coAepacamiiecn b (jiaime .winmdobj; IL-koa 
npn 3tom oc iac rca Heii3MeHHbiM. loiiopa KOHKpeTHee, bcc THnbi CLR OTodpaacaiOT- 
cn Ha 3KT!msa.;iem iibie THnbi WinRT. HanpiiMep, ccbuiKa Ha Tim .NET Framework 
IList<String> .la.vK'iiMcrca ccbiAKoii Ha ran WinRT IVector<String>. Pe.3y./iiviar 
padoTbi WinMDExp.exe npeACTaBAneT codoii cjiaim .winmd, KOTopbiii MoaceT ncnojib30- 
BaTbca ApyniMii H3biKaMii nporpaMMiipoBamiH. 

CoAepaciiMoe cjiaiuia .winmd MoacHO npocMOTpeTb b nporpaMMe ILDasm.exe. no yMOA- 
naHiiio nporpaMMa ILDasm.exe bmboaht Heo6pa6oTaHHoe coAepacHMoe Jtaiuia, ho c na- 
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paMeTpoM KOMaHflHOH ctpokh /project OHa noKaaceT, KaK 6ya;yT BbirjiHAeTb MeTa/taHHbie 
nocjie npoeiiiipoi;ami a thiiob WinRT Ha aKisiiiia./ieimiijic Tunbi .NET Framework. 

B c;ic/tyiome.M ico/te npo/teMOHCTpupoBaHa peajiH3an,HJi paajni'iiii.ix Ko.vnionem ob 
WinRT Ha C#. B KOMiioiicirrax aanciic'i BOisaiibi MHome bo3mo5khocth, yiiOMiniamime- 
cn b 3toh rnaBe, a MHoromicjieHHbie KOMMeHTaprin oobMCiimox cym npoiicxo/tHmero. 
Ecjih BaM noTpe6yeTca naimcaTb KOMnoHeHT WinRT Ha C#, a peKOMCH/tyio B3HTb npn- 
be/teimbiii koa 3a o6pa.3en. 

BHHMAHME 

Korfla ynpaBJiaeMbM koa Mcno/ib3yeT KOMnoHeHT WinRT, TaKxe HanucaHHbiM Ha ynpaB- 
jiaeMOM KOfle, CLR paccMaipnBaeT KOMnoHeHT WinRT TaK, KaK ec/in 6bi oh 6bm o6biHHbiM 
ynpaB/iaeMbiM KOMnoHeHTOM — to ecTb CLR He C03AaeT CCW m RCW, a c/ieAOBaTe/ibHO, 
He Bbi3biBaeT nepe3 hmx ct>yHKu,MM WinRT API. 3to iipmboamt k 3aMeTHOMy noBbiineHmo 
6biCTpoAeMCTBna. OAHaKO b npopecce TecTHpoBaHMn KOMnoHeHTa cJryHKiiMM API Bbi- 
3biBaiOTCn He TaK, KaK ohm Bbi3biBanMCb 6bi m 3 APyrnx H3biKOB (cxaxeM, m3 C/C++ mtim 
JavaScript). TaxnM o6pa30M, noMMMO3aHnx<eHHbix3aTpaTnaMBTM m CHMxeHMn npoM3BO- 
AMTe/ibHOCTM, ynpaB/meMbiM koa MOxeT nepeAaTb null ct>yHKu,nn WinRT API, TpeOyiomeM 
String — m 3to He npriBeAeT k BbiAane MCicniOHeHMn ArgumentNullException. KpoMe Toro, 
cJ)yHKu,MM WinRT API, pea/iM30BaHHbie b ynpaBJiaeMOM KOAe, MoryT M3MeHHTb nepeAaH- 
Hbie MaccMBbi, m Bbi3biBaiOL4aa CTopoHayBMAMT M3MeHeHHoe coAepxMMoe MaccMBa npw 
B03BpaTe ynpaBaeHMn; o6bNHO CMCTeMa TnnoB WinRT3anpeiAaeTM3MeHeHMe MaccMBOB, 
nepeAaHHbix rtryHKpnfl API. Ha npaKTMKe Bbi CTO/iKHeTecb m c APyrMMM pa3/iMHMnMM, TaK 
HTO 6yAbTe BHMMaTe/lbHbl. 


Mofly^b: WinRTComponents.es 

npuMenaHun: Copyright (c) 2012 by Deffrey Richter 

using System; 

using System.Collections.Generic; 
using System.Linq; 

using System.Runtime.InteropServices.WindowsRuntime; 

using System.Threading; 

using System.Threading.Tasks; 

using Windows.Foundation; 

using Windows.Foundation.Metadata; 

// npocTpaHCTBO nMeH flO/DKHO cooTBeTCTBOBaTb nMeHn c6opKn 
// h 6biTb OT/inHHbiM ot "Windows" 
namespace Wintellect.WinRTComponents { 

// [Flags] // He aoawho 6biTb Ana int; o6fi3aTenbHO aaa uint 
public enum WinRTEnum : int { // nepeHHcneHHB aoakhn 6a3npoBaTbcn 

None, // Ha Tune int hah uint 

NotNone 

} 

// CTpyKTypbl MOryT COAepxaTb TOAbKO OCHOBHbie THnbl AaHHbIX, 

npodonoKemie # 
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// String n flpyrne CTpyKTypbi. 

// KoHCTpyKTopbi n MeTOflbi 3anpemeHbi. 
public struct WinRTStruct { 
public Int32 ANumber; 
public String AString; 

public WinRTEnum AEnum; // B AeficTBHTenbHOCTM npocTO 
} // 32-pa3p«flHoe penoe 

// B cnrHaType peneraTOB aoajkhn coflepjKaTbcn WinRT-coBMecTnMbie Tnnbi 

// (6e3 Beginlnvoke/Endlnvoke) 

public delegate String WinRTDelegate(Int32 x); 

// HHTep<|)encbi MoryT coflep>KaTb mbtoan, cBoiicTBa n co6biTHA, 

// HO He MOryT 6blTb 06 o 6 meHHblMH . 
public interface IWinRTInterface { 

// Nullable<T> npoflBHraeTcn xaK IReference<T> 

Int32? InterfaceProperty { get; set; } 

} 

// HneHbi 6e3 aTpn6yTa [Version(#)] no yMOnnaHnio ncnonb3yiOT Bepcnio 
// Knacca (1) w ABnaiOTCfl nacTbio opHoro Hkixenexamero MHTepijjeiica COM, 

// co3flaBaeMoro nporpaMMoti WinMDExp.exe. 

[Version(l)] 

// K/iaccbi aoajkhn 6biTb npon3BOAHbiMn ot Object, 3aneHaTaHHbiMM, 

// He o6o6meHHbiMM, ao/dkhn peanM30BaTb TOAbKO niHTep^eficbi WinRT, 

// a OTKpbiTbie HneHbi AOAXHbi 6biTb TkinaMM WinRT 
public sealed class WinRTClass : IWinRTInterface { 

// OTKpbiTbie nonn 3anpeineHbi 

ttregion Knacc MO>KeT npeAOCTaBAATb CTaTHnecKwe MeTOAbi, CBoiicTBa n co6ntmh 
public static String StaticMethod(String s) { return "Returning " + s; } 
public static WinRTStruct StaticProperty { get; set; } 

// B lavaScript napaMeTpbi 'out' B03BpamaiOTCfl b bmap o6beKTOB; 

// Ka>KAbiii napaMeTp CTaHOBMTcn cbohctbom HapAAy c B03BpamaeMbiM 3HaneHneM 
public static String OutParameters(out WinRTStruct x, out Int32 year) { 
x = new WinRTStruct { AEnum = WinRTEnum.NotNone, ANumber = 333, 
AString = "leff" }; 
year = DateTimeOffset.Now.Year; 
return "Grant"; 

} 

#endregion 

// KoHCTpyKTop MOxeT noAynaTb apryMeHTbi, KpoMe out/ref 

public WinRTClass(Int32? number) { InterfaceProperty = number; } 

public Int32? InterfaceProperty { get; set; } 

// nepeonpeAensTbcfl MOweT TOAbKO MeTOA ToString 
public override String ToStringQ { 

return String.Format("InterfaceProperty={0}", 

InterfaceProperty.HasValue ? InterfaceProperty.Value.ToStringQ : 
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"(not set)"); 

} 

public void ThrowingMethodQ { 

throw new InvalidOperationException("My exception message"); 

// HT 06 bl BblflaTb MCK/lKJHeHMe C KOHKpeTHbIM KOflOM HRESULT, 

// ucnonb3yiiTe COMException 

//const Int32 COR_E_INVALIDOPERATION = unchecked((Int32)0x80131509); 

//throw new COMException("Invalid Operation", COR_E_INVALIDOPERATION); 

} 

ttregion MaccuiBbi nepeaaiOTca, B03BpamaK)TCB H/1M 3ano/iHfliOTCfl; 6e3 KOM6nHauuii 
public Int32 PassArray([ReadOnlyArray] /* noflpa3yMeBaeTCfi [In] */ 

Int32[] data) { 
return data.SumQ; 

} 

public Int32 FillArray([WriteOnlyArray] /* noflpa3yMeBaeTCB [Out] */ 

Int32[] data) { 

for (Int32 n = 0; n < data.Length; n++) data[n] = n; 
return data.Length; 

} 

public Int32[] ReturnArrayO { 
return new Int32[] { 1, 2, 3 }; 

} 

ttendregion 

// Ko/i/ieicumi nepeflaurrca no ccbi/ixe 

public void PassAndModifyCollection(IDictionary<String, Object> collection) { 
collection["Key2"] = "Value2"; // Ko/i/ieKUkin u3MeHneTCB "Ha MecTe" 

} 

ttregion neperpy3Ka MeTOflOB 

// neperpy>KeHHbie Bepcwu c oflMHaKOBbiM KO/iMsecTBOM napaMeTpoB 
// JavaScript cnuTaeT MfleHTMHHbiMu 
public void SomeMethod(Int32 x) { } 

[Windows.Foundation.Metadata.DefaultOverload] // MeTOfl Ha3HaHaeTCB 
public void SomeMethod(String s) { } // neperpy3K0ii no yMOnnaHmo 

ttendregion 

ttregion ABTOMaTniHecKaa pea^n3auun co6biTna 
public event WinRTDelegate AutoEvent; 

public String RaiseAutoEvent(Int32 number) { 

WinRTDelegate d = AutoEvent; 

return (d == null) ? "No callbacks registered" : d(number); 

} 

ttendregion 

ttregion PyHHaa pea/iu3auuR co6biTna 

npodojincenue & 
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// 3aKpbiToe none aar OTcnexuiBaHMR 3apernCTpnpoBaHHbix fle/ieraTOB co6biTHR 
private EventRegistrationTokenTable<WinRTDelegate> m_manualEvent = null; 

// PyMHafl pea/in3apnfl MeTOflOB add n remove 
public event WinRTDelegate ManualEvent { 
add { 

// no/iyneHne cymecTByioinen Ta6nnubi (ham C03flaHne hobom, 

// ecnn Ta6nnua eme He nHnunann3npoBaHa) 
return EventRegistrationTokenTable<WinRTDelegate> 

.GetOrCreateEventRegistrationTokenTable(ref m_manualEvent) 

.AddEventHandler(value); 

} 

remove { 

EventRegistrationTokenTable<WinRTDelegate> 

.GetOrCreateEventRegistrationTokenTable(ref m_manualEvent) 

.RemoveEventHandler(value); 

} 

} 

public String RaiseManualEvent(Int32 number) { 

WinRTDelegate d = EventRegistrationTokenTable<WinRTDelegate> 
.GetOrCreateEventRegistrationTokenTable(ref 
m_manualEvent).InvocationList; 
return (d == null) ? "No callbacks registered" : d(number); 

} 

ttendregion 

ttregion Asynchronous methods 
// ACHHXpOHHbie MeTOAbl flO/DKHbl B03BpamaTb 
// IAsync[Action|Operation](WithProgress) 

// nPHMEHAHHE: Apyrwe A3biKM bhart DataTimeOffset xax 
// Windows.Foundation.DateTime 

public IAsyncOperationWithProgresscDateTimeOffset, Int32> 
DoSomethingAsync() { 

// McnoAb3yiiTe MeTOAbi Run Knacca 

// System.Runtime.InteropServices.WindowsRuntime.AsyncInfo 
// AAR Bbl30B3 3aKpblTOTO MeTOAR , HanMCaHHOrO MCKAKDHHTeAbHO 
// Ha ynpaBAReMOM KOAe. 

return AsyncInfo.Run<DateTimeOffset, Int32>(DoSomethingAsyncInternal) 

} 

// PeaAM3apnR ackiHxpoHHoPi onepapnn Ha 6a3e 3aKpbiToro MeTOAa 
// C MCn0Ab30BaHHeM 06 blHHblX TeXHOAOrUlii .NET 

private async Task<DateTimeOffset> DoSomethingAsyncInternal( 
CancellationToken ct, IProgress<Int32> progress) { 

for (Int32 x = 0; x < 10; x++) { 

// noAAep>KKa OTMeHbi w onoBemeHMki o xoAe BbinoAHeHHR 

ct.ThrowlfCancellationRequested(); 

if (progress != null) progress.Report(x * 10); 

await Task.Delay(10@0); // MMHTauniR acMHxpoHHbix onepauinii 


} 
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return DateTimeOffset.Now; // MToroBoe B03BpamaeMoe 3HaHeHne 

} 

public IAsyncOperation<DateTimeOffset> DoSomethingAsync2() { 

// E cam OTMeHa m onoBemeHMH He HyxHbi, Mcno/ib3yMTe 
// MeTOflbi paciuHpeHMB AsAsync[Action |Operation] 

// K/iacca System.WindowsRuntimeSystemExtensions 
// (ohm Bbi3biBaK)T Asynclnfo.Run b cBoePi BHyTpeHHen pea^M3auMn) 
return DoSomethingAsyncInternal(default(CancellationToken), 
null).AsAsyncOperation(); 

} 

ttendregion 

// noc/ie pacnpocTpaHeHMH BepcMM HOBbie H/ieHbi c/ieayeT noMesaTb 
// aTpM6yTOM [Version(#)], hto6n nporpaMMa WinMDExp.exe 
// noMema/ia HOBbie H/ieHbi b apyroM MHTepcjjeMC COM. 3 to Heo6xoaMMO, 

// nOCKOAbKy MHTepc|)eMCbl COM AOAWHbl 6blTb HeM3MeHHblMM . 

[Version(2)] 

public void NewMethodAddedInV2() {} 

} 

} 

CjienyiomiiH koa JavaScript AeMOHCTpnpyeT o6pameHira ko bccm npeACTaBjieHHbiM 
KOMnoHeHTaM h Jivhkhhhm WinRT. 

function () { 

// Ana yflo6cTBa o6pameHMB k npocTpaHCTBy MMeH b Koae 
var WinRTComps = Wintellect.WinRTComponents; 

// 06pameHMe k CTaTMnecKOMy MeToay m cBOMCTBy Tuna WinRT 

var s = WinRTComps.WinRTClass.staticMethod(null); // JavaScript nepeaaeT "null"! 
var struct = { anumber: 123, astring: "Jeff", aenum: 

WinRTComps.WinRTEnum.notNone }; 

WinRTComps.WinRTClass.staticProperty = struct; 
s = WinRTComps.WinRTClass.staticProperty; // 06paTHoe HTeHMe 

// Ecam MeTOfl MMeeT BbixoaHbie napaMeTpbi, ohm m B03BpamaeMoe 3HaneHMe 

// nepeaaioTCH b BMfle cbomctb o6beKTa 

var s = WinRTComps.WinRTClass.outParameters(); 

var name = s.value; // Bo3BpamaeMoe 3HaneHMe 

var struct = s.x; // [JapaMeTp 'out' 

var year = s.year; // flpyroM napaMeTp 'out' 

// Co3flaHMe 3K3eMn/inpa KOMnoHeHTa WinRT 

var WinRTClass = new WinRTComps.WinRTClass(null); 

s = WinRTClass.toString(); // Bn30b ToStringQ 

// Bbiaana m nepexBaT MCK/iHDneHMM 
try { WinRTClass.throwingMethod(); } 
catch (err) { } 

// nepeflana MaccMBa 
var a = [1, 2, 3, 4, 5]; 

npodojincenue & 
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var sum = winRTClass.passArray(a); 

// 3ano/iHeHne Maccuma 

var arrayOut = [7, 7, 7]; // nPHMEHAHME: fillArray bihaht Hy/in! 

var length = winRTClass.fillArray(arrayOut); // npn B03BpaineHnw 

// arrayOut = [0, 1, 2] 

// Bo3Bpamemne MaccuBa 

a = winRTClass. returnArrayO; // a = [ 1, 2, 3] 

// nepeflana Ko/i/ieKpun c M3MeHeHMeM 3/ieMeHTOB 

var localSettings = Windows.Storage.ApplicationData.current.localSettings 

localSettings.values["Keyl"] = "Valuel"; 

winRTClass.passAndModifyCollection(localSettings.values); 

// npn B03BpameHnn localSettings. values coflepxnT 2 napbi "K/noH/3Ha*HeHne" 

// Bbi30B neperpy*eHHOro MeTOfla 

winRTClass.someMethod(S); // Bbi3biBaeT SomeMethod(String), nepeflaBas 

// Mcno/ib30BaHne co6biTn« c aBTOMaTunecKoii pea/iM3auneii 
var f = function (v) { return v.target; }; 
winRTClass.addEventListener("autoevent" J f, false); 
s = winRTClass.raiseAutoEvent(7); 

// Mcno/ib30BaHne co6biTnn c pyMHoti pea/in3auneii 
winRTClass.addEventListener("manualevent", f, false); 
s = winRTClass.raiseManualEvent(S); 

// Bbi30B acuHxpoHHoro MeTOfla c noflAepjKKoti onoBemeHHM o xoAe BbinoAHeHHS, 

// OTMeHbl H 06 pa 60 TKH ouim6ok 

var promise = winRTClass . doSomethingAsyncQ; 

promise.then( 

function (result) { console.log("Async op complete: " + result); }, 
function (error) { console.log("Async op error: " + error); }, 
function (progress) { 

console.log("Async op progress: " + progress); 

//if (progress == 30) promise.cancel(); // npoBepica OTMeHbi 

}); 


} 



HACTb V 

MHOrOnOTOHHOCTb 


fnaBa 26 . IIotokm McnojiHeHnsi. 724 

fnaBa 27 . AcmixpoHHbie BbiHMcnMTenbHbie 

onepapi/m . 747 

fnaBa 28 . AcmixpoHHbie onepaumi BBOfla-BbiBOfla ... .787 

fnaBa 29 . llpi/iMMTi/iBHbie kohctpykumm 

CMHXpOHM3ai4MM nOTOKOB. 820 

fnaBa 30 . fuOpuAHbie kohctpykumm 

CMHXpOHM3ai4MM nOTOKOB. 854 










fnaBa 26. IIotokm ucno/iHeHi/m 


B 3TOH rjiaBe bm no3HaKOMHTecb c nomoKtmu ucnojmeHux, hjih npocro nomoKU (threads) 1 . 
Mh noroBopriM o tom, iioaeviy b Microsoft Windows noHBiuiacb Koim,eim,iia noTOKOB, 
o TenzieHnnax pa3BHTHH npopeccopcB, o liaaii.viooTiiomeimax noTOKOB o6meH3biKOBoii 
oci[o. iilalomeii cpe,a,bi (CLR-noTOKOB) h Windows-noTOKOB, o .qonojiHHTejibHbix 3 a- 
TpaTax pecypcoB npn Hcnojib30BaHiin noTOKOB, o njiairnpoBainin ncno/memm noTOKOB 
b Windows, o K/iaccax .NET Framework, iipenocTaii./niiomiix /[octvii k CBoiicTBaM no- 

TOKOB, H O MHOTOM ApyrOM. 

B rnaBax mnoii nacni KHiirn odbacHaeTca, i/ainiM o6pa30M Windows ii3aiiM0/[,cii- 
CTByeT c CLR ,yia (j)op.vinpoBami 3 apxHTeKTypbi noTOKOB. Haneiocb, nocjie nponTcnuM 
3thx rnaB Bbi nojiynriTe/[OCTaxo'ino mKjiop.viaiui 11 /yi 3 3()M):)CKTnm[oro iipu.vteneima no- 
tokob h co3/i,aHHH HaaeacHbix, pacmiipaeMbix npruioacemiii h KOMnoHeHTOB, onepaTHBHO 
peanipyiomux Ha pc ii ex m i 3 iio.ibaoiiaxcoa. 


fl/iq Hero Windows noAAep>KMBaeT noTOKn? 

Ha 3ape KOMnmoTepHOH apbi onepan,HOHHbie cucTeMbi He no/mepatHBajiH KOHiiennino 
noTOKOB. To'inec, cyniecrboisa./i Bcero o/um noTOK HcnojiHemrH, ooc./iy/K'nisaioiuiiii KaK kop 
onepan,HOHHoii cucTeMbi, TaK h ko/i, iipii./io>Kcnnii. B peay/i maxc .aa/taunc, m.iiio. incmic 
KOToporo '[pcooiia./io ii|)CMCim, npenaTCTBOBa/io m.iiio. inemiio ppyrux .aa/tamm. K npn- 
Mepy, bo ispeviena 1d-paapnpFioii cucTeMbi Windows oobemnii 6bma cmyaniiH, Korpa 
paciiciai biiiaiomcc poKy.vtcin iipii./io/Keime npnocTaHaB/mBa/io padoTy Bceii MamHHbi. 
Onepau,HOHHaH CHCTeMa h ocTaubHbie iipu./io/Kemi 3 npocTO «3aiinca./m». A ecjin n/tpy r 
b npHjioaceHHH nos.miKa.aa omiiOKa, KOTopaa npHiiopHJia k occKoiicMiio.viy u,HKJiy, OHa 
Boodipe nopoacpajia Maccy npod/ieM. 

I io./ncsobaTe. : iio ocTaiia/ioci, To./ibiai nepe3arpy3HTb KOMiibiOTcp, HaacaB KHonKy Reset 
hjih libiK. iioaaTCJib mnamia. Paay.viecTca, nojib30BaTejm i[ciiaiiu/[,e/m TaKiie ciiTyanmi 
(h i[|)0/[,0./i>K'ai0T iieiiamipcTb po chx nop), noTOMy 'no Bee 3anymeHHbie i[|)ii./io>Kcmi 3 
npn 3tom aBapniiHO 3aBepmajiiicb, a odpadaTbiBaeMbie paHHbie CTiipajincb H3 naMHTii. 
B Microsoft nomiMajiii, hto 16-pa3papHaH njiaT(J)opMa Windows HepocTaTOHHO xopoma, 
HTodbi ypcp>icaxb KOMnaHiiio Ha ii. iany b xope paPbHeftniero pa3BHTHH KOMnwoTepHOii 
HH/iycxpiiH, no.3TO.viy dbijio pemeHO coapaxb HOByio onepan,HOHHyio cucTeMy, ypoBpeT- 
Bopaiomyio noTpedHOCTii KaK Kopnopau,iiH, TaK h OTpejibHbix nojib30BaTejieH. OHa 
pojiacHa dbuia dbiTb ycToihniBOH, HapeacHoii, pacmupaeMoir, de3onacHoii h H3daBJieHHoii 


1 He nyTarb c noTOKaMH BBopa-BMBopa (streams). — FlpuMen. ped. 
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ot 60.1 1)m it i k"[ na iie/tocraTKOis cisocii njxyimecTiseiiminbi. Hupo stoh onc|)ai 1,1101 moii 
CHCTeMbi BnepBbie 6buio BbinymeHO b cocTaise Windows NT. C roAa.vi h sto hapo npe- 
Tcpncaio MHoacecTBO ooiioii. remiii h npiiodpeAO AonoAHiiTCAbHbie bo3moachocth. ITo- 
CJieAHHH BepCIIH MAP a IIOCTaiS./IHCTCM C nOCJieAHHMH BepCIIHMH Onepan,IIOHHbIX CHCTeM 

Windows aah KJineHTa h cepBepa. 

IIpii pa3pa6oTKe HOBoro HApa onepan,noHHoii ciiCTCMbi 6buio pemeHO 3anycKaTb 
i<a'/KAi)iii 3K3cmi[. im|) npHAOJKCiiHM b otacaimiom npou,ecce (process). npon,eccoM Ha- 
3)i)iisacTCM nadop pecypcoB, ncnoAhaycMbm OTAeAbHbiM 3K.3e.vniAMpo.vi npiiAOAceHiiH. 
KaacAOMy npon,eccy BbmeAHeTCH BiipTyaAbHoe aApecHoe npocTpaHCTBo; sto rapaHTii- 
pyeT, ato koa h AaHHbie OAHoro npon,ecca 6yAyT HeAOCTynHbi aah Apyroro. 3to AeAaeT 
npiiAoaceHiiH oricaaovcic)ii ahbhm 11 , nocKOJibKy npii TaKOM noAXOAe oahh npon,ecc He 
MoaceT noBpeAHTb koa hah AaHHbie Apyroro. Koa h AaHHbie HApa TaKAce HeAOCTynHbi 
aah npon,eccoB; a 3HaAiiT, koa npHAOAceHHH He b coctohhiiii noBpeAHTb koa hah AaHHbie 
onepan,iiOHHOH CHCTeMbi. 3to ynpomaeT padoTy Kononibix noAb30BaTeAeii. CucTeMa 
CTaHOBHTCH TaKAce 6o. : iec 6e3onacHOH, noTOMy ato koa npoH3BOAbHoro npiiAOAceHim 
He HMeeT AOCTyna k HMeHaM noAb30BaTeAeii, napoAHM, iiH4)opMaii,Hii kpcahthoh KapTbi 
HAH IIHblM KOHtjMIAeHUIiaAbHblM AaHHbIM, C KOTOpbIMH padOTaiOT APyCHC npiIAOACeHHH 

hah caMa onepan,noHHaji cricTeMa. 

A ato c neinpaMbiibiM nponeccopoM? 4 to ec./i 11 npiiAOAceHiie bohactb occKonc'iiibiii 
Uiika? Ecah nponeccop Bcero oahh, npiiAOAceHiie6yAeT isbino. iiiM i b stot decKoiie'iiibiii 
HHKA H He CMOACeT yACAHTb BHIIMaHIie APyCHM Onepail,IIHM. HeCMOTpn Ha OneBHAHbie 
nperiMymecTBa (HenoBpeACAeHHbie AaHHbie h 6o./ice BbicoKaa CTeneHb 6e3onacHOCTH), 
CHCTeMa, KaK h ee iiptyonecTbciimmbi, He cmoacct peanipoBaTb Ha AciicTmi m KoneMiiom 
noAb30BaTeAH. /(ah peineHHH stoh i 1 ])o 6 ./rc.vi r>i h 6 bi. ni npHAyMaHbi noTOKii. M.vieimo 
nomoK CTaA toh KOHuenipieH, Korapaa npeAHa3HaaeHa aah BiipTyaAH3an,iiii npon.ec- 
copa b Windows. KaACAOMy Windows-nponeccy BbiAeAaeTca codcTiscmibiii noTOK hc- 
noAHeHHH (KOTopbiii paocrracT KaK BiipTyaAbHbiii nponeccop). Ecah koa npiiAOAceHiiH 

BOHAeT B OCCKOlie'lllblii UIIKA, TO 6./IOKIipyCTCM TOAbKO CBH3aHHblii C 3THM KOAOM npo- 
necc, a ocTaAbHbie nponeccw ( iiciio.tiimioihiiccm b coder Bcmibix noTOKax) npoAOAAcaiOT 
cjayHKUHOHHpOBaTb! 


PecypcoeMKOCTb iiotokob 

IIotokii — 3aMenaTeAbHoe ii3o6peTeHiie; BCAb iimchho 6AaroAapH iim Windows pearnpyeT 
Ha Hainii achctbiih AaAce uccMorpM Ha to, ato OTAeAbHbie npiiAOAceHiiH MoryT dbiTb 3 a- 
HHTbl IICnOAHeHIieM AAHTCAbHblX 3aAaHIlii. KpOMC TOTO, C nOMOIUblO OAHOTO npiiAOAceHiiH 
(HanpiiMep, AncneTAepa 3aAaA) moacho npiiHyAHTeAbHO npeKpaTiiTb pa6oTy Apyroro npn- 
AOAceHiiH, ecAii oho nepecTaeT OTiseiaTb Ha 3anpocbi. OAHaKo KaK h .iiodbie MexaHii3Mbi 
BiipTyaAH3aijHH, noTOKii noTpednaiOT AonoAHiiTeAbHbie pecypcbi, Tpedya npocTpaHCTBa 
(naMHTH) II BpeMeHII (CHIIACaH npOH3BOAHTeAbHOCTb CpeAbI HCnOAHeHIIH). 

PaCCMOTpHM 3TH npodACMbl 6oAee IIOAPOOIK). KaACAblil nOTOK COCTOHT H3 HCCKOAb- 


KHX AaCTeH. 



726 QiaBa 26. floTOKM ncno/iHeHnn 


□ Odbeicr si/ipa noTOKa (thread kernel object), /[. im Ka/KAoro co3Aamroro b Heft noTOKa 
oiiepannoimaM cncTeMa BbiaejiaeT h HHHnHaAH3HpyeT 0/1,1 iy H3 CTpyKTyp /iamn>ix. 
Ha6op CBOftCTB 3TOft CTpyKTypbl (o HIIX MbI nOrOBOpHM 'I V'I'b II03/KC) OnHCbIBaeT no- 
tok. CTpyKTypa conepacHT raioice TaK Ha3biBaeMbift kohtckct noTOKa, to ecTb 6/101/ 
naMHTH c HadopoM perncrpoB nponeccopa. Ha Manurne c nponeccopoM x86, x64 
h ARM KOHTeKCT noTOKa 3aHHMaeT okoao 700, 1240 h 350 6aftT cooTBeTCTBeHHO. 

□ Ejiok oicpy/iceiiHsi noTOKa (Thread Environment Block, TEB). 3to mccto b naMH¬ 
TH, Bbi/i,ejieHHoe h HHHHiiajni3HpoBaHHoe b nojib30BaTenbCKOM pc/Kn.\ic (a/tpeciioe 
npocTpaHCTBO, k KOTopoMy HMeeT dbiCTpbift yocTyn 1/0/1, ii|)ii. : io/Kemift). 3tot 6.101/ 
3aHiiMaeT 0/1,1 iy CTpannuy naMHTH (4 Koairr aah nponeccopoB x86, x64 h ARM). 
Oh coyep/KHT aai'o/ioiioi/ nenouKH oopaoo'n/n n c K a 10 n c h n ft. Kaa/nbift 6jiok try, 
b KOTopbift bxoaht noTOK, BCTaBjiHeT CBoft yae/i b 1 pa/ta/io ne 11 O'1101. Kor/i,a noTOK bh- 
xoaht h3 6/101/a try, yae/i H3 hchomi/h vAa/iHCTCH. Tai/zi/e TEB conepacHT /loi/a.uapoe 
xpaiiH/iHinc /i,aiiiiP)ix jsji h noTOKa h HeKOTopme CTpyKTypbl /uiiiiipjIx, Hcno/ib3yeMbie 
HHTepcj)eftcoM ipaij) ii 'pcci/h x ycTpoftcTB (GDI) h rpacjniKoft OpenGL. 

□ Ctck nojib30BaTejibCKoro pe>KH.via (user-mode stack). npriMCHHeTCH aah xpaHeHHH 
nepeflaBaeMbix b MeTOAbi /iOKa/ibHbix nepeMCHHbix h apryMCHTOB. TaKHce oh coflepaciiT 
a/ipec, noKa3biBaiorHHft, OTKyAa HanHeT Hcno/iHCHne noTOK noc/ie Toro, KaK tckviiimm 
M eTOA B03BpaTHT ynpaBAemie. no yMO/iaamno Ha K'a>pc/i,p>iii ctck pio. ip> 30lia/i cx/p p>c ic/ ppx> 
pe/KHMa Windows BbmeAneT 1 MdaftT naMHTH (a TOHHee, pe3epBiipyeT 1 MdaftT na¬ 
MHTH h /p,o6aii.iHCT (hiiaii'peci/yio naMHTb no Mepe hcoOxoahmocth npn pocTe CTeKa). 

□ CieK pe/KHMa si/ipa (kernel-mode stack). Hcno/ib3yeTCH, Kor/i,a koa npnjioaceHHH 
nepe/i,aeT apryMCHTbi b cjiyHKniHO onepannoHHoft ciicTeMbi, HaxoAHinyiocH b peaoiMe 
HApa. /E/pm 6e3onacHOCTH Windows KonupyeT Bee apryMeHTbi, nepenaBaeMbie b hapo 
KOAOM B ll(). ; ll)3»()lia/IC. : lbCKOM pC/ICIIMC, H3 CTCKa nOTOKa ll0. ; IP)30lia'IC. : lbCI/0l'0 pC/ICII.Via 
b ctck pe>Kn.via HApa. I loc/ie KonupoBaHiiH HApo npoBepneT 31 p/imciiit ai apryMeHTOB. 
TaK KaK koa ii|:)ii. ; io/Kemia He HMeeT AOCTyna k CTeKy poiCH.via HApa, pi ]) pi./po/pccii ne He 
B COCTOHHHH H3MeHIITb V/KC npOBepeHHbie apryMeHTbi, H C HHMH lia'lllliae'l' pa6o- 
TaTb koa HApa onepan,iioHHoft chctcmh. KpoMe toto, HApo Bbi3biBaeT co6c'i isciiiii<i(‘ 
MeTOAbi h Hcno/ib3yeT ctck pe/i/HMa HApa aah nepenaun AOKa/ibHbix apryMeHTOB, 
a TaK see aah coxpaHeHHH /iOKa/ibHbix nepeMeHHbix (j:)viii/niin h odpa/moi 0 aApeca. 
B 32-pa3pHAHoii Bepcrni Windows ctck peaciiMa HApa 3aHHMaeT 12 KdariT, a b 64-pa3- 
pHAHoft — 24 KoaiPT. 

□ YBeAOMJieHHH o C 03 ABHHH h 3 aBepiueHHH noTOKOB. I lo/iii i iii/a Windows TaKOBa, 
hto ec/i 11 b nponecce C 03 AaeTCH noTOK, to aah Bcex aaipyzi/eipipi.ix b stot nponecc 
DLL-6n6AHOTeK Bbi3biBaeTCH mctoa DllMain h b Hero nepeAacTCH <j)Aar DLL_THREAD_ 
ATTACH. CooTBeTCTBeHHO, npn 3 aBepmeHHii noTOKa 3 TOMy MeTOAy nepeAaeTCH yace 
()). i;i l' DLL_THREAD_DETACH. I lo/I WPa/l yBeAOMAeHIIH 06 3 THX Co6bITHHX, HeKOTOpbie 
DLL-6ii6AHOTeKH bbihojihhiot cneHiiaAbHbie onepanHH n 1 111 ip pi a/i 11aa 1 p 1111 hah 
ohhctkh aah KaacAoro co 3 AaHHoro/ 3 aBepmeHHoro b nponecce noTOKa. K npriMepy, 
DLL-oiio/iiioiCKa C-Runtime hpjIac/ihct mccto noAxpaHHAHine.10 kxi. pp>ipi>ix coctoh- 
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HHH nOTOKa, IICOOXO/tHMOC /[/HI HCn0JIb30BaHim nOTOKOM cfiyilKUHH H3 yKa3aHHOfi 
SudjIHOTeKH. 

Ha 3ape paamriTHi Windows b npouecc 3arpyacajiocb 5 hjih 6 6ii6./iiiotck', b to ispe.vui 
KaK b Hainii /am HeKOTopbie npoueccbi m/.iio'iaiOT b ccom iiccko. ii.ko cotcii 6ii6;iiiotck. 
C’Ka>i(CM, b a/ipcciioc npocTpaHCTBO npiuioaceram Microsoft Visual Studio Ha mocm 
KOMnbiOTepe a.aipyaceno okojio 470 DLL-6H6jiiiOTeK! 3to 03HanaeT, uto co.'s/uimibiii 
b /i,aHHOM npHjioaceHHH hobbih noTOK nojiyunT B03M05KH0CTb npucTyniiTb k CBoeii 
paoorc TOJibKO nocne Bbi30Ba 470 (fiyuKUUu H3 DLL. no 3aBepineHiin nOTOKa b Visual 
Studio Bee sth (jiviiKioiii 6yjsyr Bbi3BaHbi CHOBa. PaaN'MCCTCu, sto iic mo>kct He BjiHHTb 
Ha npoH3BOAHTejibHOCTb coa/i/uin a h aaisepmemui noTOKOB b npouecce 1 . 

Tenepb bbi isn/urrc, KaKnx 3aTpaT BpeMeHii h iiaMsrrn ctoht coa/i/ume nOTOKa, ero 
iio/mep/Kaiiiie b CHCTeMe h 3aBepineHiie. Ho Ha caMOM uc/ie cmyauua eme xy>icc H3-3a 
HeodxoAHMOCTH nepeKJimneHun Konmexcma (context switching). KoMnbiOTep c oahhm 
npoueccopoM mo/kct o/uioispe.vieimo isi.iiio. iiim ti, tojh>ko tio-to o;i,iio. Care/LOiiaacajitaito, 
onepan,HOHHaji cncTeMa uo/iacHa pacnpeuejiHTb (jumHuecKiiH npoueccop Meac/iy bccmh 
CBOHMii noTOKaMH (jiorHuecKHMH npoueccopaMii). 

B npoii3BOJibHbiH momcht BpeMeHii Windows nepeaaeT 11 1)0 1 jeccopy Ha ncnojiHeHiie 
o/[,ii [r noTOK. 3 tot noTOK iiciio.inaeTca b tc'ichhc HeKOToporo BpeMeHHoro iiHTepBajia, 
mior/pi Ha3biBaeMoro mmmoM (quantum). I Iocjie aaisepmemui axom iiHTepBajia koh- 
TeKCT Windows nepeK/nonaeTCH Ha .ipyroii noTOK. 11pit stom o6a3aTC.;ii,iio iiponcxo/un' 
ejie/iyiomec: 

1. 31laaeiinai peoiCTpoB npoueccopa nciio. iiiaioiuemcM b .xaniibiii momcht nOTOKa co- 
xpaHJHOTcn b CTpyKType KOHTeKCTa, KOTopan pacnojiaraeTCu b nape nOTOKa. 

2. H3 Hadopa hmcioiuhxch noTOKOB BbiaejineTCH tot, KOTopoMy 6ya,eT nepeuaHO ynpaB- 
jieHiie. Ecjih BbidpaHHbiii noTOK npiiHa/yieacHT upyroMy npoueccy, Windows nepe- 
KjnonaeT ujih npoueccopa BiipTyajibHoe aupecHoe npocTpaHCTBO. TojibKO nocjie 3Toro 
B03M03CH0 BbinOJIHeHIIC KaKOrO-jm6o KOfla HJIH UOCTVII K KaKHM-JHl6o UaHHbIM. 

3. 31 la'ici i n ai H3 BbidpaHHOii CTpyKTypbi KOHTeKCTa nOTOKa 3arpyacaiOTCJi b pemcTpbi 
npoueccopa. 

nocjie iicpeK.iio'ieiiua KOHTeKCTa npoueccop uciio. iiiaci isbmpamibiii noTOK, noua 
He HCTeueT BbmejieHHoe noTOKy ispe.vui, nocjie 3Toro CHOBa npoHCxounT iiepeK.iio'iemie 
KOHTeKCTa. Windows uejiaeT sto npimepHO Kaacubie 30 mc. HiiKaKoro Bbiiirpbiina b npo- 

H3BOUHTejIbHOCTH HJIH I rO i pt'OJICI I IT IT lia.VUITH IICpCKMIO'ICime KOHTeKCTOB He /I/1CT. Oho 


1 Bn6jinoTeKii jum C# h OojibiiiHHCTBa apyrux ynpaB/meMbix H3HKOB nporpaMMupoBamiH He 
HMeiOT MeToaa DllMain, noaTOMy ynpaBJiaeMbie DLL-6n6jiHOTeKH He ncuiyuaiOT yBe/iOMjieHHii 
DLL THREAD ATTACH h DLL THREAD DETACH. Hto xce KaeaeTCH iicyiipaii. uic.Mbix 
6ii6jniOTeK, to npn noMomu Win32 -(hyHKUioi DisableThreadLibraryCalls ohh MoryT OTKjnonaTb 
pexciiM nojiyneHHH yBe/iOMjieHHft. K coxajieHino, MHonie pa3pa6oTUHKii HeynpaBjiaeMoro Koaa 
He Hcnojib3yiOT 3Ty (fiyHKijHio npocxo noTOMy, hto He 3HaiOT o Heft. 
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Tpe6yeTCH tojimco /yin Toro, HTodbi oncpaiinoimaM ci-iCTeMa dbuia iiaaoKiioii h 6biCTpo 
pearnpoBajia Ha achctbh a Koiie'iiibix nojib30BaTejieii. 

Ecjih noTOK KaKoro-TO ii|)ii./io>Kcima 3aH,iiKJiiiBaeTCH, Windows ero ncpiio/i.n'iccKii 
BbirpyacaeT h i icpe/tacT npoiteccopy /tpvToii noTOK /pin iiciio. meima. K npnMepy, oto 
mo>kct 6biTb noTOK /pici iCT'iepa 3 a/urn, iio.sbo. iMiomcro 3aBepniHTb npoitecc, b kotopom 
H cnojiHaeTCH 3aBHcniHH b occKono'iiioM ruiKJie noTOK. npoitecc b pe3yjibraTe npenpa- 
maeT cboio padoTy, Tcpaa HecoxpaHeHHbie aamibic, ho ocTanbHbie npoiteccbi b CHCTeMe 
ripo/io./r>KaiOT (|)vi[K'iiiioim|)ObaTb, KaK hii b hcm He dbiBajio. Ilojib30BaTejno He npuxo- 
Ahtch iicpcaarpyacaTb KOMnbiOTep. KaK hh/i,htc, ncpeb./iio'iemic kohtckctob npiiBO/tHT 
k noBbiHieHiiio onca.ioycTOft>in hocth, xoth 3a oto npwxo/tHTCM njiaTHTb ciiii>i<eiiiicM 

npOH3BOfl,HTejIbHOCTH. 

Ha caMOM aeae H3/tcp>KKH eme Bbime, mom mohcho npe/tnojioatHTb. 11p h ncpcic. iioae- 
hhh KOHTeKCTa Ha /tpyroft noTOK ii|)on.3bo;i,nTejibi[ocTb cepbe3HO iia/picx. noKa padoTa 
Be/teTCH c opiiM noTOKOM, ero ko/i, h aamibic Haxo/tHTCH b iqiiic npoiteccopa, 'nod hi 
odpameHHH npoiteccopa k onepaTHBHoii iiaxiMTH, .ja.vie/piHlomiie padoTy, ii|)ohcxo/i,ii. : iii 
peace. O/uiaico HOBbifi noTOK, CKopee Bcero, hciio. iiimct cobccm /tpyroft ko a h imeeT 
AOCTyn k apyniM /unmbi.vt, kotopmx eme HeT b lame npoiteccopa. 3 nan in , npesc/te 'ic.vi 
BepHyTbca k npeacHeft ckopocth padoTbi, npoiteccop BbmyayteH HeKOTopoe BpeMH od- 
pamaTbca k onepaTHBHoii naMHTii, HanojiHHH kohi. A npimepHO nepe3 30 mc npoiicxoflirr 
onepe/uioe nepeKJnoneHiie KOHTeKCTa. 

BpeMH iicpeic./iiOMeiiiiH icomeKcra3aBiiciiT ot apxHTeKTypbinpoiteccopa h erodbiCTpo- 
AeftcTBiiH. A BpeMH 3anojiHeHiiH Kama 3aBHCHT ot 3anymeHHbix b chctcmc npHjioacciiHH, 
pa3Mepa caMoro Kama h pn/ta apyrux cjiaKTopoB. noaTOMy oiteHiiTb, c KaKiiMii BpeMeH- 
HbiMH 3aTpaTaMH CBH3aHO Kasc/toe nepeKJiKtneHiie KomcKc ia, hcbo3mo5kho. /iociaio 1 )- 
ho npocTO 3anoMHiiTb, tio npn pa3padoTKe islacoKoi i|)oii3ho/i,htc;i bi ii>i x ii|)ii./io>Kcimii 
h KOMnoHeHTOB nepeKJiKmemia KOHTeKCTa f iy>ixiio no bo3mohchocth imderaTb. 

BHMMAHME 

Ecnn b KOHi_i,e BpeMeHHoro npoMexyTxa Windows pemaeT npoAO/ixnTb ncno/iHeHney>xe 
ncnojiH^eMoro noTOKa (a He nepexoflHTb x APyroMy), nepexmoneHnH KOHTeKCTa He npo- 
hcxoaht. 3to 3HaHi/iTe/ibHO noBbiinaeT npon3BOAHTenbHOCTb. 


BHMMAHME 

noTOK MOxeT caMonpon3BoabHO ycTynMTb ynpaBiieHne ao 3aBepineHna TaxTa, hto npo- 
hcxoaht AOBO/ibHO nacTO, HanpnMep, ecnn noTOK oxHAaeT BBOAa-BbiBOAa (xnaBnaTypa, 
MbiLUb, cjiann, ceTb n t. A-)- Tax, noTOx npnnoxeHna Notepad odbiHHO Hnnero He AenaeT, 
o>xnAaa BBOAa AaHHbix. ripn Haxamn nonb30BaTeneM xnaBnam Windows npo6y>xAaeT 
3tot noTOx, HTodbi tot o6pa6oian AaHHoe AencTBne. 06pa6oTxa 3aHHMaeT Bcero 5 mc, 
noc/ie nero Bbi3biBaeTca Win32-ct)yHxu,na, coodiAaxDiAaa Windows o totobhocth x o6- 
padoTxe cneAyxmtero co6biTna bboas. Ecnn co6biTna bboas OTcyTCTByiOT, noTOx nepe- 
boahtch b cocToaHHe oxcnAAHna (c 0Txa30M ot ocTaBLuenca Haem TaxTa). B pe3ynbraTe 
noTOx He 6yAeT nnaHnpoBaTbca Ha ncnonHeHne npopeccopoM ao cneAyxDLAero co6biTna 
BBOAa. TaxoCi noAxoA noBbiinaeT npon3BOAHTeabHOCTb CMCTeMbi, noTOMy hto noTOXM, 
HaxoAHLAHeca b coctohhmh o>xnAaHna, He pacxoAyx3T nonycTy npopeccopHoe BpeMH. 
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B xoac iiponc/iypbi ydoprai Mycopa CLR npHOGTaHaBAHBaeT Bee noTOKii, npocMa- 
Tpi-iBaeT hx CTeKii b noiicKax Kopucii, iioMciaeT o6 r beKTbi b icyac, CHOBa npocMaTpiiiiac'i' 
ctckii (o6hobjihh Kopmi o6 - beKTOB, nepeMemeHHbix b nponecce cacaTiia) h B03o6HOBjiaeT 
iicnojiHCHiie Bcex noTOKOB. TaraiM o6pa30M, coKpamemie KOJiiraecTBa noTOKOB noBbicHT 
npoii3BO/i,HTejibHOCTb y6opKn Mycopa. B npouecce OTjia/iKii Windows npnocTaHaBAiiBaeT 
bcc noTOKii npHjioaceHHH b KaacAoii to a ice ocTaHOBa h CHOBa 3anycKaeT hx npn nepexoAe 
k cjieAyiomeMy inary hah npn 3anycKe npiuioaceHim. Cootbctctbchho, hcm SoAbine 
noTOKOB, TeM Mc/u'icimcc 6yACT nponcxoAHTb OTjiaAKa. 

H 3 CKa3aHHoro moacho CAeAaTb aaic.iio'iemie, [ ito HCiio. ib.'iObamiM noTOKOB HyacHO 
no B03M0aCH0CTH H36eraTb, TaK KaK OHII IIOTpCO.IMIOT lia.MM'l b H TpCOyiOT BpeMeHII 
cnoero C037iaHH>T, ynpaBJieHim h .laBepmemw. IIpii nepeKjnoneHini KOHTeKCTa h y6op- 
Ke Mycopa ape mm TaKace ipauncH BnycTyio. C Apyroii ctopohh, 6e3 noTOKOB Toace He 
o6oiiTHCb, TaK KaK hmchho ohh ooeciicnibaiOT b Windows npneMjieMbie noKa3aTejin 
Ha/i,eacHOCTH h BpeMemi peaKn,iiii. 

He ctoht 3a6biBaTb h o tom, tio Ko.vnibioTcp c HecKOJibKiiMH npon,eccopaMH MoaceT 
HcnojiHHTb HecKOJibKO noTOKOB OAHOBpeMemio, hto yAynmaeT MacniTadupyeMOCTb 
cucTeMbi (ciiocooiiocTP, bbiiio. iiieiiiiH 6o.ibiiicii padoTbi 3a MeHbinee ispe.viM). KaacAOMy 
HApy nponeccopa iiaona'iacTcai cboh noTOK, h 3to hapo opraHH3yeT coocTiseimoe nepe- 
K.iio'iemie KOHTeKCTOB. Onepan,noHHaH cucTeMa cjicaht 3a TeM, 'rroobi oaiih noTOK He 
njiaHiipoBaacH OAHOBpeMeHHO Ha HecKOJibKiix HApax, TaK KaK sto r i ]) n iic.to 6bi k xaocy. 
B iiacTOMinee ape.via noBceMecTHO bcapcaaiOTcai KOMnbiOTepbi c HecKOJibKiiMH npoii,ec- 
copaMH hjih MHoroHAepHbiMH nponeccopaMH. Ho Ha 3ape C03AaHHH Windows padoTaTb 
npiixoAHAOCbHaMaiHHHaxc oahhm iiponeccopoM, hhmchho noaTOMy aah iioisbimemia 
HaAeacHOCTii onepaniiOHHoii aiCTCMbi 6bian BBeAeHbi noTOKii. B HacToamee BpeMH noTOKii 
n03B0Jiai0T nOBbICHTb npOH3BOAHTeJIbHOCTb Ha MaiHHHax C HeCKOJIbKHMH HApa.YlH. 

B OCTaBIHIIXCH TAaBaX 3T0H KHHTH paCCMa'ipilbaiOTCM MexaHII3MbI Windows H CLR, 
iio.'Sbo.iaiomne 3())(})Cicinisno OTBeTHTb Ha Bonpoc, KaK npn MiiHiiMajibHOM KOAiiaecnse 
nOTOKOB COXpaHHTb pa 60 T 0 Cn 0 C 06 H 0 CTb KOAa H KaKHM o6pa30M MaCHITadupOBaTb KOA 
aah iiciio. iiieiiiia Ha MamiiHe c MHoroaAepHbiM nponeccopoM. 


TaK Aa-Tibiue He fiomagt! 

EcAH AyMaTb TOAbKO O npOH3BOAHTeAbHOCTH, OnTHMaAbHOC HHCAO nOTOKOB Ha MamiiHe 
AOAaCHO 6bITb paBHO HHCAy yCTaHOBACHHblX Ha HCH npOUCCCOpOB. To CCTb Ha KOMnblOTepe 
c oahhm nponeccopoM AOAaceH padoTaTb Bcero oahh noTOK, Ha KOMnblOTepe c AByMH 
nponeccopaMii — Ana ht. a. IIpit'imibi oacbii.aiibi: ecAii koaiihcctbo noTOKOBnpeBbimaeT 
KOAiinecTBO nponeccopoB, HamiHaeTca nepeKAioneHiie KOHTeKCTa, h npoii3BOAHTeAbHOCTb 
naAaeT. A npn na./iii'inn oahoto noTOKa Ha iipoucccop KOHTeKCTHoe iiepeic.no'iemie He 
TpedyeTca, h Bee noTOKii hchoahhiotcji Ha noAHoii ckopocth. 

TeM He MeHee npn pa3pa6oTKe Windows cnennaAiiCTbi Microsoft otabah npeAno- 
HTeHiie naAC'/KiiocTH h Obica po'ic peaKiinii Ha achctbiih i io.t f>;jo isaa c'jr^r , a He ckopocth 
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paCHCTOB H npOII3BO/],HTejIbHOCTH BbinOAHCHIIH npHAOJKeHHH. H C MOeft TOHKII 3peHIIH 9TO 
npaBHJibHO. He Ay.Maio, tio kto-aii6o nonb30Bancji 6bi Windows hjih .NET Framework, 
ecjra 6bi npruioacemiH no-npeaoreMy Moran 6jioKiipoBaTb pa6oTy onepauiiOHHoii cncTeMbi 
h Apyrux npHjioaceHHH. Hmchho noaTOMy b Windows KaacAOMy npon,eccy BbmenaeTCJi 
coocTisciiiibiii noTOK, tio noBbimaeT HAAeacHOCTb cncTeMbi h fibicrpory pcaKunn. Knpn- 
Mepy, Ha puc. 26.1 noKa3aHO okho Ancnemepa 3aAaH, OTKpbiToe Ha BKnaAKe Performance 
(EbicTpoAeMCTBue). 


File Optiors View 


Task Manager 


| Processes | Performance | App history | Stsrtup | Users | Details | Services | 


»Vj 


CPU 

5% 0.80 GHz 


iL 


Memory 
1.6/3.9 GB (41%) 


Disk 0 (C: D:) 
0 % 


Wi-Fi 
& 0 R: 0 Kbps 


CPU 


Genuine Intel(R) CPU U7300 @ 1.30GHz 

% Utilization over 4 minutes 100% 


r 




Utilization 

Speed 


Maximum speed: 

1.30 GHz 

5% 

0.80 GHz 

Sockets: 

Cores: 

1 

2 

Processes 

Threads 

Handles 

Logical processors: 

2 

55 

Up time 

864 

31471 

Virtualization: 
Hyper-V support: 

LI cache: 

Disabled 

No 

128 KB 

31:00:49:48 


L2 cache: 

3.0 MB 


(*) Fewer details | (§) Open Resource Monitor 


Pmc. 26.1 . flncneTnep 3aflan c nHcfiopMaunen o npon3BOAHTenbHOCTn cncTeMbi 


KaK BHAHTe, Ha momciit iiony'icmiM cnriMKa mqiana Ha mocm KOMnbiOTepe 6buio 
3anymeHO 55 npou,eccoB, a 3 nan in , no MeHbineH Mepe 55 noTOKOB. Be/m pjia KaacAoro 
nponecca cymecTByeT xoth 6bi 0 / 1,1111 noTOK. O/uiaico KaK nemo yisHACTb, noTOKOB Ha ca- 
mom Aene 864! Bee ::mi noTOKii iibiAC/mior naMHTb, h oto npn tom, mio ee noAHbift gotcm 
Ha MoeM KOMnbiOTepe cocraisAacT 4 l oaiin. L lto ace icacacTOi cooTiiomemia Konii'icc'nsa 
npou,eccoB h noTOKOB, to b ope/piCM Ha oahh npou,ecc npi-ixo/iyncn 15,7 noTOKa, TorAa 
KaK b iiAca.ae Ha mocm AByxbHAepHOM npou,eccope npou,ecc aoa/KCii cocTOHTb Bcero H3 

AByX nOTOKOB. 

Bonee toto, pacnonoaceHHaa b acbom BepxHCM yrny AiiarpaMMa 3arpy3Kii npoijeccopa 
noKa3biBaeT, tio b iiacToamnii momciit 3arpy3Ka cocTan. iacT Bcero 5 %. To ecTb 95 % 
BpeMeHii 3 th 864 noTOKa b nyiaianbiiOM cm bic/ie i inaero He AenaiOT — ohii npocTO 3a- 
HiiMaiOT na.MHTb, KOTopaa He riciio.ib.aycTca, noKa noTOKii He iia'iniiaiOT nciio. iiiaTbCM. 
PC30HHO CnpOCHTb, IIV'/KIII)I AH II|)I1. ; I0/KCIII1 MM BCe 3TH llll'ICIO He A(‘. : iaiOIUI1C nOTOKH? 
Paay.MCCTCTi, hct. l Ito6i>i nocMOTpeTb, KaKoir H3 nponeccoB mii. imctcm caMbiM <<pacTO- 
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T iHTejibHbiM», nepeHAHTe Ha BKJiaAKy Details (nc>APo6Hee), AodaBbre CTondeu Threads 
(CneTHMK noTOKOB ) 1 h OTCopTHpyHTe ero no ydbiBaHino, KaK noKa3aHO Ha puc. 26.2. 


fjJ Task Manager 


File Options View 

| Processes | Peformance | App history | Startup 

Users | Details | Services | 



| Name 

PID 

CPU 

Threads 

Description 

- 

0 System 

4 

01 

105 

NT Kernel & System 


lli3svchost.exe 

1060 

00 

69 

Host Process for Windows Services 

- 

[■jlsvchost.exe 

832 

00 

62 

Host Process for Windows Services 


explorer.exe 

617016 

00 

47 

Windows Explorer 

_ 

lli3svchost.exe 

388 

00 

41 

Host Process for Windows Services 


[■jlsvchost.exe 

2008 

00 

40 

Host Process for Windows Services 


devenv.exe 

627820 

00 

36 

Microsoft Visual Studio 2012 RC 


[■Bsvchost.exe 

9S6 

00 

28 

Host Process for Windows Services 


[■j] XDesProc.exe 

628396 

00 

25 

Microsoft Visual Studio XAML Ul Designer 


t3 LiveComm.exe 

616916 

00 

25 

Live Communications Service 


0svchost.exe 

768 

00 

24 

Host Process for Windows Services 


[0]0UTL00K.EXE 

627524 

00 

24 

Microsoft Outlook 


[ljlsvchost.exe 

1260 

00 

22 

Host Process for Windows Services 


Il~jXDesProc.exe 

632748 

00 

20 

Microsoft Visual Studio XAML Ul Designer 


[L3 wmpnetwk.exe 

3172 

00 

19 

Windows Media Player Network Sharing Ser... 

V 

(^) Fewer details 




| End task 

] 


Pmc. 26.2. flpoueccbi b OKHe AncneTnepa 3aAas 


KaK BiiAHTe, CHCTeMa co;yi,ajia 105 noTOKOB, ho Hcnojib3yeT 1 % moiahocth npo- 
ileccopa, iipn. : iO/K(‘i[iic Explorer co3Aajio 47 noTOKOB npn 0 % Harpy3Ke Ha npoueccop, 
npiuioaceHiie Microsoft Visual Studio (Devenv.exe) C03AaA0 36 noTOKOB, onHTb ace hc- 
noAb3ya 0 % moiahocth npoueccopa, Ta ace caMan KapniHa c npimoaceHiieM Outlook, 
C03AaBiHHM 24 noTOKa npn 0 % h t. n. Hto ace nponcxoAHT? 

SnaicoMMCP) c Windows, paapaooT'iiiiai y3HaiOT, uto C03AaHiie npopeccoB b stoh 
onepauHOHHOH cucTeMe — AoporocToamaa npoueAypa. Co3AaHiie npouecca 3aHiiMaeT 
HecKOJibKO ceKyHA, TpedyeT imiACJiemia riapM/pioio o6i>e.\ta iiaMHTH, aiy iia.vuiTP) Tpe- 
dyciCH HHHAHaAH3HpoBaTb, HyacHO 3arpy3HTb c AHCKa EXE- h DLL-4>aiiAbi h t. n. IIo 
cpaBHeHiiio c 3thm co3AaTb noTOK AOCTaTOHHO npocTO. I loo'P'o.viy paa.pado'i 'ui icip bmccto 
npoueccoB npeAnouHTaiOT co3AaBaTb noTOKii, MHoacecTBO kotophx mm ii bhahm nepeA 
codoii. Ho b cpaBHeHiiii c dojibimiHCTBOM Apyrnx CHCTeMHbix pecypcoB co3AaHiie no- 
TOKa — He TanaH yac AeuieBaa npoueAypa. H npii.vieiumi hx cjicavct 0CM0'iprne.Ti)i[0 
H TO.’I l>ICO TaM, TAe OHH AeHCTBHTeAbHO yMeCTHbl. 

KaK BHAHTe, ynoMHHyTbie npiuioaceHim ncnojib3yiOT noTOKii He ;)())())eK'i rimio. He- 
noHHTHO, aa'ic.vi sth noTOKii liooome cymecTByiOT b cucTeMe. Oaho acao — ih>[ac. : iiitp> 


1 TIjih aToro meaKHHTe npaBofl KHonKoii mmiuh Ha cymecTByiomeM CTOJi6ije h Bbi6epHTe KOMaHAy 
Select Columns (Bi>i6paTb cTOJidiibi). 
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pecypcbi aah npnjioaceHHH, h cobccm ;i,pyroc — BbmeaHTb hx ii He iiciio. ib30iia i b. 
BbmejieHiie iia.viHTH no a CTeKii noTOKOB oana'iacT, mto ee oc raiicica MeHbrne aah doaee 
BaacHbix /uimiFjix, HanpHMep aoK'v.viemob iio.TP,;soiiaTe.TH l . 

A Tenepb iipcacTanFae, tio npou,ecc 3anymeH b ceaHce y/taoeimoro padouero CToaa 
OAiiom iio. ib.'iObaacviM, ho y MamiiHbi Ha caMOM Aeae 100 noAb30BaTeaeH. To ecTb 3any- 
CKaeTCH 100 3K3eMnaapoB npiuioaceHim Outlook, KaacAbiii H3 kotophx co3AaeT 24 Hiiuero 
He AejiaromHx noTOKa. Mbi noayuaeM 2400 noTOKOB, KaacAbiii c codcTBeHHbiMH hapom, 
TEB, CTeKOM pe'/Kii.\ia nojib30BaTeaH, ctckom peaaiMa HApa h t. n. OrpoMHoe kojiiiucctbo 
B nycTyio noTpaueHHbix pecypcoB. OTy npaKTHKy nopa npeicpamaTb, ocodemro ecAH 
Microsoft xo'icx, uTodbi iio. ; ii)30baTCjm ycneniHO paoo'ia.'in c Windows Ha iierdyKax, 
Ha dOAbHIIIHCTBe KOTOpbIX ISCCI O 1 IT) PIT OnepaTHBHOH lia.VlMTH. HMeHHO npaKTHKe acj)- 
cj)eKTHBHOrO npOeKTHpOBaHIia ll|)l1. ; IO/KCIIIlii C MIIHHMaAbHbIM KOAIineCTBOM nOTOKOB 

h iiociiMiueiibi iiocjicaiiiic i . iaiip>i oto ii khiioi. 


TeHfleHUMM pa3BMTnq npoueccopOB 

B nponiAOM iimca MecTO nocToaHHbiii pocT dbiCTpoAeficTBira nponeccopoB, b pe3yabTaTe 
Aa>i(c mcaacipipo pado'iammue iipunoaccTTHH npn nepexoAe Ha 6oAee HOByio Mamimy 
HauHHaAH padoTaTb dbicTpee. OAHaKo oecKoiie'ino HapamiiBaTb dbicTpoAeftcTBHe He- 
B03M05KH0. KpoMe Toro, npoueccop, paoo'iaiomiiii c doabinoii CKopocTbio, BbiAeaaeT 
TenAO, KOTopoe HyacHO pacceiiBaTb. HecicojibKO act Ha3aA a npnodpea KOMnbiOTep hoboh 
MOAeAH ot yBaacaeMoro npoH3BOAHTeAfl. OAHaKo H3-3a Aecj)eKTa npomiiBKH CKopocTb 
BparueHiiH BeHTiiAHTopa OKa3aaacb HeAOCTaTOUHoii; h uepe3 HeKOTopoe BpeMH nponeccop 
h MaTepiiHCKaa naaTa npocTO pacnAaBHAHCb. IIpoii3BOAHTeAb 3aMeHiia mhc KOMnbiOTep 
h «yAyuiiiHA» npomiiBKy, npocTO 3acTaBHB hop p i ii./p^p pop BpamaTbca dbicTpee. Ho H3-3a 
SToro CTaAH HaMHoro ObiCTpee caAHTbca daTapeiiKii, BCAb BeHTiiAHTop noTpedaaA MHoro 
3HeprHH. 

C noAodHbiMii 11 |)o6./ieMa.\i h b ipaiim ahh npHXOAHTCA cranial earbca bccm npoii3- 
boahtcahm annapaTHoro odeciicpciina. H3-3a OTcyTCTBHH B03MoacHOCTH 6eci<oiie‘iiio 
ipapainiiiiaTP, CKopocTb nponeccopoB, ohii iii.naioica yMeHbiniiTb TpaH3HCTopbi, HTodbi 
Ha oahoh MHKpocxeMe moacho 6biao pa3MecTHTb hx doabme. Yace cymecTByiOT KpeMHii- 
eBbie MiiKpocxeMbi, coAcp'/Kaimie ABa h doaee npon,eccopHbix HApa. A .iiia'iiii, CKopocTb 
(J)yHKH,iiOHiipoBaHiiH nporpaMMHoro odeciicpeiiiiM iioisi,icii ica TOAbKO npn ycaoBiiH, 


1 XoTeaocb 6bi eme pa3 npoaeMOHCTpiipoBaTb, HacKoabKo yapynaiome o6ctoht aeaa. OTKpoiiTe 
npnaoaceHiie Notepad.exe h nocMOTpHTe c noMombio AncneTaepa 3aaan KoaiinecTBO CBH3aHHbix 
c hum noTOKOB. Bbidepirre b MeHio File (Oaiia) npnaoaceHHH KOMaHay Open (OncpbiTb), ii KaK 
TOAbKO OTKpoeTca anaaoroBoe okho File Open (OTKpbiTiie cjaaiiaa), nocMOTpnTe Ha KoaimecTBO 
HOBbix noTOKOB. Ha Moeft Mairome pe3yabTaTOM otkphthh stoto OKHa CTaao co3aaHne 31 aonoa- 
HiiTeabHoro noTOKa! AHaaoninHo o6ctoht aeaa c akpOhm apyniM npnaoaceHiieM, OTKpbiBaioniHM 
anaaoroBoe okho otkphthh hah coxpaHeHHH (Jpaiiaa. H doabmuHCTBO sthx hotokob He 3aBep- 
maeTCH aaace nocae 3aKpHTiiH OKHa! 
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HTO OHO yMeeT pa6oTaTb C HeCKOJIbKHMH HApaMH. KaK 3 TO TO /podllTbCH? Pa3l)MHO hc- 

nojib3yji noTOKii. 

B iiacTOHince ispe.Yi h cynpecTByiOT Tp h isii/pa MHoronpoii,eccopHbix Tcxiio.ioniii: 

□ MHoronpoueccopHbie pemeHHH. I leKOTopwe KOMnbiOTepbi npocTO ocHamaiOT He- 
CKOJibKHMH npoipeccopaMii. /Ipyni.vin c./ioiia.viii, Ha MaTepiiHCKOii ruiaTe iiaxo/piiTCH 
HCCKOJIbKO FIIC3/I, B KaaC/POM H3 KOTOpbIX paGnOJiaraeTCH npOH,eCCOp. 3tO ll|)llb()/l,HT 
k yBejiHHeHiiio pa3MepoB MaTepiiHCKofi njiaTbi, a aiiaaii r, h Kopnyca. B HeKOTopbix 
cjiynaax npHxo/pHTca CTaBHTb Taioicc /toiio./inine./ibi[bie hctohhhkh iiinaima H3-3a 
noBbimcHHoro noTpedjieHira SHeprmi. Taraie KOMnbiOTepbi iicnojib30Bajnicb b TeneHiie 
HeCKOJIbKHX AeCHTHJieTHH, HO nOCTeneHHO HX nOnyjIHpHOCTb CXOflHT Ha HeT H3-3a 
donbinoro pa3Mepa h bhcokoh ctohmocth. 

□ THnepnoTOKOBbie MHKpocxeMbi. 3 Ta TexHonorna (ot Intel) no3BOjiaeT oahoh 
MHKpocxeMe ())vmaiii()mi|)ObaTP) KaK /pise. MiiKpocxeMa co/pepacHT /pea Ha6opa apxH- 
TeKTypHblX COCTOHHIIH, TaKIIX KaK perHCTpbl nponeccopa, lipil 3TOM I1.Y1CCTCH Bcero 
o/pHH Ha6op MexaHH3MOB Her i o.i [ ici i ii xi. /[./ih Windows a to isbir./m;pnT KaK 11a.n1 1 me 
b MamiiHe /pisyx npoipeccopoB, h onepaipHOHHaa CHCTeMa o/piioispcMeniio nnaHiipyeT 
iioise/peime/puyx noTOKOB, o/piiaico iicho. iiimcicti tojh>ko o/pim H3 hiix. KaK TOJibKO oh 
npepbiBaeTCH H3-3a He/pocTaTKa pa3Mepa Kama, oiniidonHoro nporH03iipoBaHHH bctbii 
hjih 3aBHCHM0CTH no /paiiiibiM, MHKpocxeMa nepeKjnonaeTCH Ha /ppyroii noTOK. Bee 
3 to nponcxo/pHT Ha annapaTHOM ypoBHe, h Windows 06 stom He «3HaeT». C tohkii 
3peHim onepaipnoHHoii cucTeMbi 06a noTOKa BbinojiHmoTCH o/pHOBpeMCHHO. Idpn Ha- 
jihhhh Ha o/pHoii MamiiHe HecKOJibKiix nmepnoTOKOBbix npoipeccopoB onepaipiiOHHaH 
CHCTeMaCHanaaia iiaa.iia'iiri no o/pnoYiy noTOKy Ha icaac/pimi npoipeccop, b peav.TbiaTC 
nero ohpi /peHCTBHTenbHO ov/pvt BbinojiHHTbca o/piioispe.Yteimo. Bee ace ocia./u.m.ic 
noTOKii dy/pyT pacnpe/pejiHTbca no yace 3aHHTbiM npoipeccopaM. IIo yTBepac/peHiiHM 
Intel, TaKoti no/pxo/p noBbimaeT npoii3BO,zpHTejibHOCTb Ha 10-30 %. 

□ Muoron/iepuhie MHKpocxeMbi. HecKOJibKO jieT ilaaa/p pioai iut,/ p pici> MHKpocxeMbi, co- 
/pepacaiipne donee o/pnom npoipeccopHoro a/ppa. Ha momcht ip;pippicoiiiit a stoh khhth 
6bum nocTynHbi MHKpocxeMbi c /pByMa, TpeMa h neTbipbMa a/ppaMii. /I,Ba a/ppa HMeeT 
/paace npoipeccop Moero i loyidyica. H yBepeH, 'no 3Ta TexHOJioriia CKopo pacnpocTpa- 
hhtch /paace Ha mo6h. pp>ip me tc.tc<})Oipi>i. KoMiiainiM Intel padoTajia /paace ila/p npo- 
TOTHnoM npoipeccopa c 80 a/ppaMii. npe/pcTaBJiaeTe, HacKOJibKO MonpHbiM aBJiaeTca 
TaKOii KOMnbiOTep! KpoMe toto, b Intel it.vieiOTca nmepnoTOKOBbie MHKpocxeMbi 
C HeCKOJIbKHMH M/Ppa.YP IP. 


CLR- m Windows- noTOKi/i 

B iiac'iOMinec ippcMM CLR Hcnojib3yeT cnocodHOCTb Windows padoTaTb c noTOKaMii, 
iI03T0MV nacTb V /paiiiioii khhth iiocbaineipa paccMOTpeHino B03M0acH0CTeii, KOTopbie 
OTKpbiBaiOTCH nepe/p pa3padoTHHKaMii, co3/paioiipHMH ko/p c noMonpbio CLR. Mbi noroBO- 
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pi-IM O TOM, KaK HCnOJIHHIOTCH nOTOKII B Windows H KaK Ha HX IIOliC/aTIHC BJIIiaeT CLR. 
/fna iio.iy'icniiH flonojiHiiTejibHofi hi[( jiop.viai 1,1111 o noTOKax iiciio.memiM peKOMeHAyio 
moh npeAbiAymHe khhth, b aacTHOCTH naToe RSAaiwc Windows via C/C+ + (Microsoft 
Press, 2007). 

Ha nepBbix nopax cymecTBOBaraia .NET Framework npoeKTiipoBmuKii CLR 
pemHjra, 'no cpe/ia CLR /io./i>i(iia noAflepncH barb nonmccKHC noTOKii, KOTopbie He 
o6a3aHbi o/iiioniianiio cooTBeTCTBOBaTb noTOKaM Windows. B 2005 ro/iy rpynna CLR 
OTKa3ajiacb ot stopi imen, TaK hto b HacToam.ee BpeMa CLR-noTOKii aHanoriiaHM 
Windows-noTOKaM, o/uiaico b .NET Framework BCTpeaaiOTca OTAenbHbie ncpc>KHTicn 
npeacmix nonbiTOK. Hanpimep, KViacc System. Environment npeAOGTaBnaeT cbohctbo 
CurrentManagedThreadld, KOTopoe B03BpamaeT CLR-H/i,eHTH(J)HKaTop noTOKa, TorAa 
KaK KJiacc System. Diagnostics. ProcessThread npenocTaBnaeT cbohctbo Id Ana no- 
jiyaeraia Windows-HAeHTH(|)HKaTopa toto ace noTOKa. MeTOAbi BeginThreadAff inity 
h EndThreadAffinity Kaacca System. Thread TaKSce 6 mah BBe/teHbi b npeAnonoaceHini 
o tom, hto CLR-noTOK m oncer He comia/ia'i b c Windows-noTOKOM. 

/fia npmioaceHHH Windows Store icoMiiaima Microsoft iick.iio'iii./i;i HeKOTopme 
(fiyincuMH API, OTHOcamneca k noTOKaM, noTOMy hto 3 tii cjryHKniiH npiiBOAHmi k Hencena- 
TeabHbiM nocjieACTBHHM (cm. pa3Aen «TaK ziajibme He nori/i,eT!» stoh raaBbi) hah hc cno- 
codcTBOBajiii aocTHaceHiiio neneii, nocraBneHHbix Microsoft Ana npruioaceHiiii Windows 
Apps. HanpHMep, KJiacc System. Thread iie/ioc'iyneii Ana iipii.iO/iccmiii Windows Store 
H3-3a HeacenaTenbHbix (jivmcmiii API (raiciix, KaK Start, IsBackground, Sleep, Suspend, 
Resume, loin, Interrupt, Abort, BeginThreadAff inity 11 EndThreadAff inity). JIiihho 
a carrraio, a to sto CAtviaiio npamuibHO, xoTa h 1 loanee, 'ic.vi cneAOBajio 6 m. CooTBCTCTBeH- 
ho b raaiiax 26-30 6yAyT paccMaTprmaTbca HeKOTopbie c))y men 1111 APIs h bo 3 moachocth, 
AOCTynHbie Ana HacTonbHbix npimoaceHiiri, ho ne Ana npnnonccTTHH Windows Store. Bo 
BpeMa HTeHiia sthx i .iaii bm Obicrpo iioii.viCTC, iio'ie.viy HeKOTopme (fiymcnim API HeAO- 
CTynHbi Ana npruioacemiH Windows Store. 


IIOTOKM fl/151 aCHHXpOHHblX 
BbiHuc/inTe/ibHbix onepauMM 

B 3tom pa3Aene a noKaacy, KaK C03AaTb noTOK h 3acTaBHTb ero ncnoAHiiTb aciiHxpoHHyio 
isbi'incjiH'iecii.iiyio oneparpiio. npn stom a He peKOMeHAyro nojib30BaTbca npneMaMH, 
omicbiBaeMbiMH b 3tom pa3Aene (a Ana npunonceHiiH Windows Store ohii ii BOBce He- 
B03MoncHbi H3-3a HeAOCTynHOCTH KViacca System.Thread), no bo3moachocth Ana stoh 
n,enn nyarne npuderaTb k AOCTynHOMy b CLR nyjiy nomoKoe (thread pool). O HeM mm 
noroBopHM b cneAyiomeri rnaBe. 

Bo.i.vio/Kiibi CHTyan.Hii, KorAa 'ipcdye'ica aBHO co3AaTb noTOK Ana BbinojmeHiia koh- 
KpeTHofi BbiancnHTenbHOH onepan,ini. 06mhho TaKaa iicooxoahmocit, B03HiiKaeT npn 
BbinonHeHiiii Kona, npiiBOAamero noTOK b cocToamie, OTmmHoe ot o6biaHoro cocToaHiia 
noTOKa H3 1 iyna. K npriMepy: 
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□ IIotok Tpe6yeTCH 3anycTHTb c iiecTaii/uipTiibiM npiiopHTeTOM (Bee noTOKii nyjia 
BbmOJIHHIOTCH C OObl'IllblM 1 1|)I10|)HTCT0M). XoTH H3MeHIITb npiIOpHTeT M05KH0, HO 

AejiaTb 3 to He pei<o.vieii;i,yeTC>i, KpoMe Toro, H3MeHeHiie npiiopHTeTa He coxpaHHeTca 
Meac/iy onepaitiiHMii c nyjiOM noTOKOB. 

□ HTo 6 bi npiuioHcemie He 3aKpbijiocb js, o 3aBepmemiH noTOKOM aa/iaiina, Tpe6yeTCH, 
HTo6bI nOTOK HCHOJIHHJICH B cjlOHOBOM pe/KHMe. 3ia TeMa nO/I,po6HO paCCMOTpeHa 
b paa/ie/ie «0OHOBbie h aKTiiBHbie noTOKii» /puice b stoii rjiaBe. IIotokii h3 nyjia 

licer/pl HBJIHIOTCH (jlOHOBbIMII, H CVIIICCTISyCT pHCK, TIO OHII He VCIICIOT BbmOJIHHTb 

.aa/iannc H3-3a Toro, tio CLR peniHT 3aBepniHTb npoiiecc. 

□ 3a/ia7IH>T, CBH3aHHbie C BblHHCJieHHHMH, OObl'IIIO BbinOJIHHIOTCH KpailHe /[.O. lIO; ,yiH 
no/ioom.ix aa/iaimii h He CTaji 6bi OT/pusaTb peuieHiie o ik'ooxo/pimoctii coa/puma 
hoboto noTOKa Ha OTKyn jioniKe nyjia noTOKOB. 

□ B03M0HCH0 B03HIIKHeT IICOOXO/piMOC'l b ll|)C>K/1CIS|)CM(M[|[0 3aBepiHHTb HCnOJIHHIO- 
miiiiCH nOTOK MeTOAOM Abort K/iacca Thread, KOTopbifi 6bi/i no/i,po6HO paccMOTpeH 
b rjiaBe 22. 

JXjix coa/pum a libi/ic/iemiom noTOKa BaM noTpe 6 yeTCH 3K3eMn/iHp K/iacca System. 
Threading. Thread, ajih nojiyHemiH KOToporo c/ie/iyeT nepe/taTb KOHCTpyKTopy hmh 
MCi o/ia. Bot npoTOTiin TaKoro KOHCTpyKTopa: 

public sealed class Thread : CriticalFinalizerObject, ... { 
public Thread(ParameterizedThreadStart start); 

// 3flecb He noi<a3aHbi peflKO ncno/ib3yeMbie KOHCTpyKTopbi 

} 

IlapaMeTp start 3anaeT MeTO/t, kotopbiii 6yneT BbinojiHHTbCH b Bbme/ieH- 
hom noTOKe. CiirHaTypa 3Toro MeTOAa nojiscHa coBnanaTb c ciiraaTypoii ne/ieraTa 

ParameterizedThreadStart : 1 

delegate void ParameterizedThreadStart(Object obj); 

Coa/iaime o 6 beKTa Thread hh.ihctcm /lOCiaTO'iim npocToii onepaiineii, TaK KaK npii 
3tom ()) 11.311'iecKTiii nOTOK b onepaiiiiOHHOH cucTeMe He noHB/iHeTCH. JXjw coa/iaiina 
cjiiisiiHecKoro noTOKa, npii3BaHHoro iicnojiHiiTb mcto/i, o 6 paTHoro Bbi30Ba, c/ie/tyeT 
BOcno/ib30BaTbCH mcto/iom Start K/iacca Thread, iiepenaB b Hero 06 'beicr (cocTOHHiie), 
KOTopbiii Bbi xoTHTe cne/iaTb apryMeHTOM mcto/pi o 6 paTHoro Bbi30Ba. C.ic/iyioiunii ko/i 
AeMOHCTpiipyeT npouenypy C03/i,aHiiH Bbme/ieHHoro noTOKa, KOTopwii 3aTCM aciiHxpoHHO 
Bbi3biBaeT mcto/i: 


1 Knacc T hread Taoce npe/uiaraer KOHCTpyKTop, npiiHUMaromnii aejieraT T hread Start, KOTopbift 
He HMeeT apryMeHTOB n He B03BpamaeT 3HaHeHiiii. Ho juihho h He peKOMeH/iyio hx Hcnojib30BaTb 
H3-3a MHoroiHCJieHHbix orpaHHHeHiiii. Ecjih MeToa. Bamero noTOKa npiiHHMaeT KJiacc Object h 
B 03BpamaeT 3HaHeHiie Tima void, Bbi30BHTe ero npn noMomu Bbi/iejieHHoro noTOKa hjih nyjia 
noTOKa, KaK noKa3aHo b rjiaBe 27. 
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using System; 

using System.Threading; 

public static class Program { 
public static void MainQ { 

Console.WriteLine("Main thread: starting a dedicated thread " + 

"to do an asynchronous operation"); 

Thread dedicatedThread = new Thread(ComputeBoundOp); 
dedicatedThread.Start(5); 

Console.WriteLine("Main thread: Doing other work here..."); 

Thread. Sleep(10000); // HMMTaunn apyroPi pa6oTbi (10 ceKyHA) 

dedicatedThread.Ioin(); // OxnflaHne aaBepwemufl noTOKa 
Console.WriteLine("Hit <Enter> to end this program..."); 

Console.ReadLine(); 

} 

// CinrHaTypa MeTOfla flon>KHa coBnaaaTb 

// c curHaTypoPi Ae/ieraTa ParameterizedThreadStart 

private static void ComputeBoundOp(Object state) { 

// MeTOflj BbinO/lHfieMblPi BblAeneHHbIM nOTOKOM 

Console.WriteLine("In ComputeBoundOp: state={0}", state); 

Thread.Sleep(10@0); // MMUTauns Apyroii pa6oTbi (1 ceKyHAa) 

// nocAe B03BpaineHM« MeTOAOM ynpaBAeHun BbiAeneHHbiii noTOK 3aBepwaeTCfl 

} 

} 

Pe3yjibTaT komiihjihiihh h 3anycKa TaKoro icona: 

Main thread: starting a dedicated thread to do an asynchronous operation 
Main thread: Doing other work here... 

In ComputeBoundOp: state=5 

TaK KaK ML>I He MO*eM KOHTpOJIIipOBaTb OHepeAHOCTb HCnOJIHeHHfl nOTOKOB 

b Windows, B03MoaceH h npyroii peay.iPvraT: 

Main thread: starting a dedicated thread to do an asynchronous operation 

In ComputeBoundOp: state=5 

Main thread: Doing other work here... 

3aMeTbTe, tio mctoi Main Bbi3biBaeT mcto/i, loin. I loc.Te/i,imii 3acTai:.THCT Bbi3biBa- 
roniHH noTOK ocTaHOBHTb BbinojmeHiie jnodoro Kona no MOMCHTa, noKa noTOK, onpene- 
jieHHbiii npn noMomu dedicatedThread, He ;saiK‘pmincH caM hjih He 6y/i,CT 3aBepmeH. 


npUHUHbl MCn0/1b30BaHMq nOTOKOB 

ITotokii iicn().Ti)3yiO'['CTi no niiy.vi ochobhmm r i|>hh i la.vr: 

□ yjiyHineHHe BpeMeHH OTKJimca (o 6 whho hjih kjihchtckhx npiuioiKeHirii c rpacJ)H- 
necKHM HHTepc|ieHCOM). Windows BbinenaeT KaacnoMy ii|)ii.T0>Kcmi io OT/i,e.Ti.m.iii 
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noTOK, hto6h 3an;HKJiHBaHHe o/i,Horo npiiaoaceHHH He Mernaao pa6oTe Apynix. AHa- 
JIOrilHHblM o6pa30M B KAHeHTCKHX II|:)I1./I0/KCIII1MX C l|)a<}) 11'ieCK'llM HirrC|)())eiicOM 
mo5kho BbmejiHTb HacTb pa6oTbi b OT/i,ejibHbiH noTOK, hto6m nHTepcjaeiic npoAoaacaa 
peaoipoBaTb Ha achctbiih noab30BaTeaji. Bepoaiaio, b stom c.ayiac KoaiinecTBO no- 
TOKOB npeBbICHT KOJIHHeCTBO HACp, TI'O OOCpilCaCH JIHUIHHMH 3aTpaTaMH CHCTeMHbIX 
pecypcoB h CHHaceHHeM npoii3BOAHTeabHOCTii. C Apyroii CTopoHbi, noab30BaTeabCKiiii 
iiiiaeptjieik' 6biCTpee peamipyeT Ha achctbh a noab30BaTean, yaymian ero miciaa ae- 
hhh ot pa6oTbi c npiiaoaceHiieM. 

□ IIpon3BO,zurrejibHOCTb (flJia kjihchtckhx h cepBepHbix npHJioaceHHtt). Tax KaK 

CHCTeMa Windows MoaceT naamipoBaTb no OAHOMy noTOKy Ha nponeccop, a npo- 
neccopbi MoryT iicnoaHHTb noTOKii OAHOBpeMeHHO, napajiaejibHoe BbinoaHeHHe 
HecKOJibKiix oiiepannii yay'im ht npoH3BOAHTeabHOCTb npHjioaceHim. Koiie'ino, 
yaynuieHiie aoc a macroi ToabKO b tom c.ayiac, eca h npnaoaceHiie BbinoaHneTCH 
Ha MamiiHe c iiecKo. ii.KTi.vin nponeccopaMii. BiiponcM, aaaaie KOMnbiOTepbi b Harne 
BpeMH yace AOcraTOHHO pacnpocTpaHeHbi. Bonpocbi co3AaHHH npiMoaceHiiii, npeAHa- 
3iia'iemn>ix /(an paooabi b MHoronponeccopHofi Koii())iirvpan,iiii, paccMaTpiiBaiOTCJi 
b raaBax 27 n 28. 

A Tenepb a xoTea 6bi no;i,c. : iiiTbCM c BaMH CBoeii Teopneii. HTaK, KaacAbi ii KOMnbio- 
Tep ciiaoacen a aiaiM moihiii>im HHCTpyMeHTOM, KaK nponeccop. H ecan bh noxynaeTe 
KOMnbioTep, oh Aonaccn padoTaa a> Bee ispe.viii. /IpymiMii caoBaMH, h OHiaaio, wio Bee 
npou,eccopbi b Mamime AoaacHbi ncnoab30BaTbCH Ha 100 %. BnponeM, TyT HyacHO 
c/i,eaaTb /ose oroBopKii. Bo-nepBbix, npn nHTaHHH ot aKKyMyaaTopa 100-npou.eHTHoe 
Hcnoab30BaHHe npou,eccopa conpaTHT BpeMH padoTbi c MamiiHOH. Bo-btophx, b He- 
KOTopbix Hdirpax o6pa6oTKH Aaamiax iipe/oionnTaiOT HMeTb aecon b KOMnbioTepoB c 
npou,eccopaMH, padoTaiomiiMii Ha noaoBHHHOii moiahocth, bmccto nuTH, npou,ecco- 
pbi KOTopbix 3arpyaceHbi Ha 100 %. JXeno b tom, hto noaHOCTbio 3arpyaceHHbili npo- 
neccop isbiac-aacT Tenao, a aiia'iiia, apedycT CHCTeMbi oxjiaacaciina. O/oiaico nHTaHiie 
Taxon CHCTeMbi MoaceT 0Ka3aTbca 6oaee 3aTpaTHbiM acjiom, ne.vi nHTaHiie 6oabinero 
KoannecTBa KOMnbioTepoB, padoTaiomiix Ha MeHbineH moiahocth. BnponeM, Haannne 
doabinoro KoaiinecTBa KOMnbioTepoB Toace .iiia'iii aeabipo noBbimaeT ii3AepacKii, ne/iy 
KaacAbili H3 hhx TpedyeT nepnoAHnecKoro odHOBaemiH annapaTHoro h nporpaMMHoro 
odeciiC'KTiiia. 

Tenepb, ecan bh coraacHbi c mo eft Teopneft, HyacHO onpeAeaiiTbcn c TeM, icaicnc 3a- 
Aami aoaacch pernaTb npoii,eccop. Ho CHanaaa — Hedoabinoe BCTynaeraie. B npomaoM 
KaK pa3pa6oTHHKii, TaK h Koiie'iiibie noab30BaTean CMinaaii, [ no MomHOCTb KOMnbio¬ 
TepoB He/i,ocTaTOHHa. H noaTOMy koa He bbiiio. ina. ica, noKa KOHenHbift noab30BaTeab 
He a aBaa Ha sto paapcmeiiiia npn noMomu TaKiix aacMcmoii mi a epcjiciica, KaK nyHKTbi 
MeHio, KHonKii h (jiaaacKH, TeM caMbiM hbho iiOKaa.pabaM, Mao coraaceH npeAOCTaBHTb 
npiiaoaceHiiio HeodxoAHMbie pecypcbi npou,eccopa. 

Ceii'pac BeeH3MeHiiaocb. CoBpeMeHHbieKOMnbiOTepbi Aocaaao'iiio .vioiimi.i h b 6an- 
acaHiueM oy/iymcM MoryT CTaTb eme 6oaee MomHbiMH. KaK m yace ynoMimaa b stoh 
raaBe, 'tacao b OKHe /liicnea'iepa aa/iaap MoacHO BiiAeTb, nao npoii,eccop aaiiaa' 5 % Bpe- 
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Me hi i. Ecjih 6h nnep 6buio He ns a, a ueTbipe, TaKan CHTyapn a B03HiiKajia 6bi eme name. 
Korna noHBHTCH 80->i/i,e|)iir>iii npoueccop, BOo6me nonyuHTCH, 'no 11 piaici ii>iccicn Bee 
BpeMH KOMnbiOTep iiH'icm He nc/iacT. C tohkii apeiiiiH iiOTpcdiTie/iH nonyuaeTCH, tio 
3a 6ojibmiiefleHbrn MamiiHa m.iiio. iiiacT MeHbrne pa6oTbi! 

HMeHHO noaTOMy npoH3BonHTejra annapaTHoro odccnciCHHH c TpynoM nponaiOT 
ii(). ip>3,oiiaTC.;iH.M MHoroHAepHbie KOMnbiOTepbi. IIporpaMMHoe ooeciie'ieiiiie He mo>icct 

nOJIHOH,eHHO IICn0JIb30BaTb ll|)C/l,OCTaii.IMCMP)IC B03M0HCH0CTH, a 31 ni'Ill'P, IIO.H>30ISaTC. : lb 

He no.iypacT Bbironbi ot noKynKii MamiiHbi c nononHHTejibHbiM npoiipccopoM. To ecTb 
b HacToamee BpeMH mm HMeeM h36mtok KOMnbiOTepHbix MomHOCTen, noaTOMy pa3pa- 
6 otmhkh MoryT ce6e no3BOjniTb hx aiCTiimioe noTpedjieHiie. PaHbine nance noMbicnHTb 

6bIJIO HeJIb3H O TOM, 'PTOOI.I PI])P1. IO>Kei P PIC 3aHHMajIOCb nOnOJIHIITeJIbHblMH liljl 1 1 11CJKTI IP C|- 
mh, ecjiH He 6 mjio nojiHofi yBepeHHOCTH, mio icoiie'iiio.My ii(). ; ii,;ioiia'[C.;iio iioiiauooiiTCH 
pe3yjibTaT sthx isin'iiicjieimii. Ho Tenepb, npn iia.;iii'iiin noiio. iiPiTicciinii.ix moiuhoctch, 

3TO C'l acio B03M0HCHMM. 

I laippii.Yiep, no 3aBepmeHiin Ha6opa TCKCTa b penaKTope Visual Studio sto iipii io- 
>kci 111 c amoMa'iTi'PCCKii Bbi3biBaeT KOMnujiHTop h o6pa6aTbiBaeT mic;i,eniii)iii ico/i,. TaKoii 
nonxon noBbimaeT p i ] )o/py k p pi is i poc p pj Tpyna pa3pa6oTHHKOB, TaK KaK ohii cpa3y rui/piT 
OIHIi6kII BBOnilMOTO ICO/pi H IPCMC/UICIIIK) MOryT HX IICnpaBHTb. OaKTHHeCKII B liaCTOHIHCe 
BpeMH H3 iioc/iCHOisaTC./iiniocTH pe/piiiC'i Hp()isaiiiie-i[()C'[poeiiiie-0'[/ia/3<a nponaji u,eH- 
TpajibHbiii hjich, TaK KaK nocTpoemie (komhhjihuhh) Kona ocymecTBjiaeTCH HenpepbiBHO. 
KoHeuHbie nojib30BaTejm stoto nance He 3aMeuaiOT djiaronapH MOipHOMy npou,eccopy. 
Ben,b uacTbiii 3anycK KOMniuiHTopa hiikhk He OTpancaeTCH Ha pemeHiin npymx aa/pi't. 
H nyMaio, hto b dynymux BepciiHX Visual Studio H3 MeHio ncue3HeT nyHKT Build, TaK 
KaK KOMnn/iHUHH CTaHeT no/iHOCTbio aBTOMaTHuecKoii. He toju>ko ynpomaeTCH iio/ip>30- 
BaTejibCKiiii iimciMjieiic, ho h caMO npiuionceHiie naeT «OTBeTbi» Ha Hyncnbi icoue'iiiom 
nojib30BaTejiH, noBbimaH nponyKTHBHOCTb ero padoTbi. 

C IICK/nOUeHIieM OTnCJIbHblX nyHKTOB MCHIO n0JIb30BaTbCH npiUIOHCeHIieM CTaHOBIITCH 
npome. OcTaeTCH MCHbine BapnaHTOB h MCHbine KOHijemjHH, KOTopbie cjienyeT npouiiTaTb 
h 3anoMHiiTb. 11 mci11 10 ,vii loioancpi laa icoiicjiiii'ypauiia no3BO/iHeT ynpocTHTb no/ib30Ba- 
Hiie KOMnbiOTepoM HacTOJibKO, '{to b 0 / 1,1111 npeKpacHbiii /yiiii c hum cmo/icct padoTaTb 
nance moh 6a6yuiKa. JXj ih pa3pa6oTuiiKOB ynajieHiie bjicmchtob no/ib30BaTenbCKoro hh- 
Tepcjpciica oaiia'iacT MeHbmuii odbCM TecTHpoBamiH h ynpomemie ochobm Kona. KpoMe 
toto, oc.Tao.THCTCH ocTpoTa npodneMbi .TOicacmaauii 11 iiin'Cixjieiica h co i p px p iio/i, pi'pcji Pa i p o ii 
nOKy MCHT aU,ITIT. Bee 3T0 naeT B03M0nCH0CTb .3 ICO 110.Mil’lb BpeMH H /yill.lTP. 

Bot eiu,e HecKonbKO npiiMepoB aKTHBHoro noTpedjieHHH pecypcoB npoueccopa: 
npoBepKa opcjiorpacjuiH h rpaMMaTHKii b noKyMeHTax, iiepeciCT ajieKTpoHHbix 'lao/i 11 u, 
HHneKCHpoBaHiie cjiaiinoB Ha nHCKe pjix ycKopemiH npouenypbi noncKa h neijiparMeH- 
Tau,HH ncecTKoro nHCKa /p/ui noBbimeHiiH 11 ])0 Pi3 i50/p,ii'pe. : i i>ipocp h BBona-BbiBona. 

MHe HpaBHTCH MHp, B KOTOpOM 1 1 0.1 l>.'i() IjaCP CX/l PaCICPIC PI I PT C‘] )(})C HCP>l MHHIIMH 3 IipyiOTCH 
h yii|)omaioTCH, ocTaBHHH oanaiie MecTa /i,.th BH 3 yajiH 3 au,ioi naHHbix, a npimonceHiiH 
caMH npennaraiOT HH 4 )opMaii,Hio, noMoraiomyio dbicTpo pernaTb ipacyimiijic aana'i 11. 
11 |) 11111.10 BpeMH i iiop'pecicu iiciio.TP) 3 »oiia:iii nporpaMMHoe oocciiciciiiie. 
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OllCpaHHOHIlblC CHCTeMbI C BbITeCHHIOmeH MH0r03aAaHH0CTbK> AOAACHbl HCn0JIb30- 
BaTb HeKiifi anropHTM, onpcAC.iaiomiiii nopHAOK h npoaojiacHTejibHOCTb HcnojmeHiiH 
noTOKOB. B 3tom pa.'SACAC paccMOTpeH ajiropiiTM, npn.vieFiHC.vibiii b Windows. H y>i<c 
ynoMimaji o najiiTMiTii b KaacAOM nape noTOKa kohtckcthoh CTpyKTypbi, OTpaacaiomeH 
cocTOHHiie pemcTpoB npon,eccopa noTOKa bo npeMH ero iiciio.iiktiiim. I Iocac KaacAoro 
TaKTa Windows npocMaTpriBaeT bcc cymccTisyiomnc ha pa noTOKOB b noncKax noTOKOB, 
KOTopbie He iraxo/niTCH b pokhmc oachaahhh, BbidupaeT 0,1,1111 H3 hiix h nepeic. iioMaciCH 
Ha ero kohtckct. Ilpn 3 tom cjHiKcupyeTCH, ckoamco pa3 KaacAbiii 113 noTOKOB noTpedoBaji 
nepeKjnoneHHH KOHTeKCTa. 3Ty HHcjjopManHio moacho yBHACTb b noKa3aHHOM Ha puc. 26.3 
OKHe npiuiOHceHiiH Microsoft Spy++, b kotopom bmboahtch CBoiiCTBa Bcex noTOKOB. 
Odpannc BHHMaHHe, 'no Bbi6paHHbiii noTOK 3anycKajiCH 31 768 pars 1 . 

HTaK, KaacAbiri noTOK ncnojiHHeT koa h MaHimyAnpyeT AaHHbiMH b aApecHOM npo- 
CTpaHCTBe npou,ecca. L lepe.3 takt Windows nepeK. iionacr KOHTeKCT. 1 IepeK. no'iemiH 
KOHTeKCTa npoAOAAcaiOTCH c MOMeHTa 3arpy3Kii onepan,HOHHOH chctcmm h ao 3aBep- 
rneHiiH ee padoTbi. 

Windows Ha3biBaiOT MHoronoTonHori onepan,noHHOH chctcmoh c BbiTecHHiomeH 
MHoro3aAanHOCTbio, noTOMy hto KaacAbiii noTOK MoaceT 6biTb ocTaHOBJieH b npoii3BOJib- 
HblH MOMCHT BpeMCHII H BMCCTO HCTO BbldpaH AAH HCnOJIHCHIIH APyrOH. KaK Bbl yBIIAHTC, 
3thm npon,eccoM b KaKOH-TO CTeneHH moacho ynpaBAHTb, ho ncaioni rapaHTupoBaTb, hto 
noTOK 6yAeT HcnoAHHTbCH nocTOHHHO 6e3 npepbiBaHHH ApyrriMH noTOKaivni. 


* ]» i-« »»«• » ■ no _I.I»l«l 



Puc. 26.3. CBoiiCTBa noTOKOB b npn/ioaceHHM Spy++ 


1 Moacho Taxace 3aMeTiiTb, hto iiotok HaxoAHjica b cucTeMe 6ojiee 25 nacoB, ho ncnojiB30BajiCH 
MeHee neM OAHy ceKyHAy npopeccopHoro BpeMeHii. To ecTb peab hact o HenpoAyKTHBHOM pac- 
xoAOBaHini pecypcoB. 
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nPMMEHAHME 

Pa3pa6oTHMKM nacTO 3aAaiOT Bonpoc: kskhm o6pa30M mo>kho rapamupoBaHHO 3anycTHTb 
noTOK nepe3 onpeAeneHHoe BpeMn nocne KaKoro-TO coObuun? HanpuMep, iok 3anycTHTb 
onpeAe/ieHHbiM noTOK aepe3 1 mc nocne npoxo>KAeHMH AaHHbix nepe3 nocneAOBaTenbHbiii 
nopT? ft OTBenaio npocTo: 3to hgbo3mo>kho. 

Taxne Bem,n B03M0>KHbi b onepau,MOHHbix cucTeMax pea/ibHoro BpeMeHn, ho Windows 
k hum He OTHOCMTcn. Onepau,noHHbie CMCTeMbi peanbHoro BpeMeHi/i Tpe 6 yiOT aocko- 
Ha/ibHoro 3H3HHS o 6 opyAOBaHnn, Ha 6a3e KOToporo ohh pa 6 oTaiOT. To ecTb BaM ao/okhw 
6 biTb M3BecTHbi 3aAGpx<Ki/i KOHTponnepoB xecTKoro Ancxa, K/iaBnaTypbi h APyrHx kom- 
noHeHTOB. nnaTcfiopMa Windows co 3 AaBa/iacb b Microsoft Ana pa 6 oibi c caMbiM pa 3 HbiM 
annapaTHbiM oOecneaeHi/ieM: pa3nnHHbiMi/i npopeccopaMn, APafiBepaMn, ceTSMn i/i t. n. 
MMeHHO noaTOMy OHa He HB/ineTcn onepaunoHHori cmctomom peanbHoro BpeMeHi/i. 
CneAyeT Ao 6 aBHTb, hto n3-3a CLR ynpaBnaeMbiii koa eine xyxe npncnoco 6 neH Ana pa- 
60 ™ b pea/ibHOM BpeMeHM. ripHHi/iH 3T0My mhoto, b tom snc/ie AHHaMnnecKan 3arpy3xa 
6 n 6 /inoTeK, JIT-KOMnnnHu,i/in koab n y 6 opi<a Mycopa, Hana/io BbinonHeHnn KOTopoi/i He- 
bo3moxho cnporH03npoBaib. 


KaacAOMy noTOKy iia.iiianacioi ypoBeHb iipiiopriTcra c HyjieBoro (caMoro Hii3Koro) 
AO 31 (caMoro BbicoKoro). IIpii Bbi6ope noTOKa, KOTopbin 6yAeT nepeAaH iiponeccopy, 
cnaaa.'ia paccMaTpiiBaiOTCH noTOKii c caMbiM bmcokhm npi-iopMTeTOM h CTaiuiTCM b one- 
peAb b miK. ic. ITpn ooiiapyaceiin n noTOKa c iipiiopirrcTO.vi 31 oh nepeAaeTca npou,eccopy. 
Ilocjie 3aBepmeHHH TaKTa iiiuctoi CAeAyromnii noTOK c aiia.ioni'iiibiM npnopuTeTOM, 
hto 6 m nepeKJiiOHiiTb Ha Hero KOHTeKCT. 

ITpri naAHHHH b onepeAH noTOKOB c npriopHTeTOM 31 CHCTeMa HiiKorAa He nepeAacT 
npon,eccopy noTOK c MeHbmiiM npnopuTeTOM. 3 to ycAOBiie naabmacTOi 3 aeucanueM 
(starvation), a B03HiiicaeT oho b CAynae, KorAa noTOKii c bmcokhm npnopuTeTOM no- 
Tpco./iaiOT npaKTHnecKH Bee ape Vi a npou,eccopa h iic asiot Hcno.iimibca noTOKaM 6ojiee 
Hii3Koro npnopHTeTa. 3amicaimc HaMHoro peace B03HHKaeT Ha MaiHHHax c MHoronpo- 
n,eccopHoii KOHcjmrypaiuieH, Ha kotopmx noTOKii c iipiiopi-rrcTa\iii 31 h 30 MoryT hc- 
nojiHHTbca OAHOBpeMeHHO. CucTeMa BcerAa crapacTca 3arpy3HTb npou,eccop, iio.'jro.Yiy 
OH npOCTaHBaeT TOAbKO npn OTCyTCTBHH rOTOBbIX K HCnOJIHeHIIIO nOTOKOB. 

IIOTOKH C BMCOKHM npHOpHTeTOM BCerAa HCnOJIHHIOTCH nepeA nOTOKaMH C HH3KHM 
npi-iopriTeTOM BHe 3aBHCHMOCTH ot Toro, KaKne aa/puniM bmhoahhiot nocjieAHne. Ecah 
b cncTeMe pa6oTaeT noTOK c iipiioprrrcTO.vi 5 h criCTC.via oiipcACAjier, hto noTOK c ooace 
bmcokhm npnopuTeTOM roTOB k pa6oTe, ncnoAHeHiie homcaachho npnocTaHaBAH- 
nacTCM (Aaace ecAH noTOK naxo/urroi b cepeAime TaKTa) h npoueccopy iiepeAaeTOi 

HOBblil nOTOK. 

B nportecce 3arpy3Kii CHCTeMa C03AaeT nomoK o 6 nyjieHmi cmpanuu, (zero page thread), 
KOTopoMy Ha3HanaeTCH HyAeBoii npiiopiiTeT. 3 to eAHHCTBeHHbiii noTOK b cncTeMe c Ta- 
khm npnopuTeTOM. Ero 3AAana coctoiit b odnyACiiiiH cbo 6 oahmx CTpamm ii iicnoAHHeTCH 
OH TOAbKO npil OTCyTCTBHH APVIHX nOTOKOB. 

II ci ioc acao, hto c tohkii 3pcnn>r pa3pa6oTHHKa CAoacHO npiiAyMaTb pan,HOHaAbHoe 
oO'bMCiieime Ha3HaHeHiiio noTOKaM npnopHTeTOB. IIoHeMy OAHOMy noTOKy npiiCBoeH 
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npiiopuTeT 10, a ApyroMy — 23? J\j. ih peuiemiH 3Toro Bonpoca Windows bboaht a6- 
CTpaKTHyro «npocjiOHKy» HaA ypoBHCM npiiopHTeTOB. 

11 pH pa3pa6oTKe npiiAOAcemiH CAeAyeT penniTb, aoaacho ah oho peampoBaTb 6bicTpee 
hah MeAAeHHee, mcm Apyrne 3anymeHHbie Ha otoh ace Mannrne npiiAoaceHiiH. B coot- 
bctctbhh c 3thm pememic.vi BbidiipaeTCHKAacc npnopHTeTa aah npouecca. B Windows 
noAAepacHBaiOTCH mecTb kahccob npnopHTeTOB : Idle (xoaoctoto xoAa), Below Normal 
(miace odbiAHoro), Normal (odbiHHbiii), Above Normal (Bbinie odbimioro), High (bmco- 
khh) h Realtime (peanbHoro BpeMemi). IIo yMOAnamno Bbi6npaeTCH npiiopuTeT Normal, 
oh ace hbahctch caMbiM pacnpocTpaHeHHbiM. 

IlpHopHTeT xoAOCToro xoAa noAxoAHT aah npiiAoaceHHH, KOTopbie 3anycKaiOTCH 
b CHCTeMe, rAe oo./ibme mi aero He nponcxoAHT (sto TaKne npiiAOAcemiH, KaK xpaHHTeAH 
3KpaHa). /ia>i<e He HcnoAb3yeMbiii b HHTepaKTHBHOM peacHMe KOMnbiOTep mo>kct 6biTb 
3aHHT (k npiiMepy, (jiyHKHHomipyH KaK cjiaiiAOBbiii cepBep) h He aoaacch KOHKypupoBaTb 
3a npon,eccopHoe BpeMH c xpamiTeAeM siqiana. I Ipii.ioaccimM aah c6opa CTaTiiCTiiKii, 
nepnoAHnecKH ooimb.imomne HeKOTopoe cocTOMime, oobrmo Toace He AOAacHbi CTaHO- 
BHTbca npeiniTCTiHiCM aah 6oAee BaacHbix 3aAaHiiii. 

BbICOKHH npiiopuTeT CAeAyeT HCn0Ab30BaTb TOAbKO TaM, I'AC 3TO AeiiCTBIITeAbHO He- 
o6xoahmo. A npnopiiTeTa peaAbHoro BpeMemi noon me jiymic no bo3moachoctii H36eraTb. 
Ero Bbidop MoaceT noMemaTb BbinoAHemno TaKiix ciicTc.vmbix 3aAamiii, KaK ahckobhh 
bboa-bmboa hah nepeAana AaHHbix no cent. IIotok c npnopiiTeTOM peaAbHoro BpeMemi 
MoaceT noMemaTb o6pa6oTKe AaHHbix, bboahmmx c KAaBiiaTypbi iiaii npn noMomu Mbimn, 
C03AaBaa y iio./ibaobaTC./m mic'ia rjiciinc, >no cucTeManepecTaAapadoTam Ilo 6oAbmoMy 
cicry aah Bbidopa TaKoro npnopiiTeTa HyacHO iimcti, BecKiie ocnobaima, iianpiiMcp He- 
odxoAHMOCTb c MiiHiiMaAbHOH 3aAepacKoii OTBenaTb Ha codbiTHH annapaTHoro ypoBHH 
hah BbinoAHHTb KaKne-TO iqiax KTmpc.Yiei m r,ie aa/mmui. 

nPMMEHAHME 

HTo6bi cudeMa paboTa/ia 6e3 cboeB, npopecc hgbo3mo>kho 3anycTiiTb c npnopiiTeTOM 
peanbHoro BpeMemi npii otcytctbuh npaB Ha yBe/mieHHe npnopiiTeTa Bbino/iHeHiia. 
3Ta npnBiiTiernH no yMonnaHino nMeeTca TO/ibKO y aAMiiHiiCTpaTopoB n no/ib30BaTe/ien 
c pacLunpeHHbiMn npaBaMii. 


Bbi6paB KAacc npnopiiTeTa, He HyacHO AyMaTb o tom, KaK Bame npnAoaceHne cootho- 
CHTCH CO BCCMII OCTaAbHblMII ll|')H. : IO>KCmiHMIl, AOCTaTOHHO COCpeAOTOHIlTbCH Ha nOTOKaX 
CBoero npiiAOAcemiH. B Windows noAAepaciiBaiOTCH ceMb OTHOCHTeAbHbix npnopiiTeTOB 
noTOKOB: Idle (xoaoctoto xoAa), Lowest (caMbiii mi3KHii), Below Normal (miace odbin- 
hoto), Normal (odbmm>iii), Above Normal (Bbirne odbimioro), Highest (caMbiii BbicoKiiii) 
h Time-Critical (Tpedyiomnn hcmcaachhoh odpadoTKii). 3th npnopHTeTbi cootho- 
chtch c KAaccaMii npnopiiTeTOB nponecca. IIo yMO.mamiio aah noTOKOB ncnoAb3yeTCH 
odbmHbiii npnopHTeT, cooTBeTCTBeHHO, oh npiiMCHHeTCH name Bcero. 

IIoaboah htot, CKaaceM, tio npoupcc hbahctch 'uieno.vi KAacca npnopHTeTa n BHyTpn 
Hero noTOKaM Ha 3 HanaiOTCH CBH 3 aHHbie Apyr c ApyroM npiiopiiTeTbi. Ecaii bh 3 aMeTiiAii, 
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H mi'iero He roBoptui 06 ypommx npnopnTeTa c HyjieBoro no 31. Pa.3pa6oT'niKii npn- 
./IO>KC 11 II IT 1111 KOI Via He HMeiOT C HIIMH /ICjia liai[|)MMVIO. 3a HIIX 3TO /[CaaCT CHCTCMa. 
CooTHomeHiie .vtea<Ay KJiaccoM npnopnTeTa npon,ecca, OTiiocine.ibiibiM npnopHTeTOM 
noTOKa h HToroBbiM ypoBHeM npnopuTeTa njunocTpiipyeT Ta6a. 26.1. 


Ta6/iML(a 26.1. OnpefleneHne ypoBHH npnopuTeTa Ha ocHOBe K/iacca npnopuTeTa 
npopecca n OTHOCMTe/ibHoro npnopnTeTa noTOKa 


OTHOCMTe/IbHblM 
npnopnTeT noTOKa 

Ksiacc npnopnTeTa npopecca 

Idle 

Below 

Normal 

Normal 

Above 

Normal 

High 

Realtime 

Time-Critical 

15 

15 

15 

15 

15 

31 

Highest 

6 

8 

10 

12 

15 

26 

Above Normal 

5 

7 

9 

11 

14 

25 

Normal 

4 

6 

8 

10 

13 

24 

Below Normal 

3 

5 

7 

9 

12 

23 

Lowest 

2 

4 

6 

8 

11 

22 

Idle 

1 

1 

1 

1 

1 

16 


K npimepy, ecjni noTOK c npnopHTeTOM Normal ii|)inia/i,.TC>KHT npon,eccy c npnopn- 
TeTOM Normal, eMy Ha3HanaeTCH ypoBeHb npnopnTeTa 8. TaK KaK npnopnTeT Normal no 
yMO.T'iaiiiiio iiciio.TbaycTca KaK nj ihKJ iaccoB, TaK h a-th noTOKOB, 6ojibmiiHCTBO noTOKOB 
b CHCTeMe itmciot ypoiiciib npnopHTeTa 8. 

JXjih noTOKa c npnopHTeTOM Normal b BbicoKonpnopnTeTHOM npon,ecce ypoBeHb 
npnopHTeTa paBeH 13. Ecjih iio.vienaTb KJiacc npnopHTeTa Ha Idle, ypoBeHb npnopn- 
TeTa noTOKa chh3htch ao 4. IIoMHnTe, tio npnopnTeTbi noTOKOB ciiM.saiibi c KJiaccoM 
npnopnTeTa iiponecca. Ilpn H3MeHeHHH nocacAiiero OTHOCHTejibHbin npnopnTeT noTOKa 
ocTaeTca 6e3 H3MenennH, a bot ypoBeHb npnopnTeTa .vienacTOi. 

06paTHTe BHHMaHne: b Ta6jinn,e iict KOMOnHaiinn, npn KOTopon noTOK no./iyiacT 
HyjieBon ypoBeHb npnopnTeTa. KaK yace ynoMHHajiocb, otot npnopnTeT 3ape3epBiipoBaH 
Aah noTOKa o6HyjieHHH CTpamm, noaTOMy cncTeMa He no3BOJiaeT npncBOiiTb ero KaKOMy- 
to Apyroivry noTOKy. 11 CAOCiym i bi TaiOKC cjieAytomne ypoBHH npnopnTeTa: 17, 18, 19, 
20, 21, 27, 28, 29 n 30. Ohii 3ape3epBiipoBaHbi no a Apart isepai ycipoiicTi:, paooTaiomire 
b peacHMe HApa, a noTOMy He npncBanBaiOTCH nojib30BaTeAbCKHM iipii.ioaceimaM. 06- 
paTHTe BHHMaHne, tio noTOK b KJiacce npnopnTeTa Realtime He MoaceT HMeTb ypoBeHb 
npnopnTeTa miace 16. B to ace BpeMH noTOKii b ocTajibHbix KJiaccax npnopnTeTa He MoryT 
IIO.TV'{HT I) ypOBCHb liblllie 15. 
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nPMMEHAHME 

KoHu,enu,nn xnaccoB npnopHTeTa npopecca MoaceT HABecTH Ha Mbic/ib, hto Windows 
KaKMM-TO o6pa30M ynpaB/ineT onepeAHOCTbio npopeccoB. Ho osepeAHOCTb onepapnoH- 
Has CHCTeMa onpenenneT ranbxo Ann noTOKOB. Knacc npnopHTeTa npopecca nB/meTcn 
aOcTpaKTHbiM noHmi/ieM, noMoraioiAMM nornnecxH conociaBHTb OTHOcme/ibHyio BaxHOCTb 
OAHoro 3anyLAeHHoro npnjioxeHnn c ocTanbHbiMn; Hnxaxnx APyrnx cJiyHXLj.HH y Hero HeT. 


BHMMAH11E 

JlyHiue CHM3HTb npnopnTeT oahoto noTOxa, neM noBbicnTb npnopnTeT APyroro. OdbMHO 
noHMxeHHe npnopnTeTa TpedyeTcn, ecnn noTOK Bbino/iHseT AnnTenbHbie BbinncneHnn, 
HanpriMep xoMnn/inpyeT xoa, npoBepneT opc£>orpa<i>Hio, nepecHHTbiBaeT anexTpoHHbie 
Ta6nnu,bi n t. n. noBbiniaTb npnopnTeT MMeeTCMbicn, ecnn noTOx AonxeH dbiCTpo oipea- 
mpoBaTb Ha xaxoe-TO codbime, 3anycTHTbcn Ha xopotxhh npoiviexyTOx BpeivieHH h Bep- 
HyTbcn b cocTonHue oxnAaHnn. IIotoxh c bwcokhm npnopmeTOM SonbLuyio nacTb CBoero 
cyLpecTBOBaHHn HaxoAnTcn b pexnivie oxnAaHnn, He B/innn Ha dbiCTpoAencTBne Been 
CHCTeMbi. B KanecTBe npniviepa noTOxa c BbicoxnM npnopnTeTOM mo>xho ynoMHHyTb noTOx 
ripoBOAHMxa Windows (Windows Explorer), OTcnexHBaxDLAHH Haxame xnaBninn Windows 
no/ib30BaTe/ieM. IIpoboahhx npnocTaHaBJiHBaeT noTOXH c donee hh3xhm npnopnTeTOM 
n HeMeAneHHO bwboaht Ha axpaH MeHKD. B npopecce HaBnrau.nn noTOx npoBOAHHxa 
Windows dbiCTpo OTBenaeTHa Haxainn xnaBHLu, o6HOBnseT mchkd h npnocTaHaB/inBaeTcn 
AO cneAyKOLpero HaxaTnn xnaBHiiin nonb30BaTeneM. 


06mhho iiponccc nojiyuacT Kjiacc npnopHTeTa b 3aBHCHMOCTH ot Toro, kakhm npo- 
i ACCOM oh 6bui 3anym,eH. EonbimiHCTBO npopeccoB iiHimmipyiOTCH 11])0uo/rmi ko vi 
W indows, npiiCBaiiBaiomHM BceM cbohm noTOMKaM Knacc npnopHTeTa Normal. YnpaB- 
jiaeMbie npiinoncemiH He MoryT BjiapeTb cboiimii npopeccaMH, ohii 3anycKaioTCH b poMeHe. 
M.vtemio noaTOMy ohii He MoryT MeHHTb Knacc npnopHTeTa npopecca, ne/i,b oto OKaaceT 
BjiHHHHe Ha Becb 3anymeHHbiii b npopecce koa. K npimepy, MHorne npunoaceHiiH ASP. 
NET BbmojiHJHOTCH b oahom iiponccce, xoth KaacAoe H3 hiix padoiacT b codcnseimoM 
AOmciic ii|)ii./io>i(emiii. To ace caMoe moacho CKa3aTb o npnnoaceHHHx Silverlight, 3any- 
CKaeMbix b npopecce iiHTepHeT-6pay3epa, hjih ynpaBAHCMbix xpamiMbix iiponcyiypax, 
3anycKaeMbix miyipn npopecca Microsoft SQL Server. 

B to ace BpeMH nprinoaceHiie MoaceT MeHHTb OTHOCHTenbHbiii npnopriTeT cbohx 
noTOKOB npn homo imi ciioiicrua Priority K./iacca Thread, KOTopoMy npucBariBaeTCH 
oaho i-i3 niiTH 3HaneHHH (Lowest, BelowNormal, Normal, AboveNormal hah Highest), 
onpeAeAeHHbix b nepenucneHiiH ThreadPriorlty. Ilpn otom tohho TaK ace, KaK 
Windows pe3epBiipyeT ajih ce6n HyneBoii ypoBeHb h ypoBeHb peanbHoro npcMemi, CLR 
pe3epBiipyeT ypoBHii npnopHTeTa Idle h Time-Critical. B nacioainee BpeMH b CLR 
OTcyTCTByiOT noTOKii c ypoBHeM npnopHTeTa Idle, ho b 6yAymeM any a hum MoaceT no- 
MCHHTbCH. IIpH 3TOM nOTOK (J)HHaAH3ar(HH, O KOTOpOM IHAa pen, B I’./iaiSC 21, HCnOAHHCTCH 
Ha ypoBHe npnopHTeTa Time- Critical. Cootbctctbchho, pa3pa6oTHHKaM ynpaBAHCMbix 
npiiAoaceHHH ocTaiOTCH nHTb npnopriTeTOB noTOica: b Ta6 a. 26.1 oto ctpokh co BTopoii 
(Highest) no inecTyio (Lowest). 
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BHMMAHME 

B HacTOflinee BpeMa peflKO BCTpenaiOTcn npn/ioxeHi/w, i/icno.nb3yiOLLi,ne npiiopnTeTbi no- 
tokob. TeM He MeHee xoie/iocb 6 bi HaAenTbcn, hto b OyAyiueM, KorAa npoueccopbi 6 yAyT 
3arpyxeHbi Ha 100 %, HenpepbiBHO Bbino/iHan none3Hyio pa 6 oiy, hmghho npnopnTe™ 
noTOKOB no3BO/iHT oOecnennBaTb 6 bicipoAeCiCTBne CHCTeMbi. K coxaaeHmo, ceiiHac 
KOHenHbie no/ib30BaTean BOcnpi/iHHMaiOT Bbicoxyio 3arpy3Ky npopeccopa iok cnma/i, 
hto npi/uioxeHiie Bbiin/io n3-noA kohtpo/ih. B OyAyiueM MHe xoTenocb 6 bi, htoOh 3tot 
cfiaKTop BOcnpHHHMa/iCH noaoxHTeabHO, iok 3Hax toto, hto KOMnbiOTep aKTMBHO 06 - 
paOaTbiBaeT nH<t>opMaunio atih no.nb30BaTe.nn. llpoOneMa b tom, hto ecnn 3aHHTb npo- 
ueccop o 6 pa 6 oTKOM noTOKOB c ypoBHeM npnopnTeTa 8 n Bbiiue, npiinoxeHnH MoryT 
HanaTb HeAOCTaTOHHO ObicTpo peampoBaTb Ha bboa ashhux nonb30BaTeneM. HaAeiocb, 
hto b OyAyLAefi Beponn flncneTnepa 3aAan b OTneTe o 3arpy3Ke npoueccopa OyaeT <t>i/i- 
rypnpoBaTb Taxxe nHcpopMaunn 06 ypoBHnx npnopnTeTa noTOKOB. 3to ropa3AO nyHiue 
noMOxeT b AnarHOCTHKe npoOneM. 


Yiiomhiic.m o iia./ui'imi b npocTpaHCTBe hmcii System.Diagnostics KJiaccoB Process 
it ProcessThread (miponcM, sto othochtch tojibko k HacTOJibHbiM iipii.Toacemi mm, ho He 
k npHJioaceHHHM Windows Store). Ohh coAepacaT iiiiijiopMaioiio o coctohhiih npouecca 
h noTOKa c tohkh apeima Windows. 3th Kjiaccbi rra.'ii ihmcm i i>i pjia paapaooTHiiicoi!, 
/KC.TaioiHHx naimcaTb cepBHCHoe npruioateHneHaynpaBJiaeMOM icoac hjih iii.naioiuiixca 
OCHaCTHTb CBOli KOA IIHCTpyMeHTaMH, nOMOraiOHIIIMII B OTAaAKe. IIoaTOMy AaHHbie KAaCCbl 
nonajni b npocTpaHCTBO hmcii System.Diagnostics. J\na AOCTyna k ashhbim KJiaccaM 
npujioaceHHHM iieooxo/uiMbi cneiuia./ibiibie npaBa ciiCTCMbi 6e3onacHOCTH. Bbi hc c.moacctc 
npHMeHHTb .n il KJiaccbi, k npiiMepy, b iipii.TO/KeiiiiMx Silverlight hah ASP.NET. 

C Apyroir CTopoHbi, npiiAoaceHHH MoryT B0cn0Ab30BaTbcn KAaccaMH AppDomain 
h Thread, o6cciieHiiiiaioiuii.Mii npocMOTp cpeAoii CLR aomchob h noTOKOB. /[aii paooibi 
c othmh KAaccaMH no oo.Tbiiicii Haem hc TpeoycTCii cneu,HaAbHbix npaB CHCTeMbi 6e3- 
onacHOCTH, xoth HeKOTopbie oncpaniiii AOCTynHbi toabko npn hhahahh onpeAeAeHHbix 
npHBH Aernii. 


OOHOBbie M aKTMBHbie nOTOKM 

B CLR bcc noTOKH acahtch Ha aKTHBHbie (foreground) h cjioiioiibie (background). IIpi! 
3aBepmeHHii aKTHBHbix noTOKOB b iipouccce CLR npiiHyAHTeAbHO 3aBepmaeT Taicace 
Bee 3anymeHHbie Ha stot momcht (jionoiibie noTOKH. IIpn stom 3aBepmeHne cjiOHOBbix 
noTOKOB npOIICXOAHT HeMeAAeHHO H 6e3 11011 ll.TCI111II HCKAIOUeHHH. 

CAeAOBaTeAbHO, aKTHBHbie nOTOKII HMeeT CMbICA HCn0Ab30BaTb A.T 1 I HCnOAHeHHH 
3aAaHioi, KOTopbie oOMaaTC.ibiio TpedycTcn 3aBepniHTb — HanpiiMep, aah iicpe.vicincimii 
Ha AHCK AaHHbIX H3 6y(j)epa B lia.MMTH. 0OHOBbie ace nOTOKH MOaCHO OCTaBHTb AAA TaKHX 
HCKpHTHHHblX 3a/l,aH, KaK IIC|)CCHCT 11 HOCK 3AeKTpOHHbIX Ta6a II11 HAH I-IHACKCHpOBaHHe 
3anHceH. BeAb 3Ta paoora MoaceT 6biTb npoAOAaceHa h iioc.tc nepe3arpy3Kii npriAoace- 
hhh, a anaHHT, hot Heo6xoAHMOCTH HacriAbHO ocTaBAHTb npiiAoaceHiie padoraTb, KorAa 
noAb30BaTCAb nbiTaeTCH ero 3aKpbiTb. 
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Kom(cnnH>T aKTiiBHbix h <))(>[iois[»[ x noTOKOB b CLR 6buia bnexena ana jiyancii noy- 
AepacKH aoMeHOB npiuioAcemin. KaK bm 3HaeTe, b KaacAOM AOMCHe MoaceT 6biTb 3anymeH0 
OT/i,ejibHoe npiixoaceHiie, npn stom KaacAoe Tanoe npiuioacemie MoaceT nMeTb co6cTBeHHbiii 
cjjOHOBbiH noTOK. /[aace earn oaho 113 npiuioacemiii saiscpmacTCH, 3acTaBjnra 3aBepmiiTbca 
cboh (jxmoiibiii noTOK, cpexa CLR bcc paBHO AOAACHa <))y 11 ki 111011 npio isaapj, noAAepacHBaa: 
ocTaabHbie npHJioaceHHH. H TOJibKO nocae Toro KaK bcc npiuioatemm co BceMM cbohmh 
( jjOHOBbiMH ii|)Onccca.\in 6yxyT 3aBepmeHbi, MoacHO 6y/i,eT ymi i no>KHTb Becb iipoHCCC. 

Cae/iyiOmHH KOA AeMOHCTpnpyeT pa3HIIU,y MeaCAy (flOHOBbIM H aKTHBHbIM no- 
TOKaMH: 

using System; 

using System.Threading; 

public static class Program { 
public static void Main() { 

// Co3flaHMe hoboto nOTOKa (no yMOnsaHuro aKTUBHOro) 

Thread t = new Thread(Worker); 

// npeBpameHue nOTOKa b ^oHOBbiii 
t.IsBackground = true; 

t.Start(); // CTapT nOTOKa 

// B cnynae aKTMBHoro nOTOKa npnnoa<eHne 6yAeT pa6oTaTb okoao 10 ceKy ha 
// B cnynae i^oHOBoro nOTOKa npMAO*eHne HeMeAneHHO npeKpaTMT pa6oTy 
Console.WriteLine("Returning from Main"); 

} 

private static void WorkerQ { 

Thread. Sleep(10000); // klMHTauMa 10 ceicyHA pa6oTbi 

// CneAywmaa CTpoKa bnboahtcb TOAbKO aaa koaSj 

// MCnOAHBeMOrO aKTHBHbIM nOTOKOM 

Console.WriteLine("Returning from Worker"); 

} 

} 

IIOTOK MOACHO lipCIipaiUaTb H3 aKTHBHOTO B (jlOIIObblii H o6paTHO. OCHOBHOH nOTOK 
npiuioacemiH it bcc iiotokh, b hbhom bmac co3AaHHbie nyTeM laiiicrpyi-ipobamia oo'bcirra 
Thread, no yMOjriamiio mh.tmiotcm aKTiiBHbiMH. A bot noTOKH 113 nyaa no yMOJinamno 
hbjihiotch cjiOHOBbiMH. Taicxce noTOKH, co3AaBaeMbie ManiHHHbiM koaom h nonaAaiomne 
b yr 1 ])a 1;1 c m y k) cpeAy ncnoAncnna, iioMC'iaiOTCM KaK <}x) rouble. 

BHUMAHME 

no bo3moxhoctm CTapawTecb it36eraTb aKTitBHbix noTOKOB. OAHaxAbi MeHA nonpocnan 
onpeAeawTb, nonerviy npM/ioxem/ie HMKaK He MOxeT 3aBepi±mTb cbokd paSoTy. npoBO- 

3MBLUHCb HeCKOAbKO HaCOB, 0 TIOHAA, HTO npMHHHOH 6blA KOMITOHeHT n0Ab30BaTeAbCK0r0 
MHTepcheirca, b abhom bmag C03AaiOLAMPi aKTi/iBHbii/i noTOK. nocAe Toro KaK KOMnoHeHT 
3acTaBMAn ncnoAb30BaTb noTOK H3 nyAa, npoSaeMa 6bma peweHa, a 3aoAHO noBbicwAacb 
w oSuiaA acJxJieKTi/iBHOCTb pa6oTbi npi/iAOxeHMA. 
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Hto flajibLue? 

B 3toh rjiaBe mm pacc.viOTpc. : in ochobm pa6oTH c noTOKaMH. I lapeiocb, bm ycBOHjin, hto 
noTOK iicnojiHeHiiH hbjihctch poBOJibHO poponiM pecypcoM h ncnojib30BaTb ero caepyeT 
KpafiHe aKKypaTHO. Jlynuie Bcero 3apeftcTBOBaTb nyji noTOKOB cpepbi CLR, KOTopbiii 
coapaci h yiiiiMTOicaeT noTOKii aBTOMaTHHecKii. ITyji npepparaeT Ha6op noTOKOB p.mi 
pcmcmiM pa3JiHHHbix 3apan, h HeKOTopbie H3 sthx noTOKOB Bnojme cnpaBHTCH c perne- 
HiieM 3apan Barnero npupoaceHim. 

B rjiaBe 27 mm noroBopiiM o tom, KaraiM o6pa30M nyji noTOKOB no3BOJiaeT BbinojiHHTb 
BbiHHCJiHTejibHbie oncpannn. L/iaisa 28 iiocisamena oocyacpeimio toto, KaK c iio.vioim.io 
KOM6iiHai],Hii nyjia noTOKOB h aciiHxpoHHOH MopePH nporpaMMupoBaHira CLR isi.iiio. i- 
HHTb oncpannn BBopa-Bbreopa. Bo mhotiix cmyaijnax aciiHxpoHHbie isbiaHCjimc.ai.in.io 
onepau,HH n onepapioi BBopa-Bbreopa mopcho m.ino. iiia rp. TaKi-iM o6pa30M, hto ciraxpo- 
nnaannn noTOKOB BaM Boodme He 11oipe6ycTca. TeM He MeHee ociaiOTca cnTyannn, 
B KOTOpbIX 6e3 CHHXpOHH3aU,HH He odOHTHCb. KOHCTpyKU,HH, 11|)IIMCI[MC.V1 bIC PPH CHH- 
xpoHH3au,HH, h pa3Him,a Meacpy hhmh paccMaTpimaioTCH b iviaisax 29 H 30. 

B 3aKjiK)HeHiie yi pom any, hto s-i hhtchchbho iiciio;ib.30isa. : i noTOKii, iiaaniiaa c nepBoii 
6eTa-Bepcini Windows NT 3.1, iiomisiiisiiichcm npimepHO b 1992 ropy. I locae Bbixopa 
6eTa-Bepciiii .NET a iia i ta./i coapaisaTP. onoano'iCKy KJiaccoB, no.aiso. iaiomyio ynpocTHTb 
acHHxpoHHoe nporpaMMiipoBaHiie h cnHxpoHH3au;nio noTOKOB. 3Ty 6ii6./hiotckv (oHa 
iia.sp.iisae i CH Wintellect Power Threading Library) mopcho 3arpy3iiTb 6cci p./papp po. Cyme- 
CTByiOT ee Bepcnn /pin o6mhhoh cpepbi CLR, a Taicace /pin Silverlight CLR h Compact 
Framework. Hair™ dridpuoTeicy, poKyMeHTaniiio h npiiMepbi Kopa MoacHO no appecy 
http://Wintellect.com/PowerThreading.aspx. TaM ace HaxopHTCH ccmjikii Ha (|)opyM nop- 
pepacKH h Ha BHpeopojniKii c npiiMepaMii n<'iio. ii,:soisaiiiia paa./iii'mi.ix KOMnoHeHTOB 
6h6photckh. 



TiaBa 27 . AcmixpoHHbie 
BbiHiicjiMTe/ibHbie onepaum/i 


B stoh ruaBe paccKa3biBaeTCH o paa.iiimmix cnoco6ax aciiHxpoHHoro BbmojmeHHH 
onepau,HH, BbmeceHHbix b oi/tc./r i>i i i>ic iiotokii. K isi.iiicjiii icjii i>i m oiiepamiMM, b nacT- 
HOCTH, OTHOCHTCH KOMnHJIHIJHH KOya, npOBCpKa Op<})Orpa<})l1l1, npOBepKa rpaMMaTI-IKIi, 
ncpcocT ajieKTpoHHbix Tadjmu;, iicpcKo;i,npoiiaimc avyno- h imyeoyammix, co.ayaHirc 
MiiHi-iaTiop iiaodpaacemiii. KaK rsiryiiTC, TaKiie onepaHiiii BCTpenaiOTCH b cjiHHaHCOBbix 
H TCXim'tCCKUX II|)I1./I0>KCIII1 MX nOBCeMeCTHO. 

BojibmiiHCTBO ii|)ii.io>Kcimii He TaK yac mhoto BpeMeHii vyeyacT o6pa6oTKe iiaxoya- 
ihiixch b naMHTiiyam mix hjiii Hbi'iHCjieiniMM. 3to jienco npoBepiiTb, otkpmb /lyicncTnep 
sayan Ha BKJiayKe Performance (EbiCTpoyeMCTBiie). 3arpy3Ka npoyeccopa MeHee 100 % 
(a HMeHHO TaKaa KapTHHa iladiloyac'ioi b oo.mmimc'me caynaeb), oananacT, hto 3any- 
meHHbie npou,eccbi He iicnoyb3yiOT Ha nojmyio .vioiimocTb pe3epBbi Bcex nyep. Taioice 
3to oaiianaer, hto HeKOTopbie (ecjni He Bee) noTOKH b npoyeccax BOo6me He ncnoji- 
hhiotch. Ohii acyyT onepau,HH BBoya hjih BbiBoya, Hanpimep cpaoaTbmaim a aair .viepa, 
HTeHiia yammix H3 6a3bi hjih .aanncn yam mix b Hee, HaacaTiia KJiaBHiHH Ha KJiaBiiaType, 
nc|:)C.vicineimM yKa3aTejiH hjih naacai iui KHonKii Mbimii. Ilpn onepaijHHX isiHura-isiauo/ra 
ApaiiBepbi Microsoft Windows HHHijHHpyioT padoTy ycTpoiicTB, a caM npoyeccop b sto 
BpeMH He HcnojiHHeT noTOKH, 3anymeHHbie b cucTeMe. M.viemio nosTOMy yncnei 'icp 
3ayan noKa3biBaeT Hii3Kyio 3arpy3Ky npoyeccopa. 

OymiKO yaace npiuioaceHim, iipeyiiaaiia'iemmie yyy onepaHiiii BBoya-BbiBoya, od- 
padaTbiBaiOT nojiynaeMbie yammie, noaTOMy paciiapa/ijiejiniiamic imimicjieimii MoaceT 
anamney imo noBbiciiTb hx nponycKHyio ciiocooiiocti,. B stoh i./ianc paceicaabiiiacroi 
o nyjie noTOKOB odiiics-iabiKoiioii riciio.iimiomeii cpeybi h ochobhbix npneMax ero iic- 
no./maobaimi ' a . 3to Kpaime naaniaii nn(jxjpManriH, TaK KaK nyji noTOKOB mii. imc'icm k. iio- 
’iCHoii Tcxiio.ionieii, odeciic'iimaionieii pa3pa6oTKy h peajiii3aH,iiio Mac1i readnpye.virax, 
6 bicTpopea rn py 10 mux h HayeacHbix npiuioaceHiiii n KOMnoHeHTOB. TaKace b stoh rjiaBe 
paccKa3biBaeTca oMexaHH3Max, iioaiio.is-iioiimx BhinoyHHTb imimKijmiejmimieoiiepamm 
nocpeycTBOM nyjia noTOKOB. 3th onepaHiiii nponcxoyHT b aciiHxpoHHOM peacn.vic, tio 
iioano.is-icr, BO-nepBbix, oocciiemi i b dbiCTpyio peaKunio Ha yeiiCTBHH no. maoBarejicii 
npiuioaceHiiii c rpacjnraecKiiM nmeixjieiico.vi, bo-btophx, pacnpeyejiHTb aa mi via ion me 
MHoro BpeMeHii iibimicjiemm \ie>i<yy pa3JiiiHHbiMH npoii,eccopaMH. 

riy/i noTOKOB b CLR 

KaK 6bmo otmcmciio b npeybiyymeii r./iane, co.ayaime h ymnnoacemie noTOKa 3aHiiMaeT 
H3pay,HoeBpeMH. KpoMe Toro, npn iia./inmin MHoacecTBanoTOKOB BnycTyio pacxoyyeTCH 
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naMHTb H CIIH'/KaCTCH npOII3BOAHTejIbHOCTb, Beflb Onepai],HOHHOH CHCTeMe npHXOAHTCH 
njiaHiipoBaTb Hcnojmemie noTOKOB h Bbino/iHHTb iiepeic.noaeima KOHTeKCTa. K oiacTbio, 
cpena CLR cnoco6Ha ynpaB/iHTb co6cTBeHHbiM nyjiOM noTOKOB, to ecTb Ha6opoM roTOBbix 
noTOKOB, AOCTynHbix /pin Hcnojib30BaHHH npnjioaceHH mmh. /L : ih Kaac/i,oro aicscMii/iapa 
CLR cymecTByeT cboh iiyji, ncnojib3yeMbifi BceMi-i /lO.vieiiaM n npHjioaceHHH, iiaxo/pi- 
miiMHCH Iioa yii|)aii./i(MiHCM aiocMii. is-ipa CLR. Ecjih b o/iiiii npoiiecc aaipy/KaioTOi 
HecKOJibKO ;:)K3 Cmii. im|)oh CLR, /lym Kaacporo H3 hhx cjiopMHpyeTCH co6cTBeHHbiii nyji. 

IIpH HHHUHajiH3apHH CLR nyji iiotokob nycT. B ero BHyTpeHHeii peajm3auiiii no/mep- 
/KinsacTOi onepepb 3anpocoB Ha Bbmojmemie oncpaniiH. BbinojiHeHiw npiuioaceHiieM 
acHHxpoHHofi onepapioi Bbi3biBaeTCH mctoa, pa3MemaiomHH cooTBeTCTByiomHH 3anpoc 
b onepepH nyjia noTOKOB. Kop nyjia H3B/ieicaeT 3aniicii H3 oaepc/iii h pacnpeaejiHeT hx 
cpepH noTOKOB H3 nyjia. Ecjih nyji nycT, coa/iacTCH hobmh noTOK. KaK yace oi MCiaaiocb, 
coa/paime noTOKa 0'[pnn,a'ic./ipaio CKa.'ibiisacTca Ha pi|)o 113 ijo/i,ii ic.ti>i 1 oc rii. O/inai/o no 
3aBepmeHini HcnojiHeHim CBoero aa/paiin a noTOK He ynmno/KacTCH, a booiipamacTCH 
b nyji h o/icii/iacT cjie/iyiomero 3anpoca. IIocKOJibKy noTOK He ymmTO/icacTCM, npoH3BO- 
AHTejibHOCTb He crpa/iacr. 

Kor/pa ii|)ii. io>kciiii(‘ OTnpaBJiHeT nyjiy miioio 3anpocoB, oh iii.naciCM o6cjiy/KHTb hx 
B ee c noMombio 0 , 1,1 ioro noTOKa. O/pnai/o ecjm ii|)ii. ; iO/iccimc coa/paer onepepb 3anpocoB 
6biCTpee, 'ic.vi noTOK H3 nyjia hx o6cjiyaciiBaeT, coa/paioiCH /pono/minejibiibie noTOKii. 
TaKoii nouxo/i, no3BOJiaeT o6ofiTHCb npn o6pa6oTKe 3anpocoB He6ojibmiiM kojuihcctbom 

nOTOKOB. 

Kor/panpiuioaceHiie iipcicpaiaacT OTnpaB/iHTb3anpocbi b ny./i, hohbjihictch He3aHHTbie 
noTOKii, BnycTyio 3aHHMaiomHe naMHTb. I Io.9TO.viy 'icpe.3 HeKOTopoe BpeMH oea/pciicimi a 
(pa3jniHHoe jiJiA pa3Hbix Bepciiii CLR) noTOK npo6yac/i,aeTCH h caMoy 1111 >rro>KacTOi, ocbo- 
oo/K/paH pecypcbi. 3 to onHTb OTpiiippiTC/ibiio CKa3bmaeTCH Ha npoii3BO,a,HTejibHOCTH, ho b 
paHHOM cjiynae 3 to yace He CTOJib Baaoio, noacojibicy yHHHToacaeMbiii noTOK bcc paBHO npo- 
craiiBaji, a ona'iin, npiuioaceHiie b /pamibiii momcht He 6 mjio oco6o aarpy/icciio pa6oTOH. 

Ilyji noTOKOB no3BOJiHeT Hanra KOMnpoMHCC b CHTyau,HH, i/or/pa Maaioe kojihhcctbo 
nOTOKOB 3KOHOMHT pCCypCbl, a OO. IbllIOC n03B0JIHeT B0Cn0JIb30BaTbCH npeHMymeCTBaMII 
MHoronpou,eccopHbix chctcm, a Taicace vnioroH/pepnbix h nmepnoTOKOBbix npopeccopoB. 
I ly. i noTOKOB /peik'TisycT no OBpiiCTHnecKOMy ajiropiiTMy. Ecjih npii. ; io>iccimc hojihcho 
B binojiHiiTb MHoacecTBO .33/13111111 h npH 9 tom HMeiOTCH /lOCTviiiibic npoipeccopbi, nyji 
C03/iaeT 6ojibHie noTOKOB. IIpn CHHaceHiin 3arpy3Kii npn/ioaceHiiH noTOKii 113 nyjia 
CaMOyHHHTOHCaiOTCH. 


npocrbie BbiHMCJiMTe/ibHbie onepaunn 

J\jm /pooais/iemia b onepepb nyjia noTOKOB aciiHxpoHHbix bbi'incyiiric/ibiibix oiicpaniiii 
o6biHHO Bbi3biBaioT o/uiii H3 c/ic/iv loiniix mcto/pob Kjiacca ThreadPool: 

static Boolean QueuellserWorkItem(WaitCallback callBack); 

static Boolean QueueUserWorkItem(WaitCallback callBack, Object state); 
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3th mcto/[P)[ CTaBHT «pa6oHHH o;iCM('in» BMecTe c /poiio. inmcjibiibi.vm /laimiji.vm 
coctohhhh b OMcpc/iPi nyjia noTOKOB h cpa3y B03Bpanpai0T ynpaBJieHiie iipii.TOiKemiio. 
Pa6o'Pn.vi ajieMeHTOM iiasbiiiaexcM yKa3aHHbiii b napaMeTpe callback mcto/p, KOTopbin 
6y/i,eT BH3BaH noTOKOM H3 nyjia. 3T0My MeTO/py mopscho nepe/paTb o/ppth napaMeTp 
>ic|)C3 apryMeHT state (/pamiiiie coctohhhh). Be3 ::noio napaMCTpa Bepciia MCto/pa 
QueueUserWorkltem iiepcypacT mcto/pv o6paTHoro Bbi30Ba.iiia'icnne null. Bee aaKan'iii- 
BaeTca TeM, tio o/p;pppp 113 noTOKOB rryna o6pa6oTaeT pa6o T »rfi ojie.vieiiT, npppisopa k Bbi30By 
yKa3aHHoro .vtCTO/pa. Coa/paiiacvi pa ft mcto/p o6paTHoro Bbi30Ba /po.t/kcii cooTBeTCTBOBaTb 
/pejieraTy System.Threading.WaitCallback, KOTopbifi onpe/pejiaeTca TaK: 

delegate void WaitCallback(Object state); 

nPMMEHAHME 

CnmaTypbi Ae/ieraTOB WaitCallback n TimerCallback (o Hi/ixMbi noroBopuM b stow maBe), 
a TaKxe p,enevaia ParameterizedThreadStart (oh ynoMMHa/icn b maBe 25) coBnaflaiOT. 
Ec/in Bbi onpeAeaaeie MeTOA, coBnaAaioPAHM c stow cwmaTypoft, oh MOxeT 6biTb Bbi3B3H 
nepe3 MeTOAThreadPool.QueueUserWorkltem nppi noMOLLpn obbeicra System.Threading. 
Timer n/in System.Threading.Thread. 


IIpuMep npoiieAypbi aciiHxpoHHoro Bbi30Ba Mcxo/pa noTOKOM H3 rryjia: 

using System; 

using System.Threading; 

public static class Program { 
public static void MainQ { 

Console.WriteLine("Main thread: queuing an asynchronous operation"); 
ThreadPool.QueueUserWorkltemCComputeBoundOpj 5); 

Console.WriteLine("Main thread: Doing other work here..."); 

Thread. Sleep(10000); // HMMTaipMfl apyrofi pa6oTbi (10 cexyHfl) 

Console.WriteLine("Hit <Enter> to end this program..."); 

Console.ReadLine(); 

} 

// CnrHaTypa MeToaa coBnaaaeT c CMrHaTypoPi aeaeraTa WaitCallback 
private static void ComputeBoundOp(Object state) { 

// MeTOA BbinOAHaeTCfi noTOKOM m 3 nyaa 

Console.WriteLine("In ComputeBoundOp: state={0}" J state); 

Thread. Sleep(1000); // HMMTaqMS apyrofi pa6oTbi (1 cexyHaa) 

// nocae B03BpaupeHMfl ynpaBaeHMs MeToaoM noTOK 
// BOSBpaupaeTCR b nya m oxMaaeT caeaypoupero 3aaaHMB 

} 


Pe3yjibTaT komihijihluiii h 3anycKa 3 toto i/o/pa: 

Main thread: queuing an asynchronous operation 
Main thread: Doing other work here... 

In ComputeBoundOp: state=5 
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Bii|)0'(cm, B03MoaceH h TaKoii pesy.'iivraT: 

Main thread: queuing an asynchronous operation 

In ComputeBoundOp: state=5 

Main thread: Doing other work here... 

Pa 3 Hbifi nopanoK CjiCAOisamia ctpok b /uiiiiiom c./iyaac 06'bMCiiacTca acmixpomibiM 
miiiio. iiieiiiic.vi mctoaois. IIjiaHiipoBmiiK Windows pernaeT, KaKoii noTOK AO.i/Ken bh- 
nojranTbCH nepBbiM, hjih ace njiamipyeT iix aah OAHOBpeMeHHoro BbinojiHemm Ha 
MHoronpon,eccopHOM KOMnbiOTepe. 

nPMMEHAHME 

Ecjim MeTOA oOpaTHoro Bbi30Ba reHepnpyeT Heo6pa6oiaHHoe MCK/noaeHue, CLR 3aBepina- 
eT npopecc (ecnn sto He npoTHBopewT no/iHTMKe xocia). Heo6pa6oiaHHbie HCK/noHeHna 
o 6 cy>KAaaMCb b maBe 20 . 


nPMMEHAHME 

B npn/ioxeHMflx Windows Store K/iacc System.Threading.ThreadPool HeAOCTyneH Aan 
OTKpbiToro ncno/ib30BaHnn. BnponeM, oh KOCBeHHO Mcnoab3yeTcn npn ncno/ib30BaHHn 
TtinoB m 3 npocTpaHCTBa mmch System.Threading.Tasks (cm. pa3Aen «3aAaHnn» Aa/iee 
b 3tom maBe). 


KoHTeKCTbi i/icno/mem/m 

C KaacAbiM noTOKOM CBH3aH onpeAejieHHbiii KOHTeKCT iiciionHcinifl. Oh BKjnona- 
eT b ce6n napaMeTpbi 6e3onacHOCTH (cacaTbiii CTeK, cboiictbo Principal odneKTa 
Thread h HAeHTii{J)HKau,iiOHHbie AaHHbie Windows), napaMeTpbi xocTa (System. 
Threading.HostExecutionContextManager) h KomeKCTHbie AaHHbie AoninecKoro 
Bbi30Ba (cm. MeTOAbi LogicalSetData h LogicalGetData Kjiacca System.Runtime. 
Remoting .Messaging. CallContext). Kora a noTOK hciio.iiihct koa, .'snaneniiM napaMe- 
TpOB KOHTeKCTa HCIIOT [ KM III XI OKa3bIBaiOT BJIHHHIie Ha I ICICOTOpblC OnepaiJHH. B HAeajie 
bchkhh pa3 npn Hcnojib30BaHHii Ann iibmo.ineima 3aAaHiiii BcnoMoraTeabHoro noTOKa 
B 3TOT BCnOMOraTeAbHblfi noTOK AOAACeH KOmipOBaTbCH KOHTeKCT II Cl [O.l 11C 1111 a nepBO- 
ro noTOKa. 3to rapaHTiipyeT iicnojib30BaHiie OAHHaKOBbix napaMeTpoB 6e3onacHOCTH 
h xocTa b o6ohx noTOKax, a xaioKe AOCTyn BcnoMoraTejibHoro noTOKa k .uiiiiibi.vi, co- 
XpaHCHHblM B KOHTeKCTe ./lOm'ICCKOm BbI30Ba HCXOAHOTO nOTOKa. 

IIo yMOAnaHiiio CLR aBTOMaTiinecKii KonupyeT kohtckct ncnojmeHiiH caMoro 
nepBoro noTOKa bo Bee BcnoMoraTejibHbie noTOKii. 3 to rapaHTiipyeT 6e3onacHOCTb, 
HO B ymep6 npOH3BOAHTeJIbHOCTH, nOTOMy HTO B KOHTeKCTe I1CIIO. IHCIIH 'A COAepACHTCH 
MHoro m[())op.\iaii,Hn. C6op Bceii HiujiopManHH h ee KonupoBamie bo BcnoMoraTeAbHbie 
noTOKii 3aHiiMaeT HeMano BpeMemi. BcnoMoraTejibHbiii noTOK mo>kct, b cboio oncpcAb, 
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Hcnojib30BaTb ncrio.Moi a rt'. r f>f t f>k i iiotokii, npii stom co3naiOTCfl h iiiiiiniia. ; iii3»npyiOTCM 
AonojiHHTejibHbie CTpyKTypbi .tamibix. 

Kjiacc ExecutionContext b npocTpaHCTBe hmcii System.Threading no3BOjiaeT 
ynpaBjiHTb KoraipoBaHiieM KOHTeKCTa ncno. iiiemiM noTOKa. Bot KaK oh Bbirjia/iHT: 

public sealed class ExecutionContext : IDisposable, ISerializable { 
[SecurityCritical] public static AsyncFlowControl SuppressFlow(); 
public static void RestoreFlow(); 
public static Boolean IsFlowSuppressed(); 

// He noi<a3aHbi peAxo npuMeHseMbie MeTOAbi 

} 

C noMombio 3Toro KJiacca .vio;i;iio 3anpeTHTb KomipoBaHiie KOHTeKCTa HcnojmeHHH, 
nOBbICIIB npOII3BOHHTejIbHOCTb II|)I1. ; I0/KCIII1M. /[pill CepBepHbIX ll|)l1. IO/KCimii pOCT npo- 
H3BOAHTeJIbHOCTH B 3TOM C.iytaC 01(33 blBaC'l'CH BCCbMa 3HaHHTejIbHbIM. /[.Til KHIICHTCKIIX 

npHjioaceHHHoco6oiiBbironbi HeT, KpoMe Toro, mcto/i,S uppressFlownoMenaeTCH aTpn- 
6yT0M [SecurityCritical], b pe3yjibTaTecraHOBHTCflHeB03M05KHbiM bm30bHCKOT opbix 
KJiHeHTCKHX npHjio>KeHHH (HanpiiMep, Microsoft Silver light). Pa3yMeeTca, 3anpemaTb 
KomipoBaHiie KOHTeKCTa iicno. iiiemiM moscho, TOiibKO ecjiii BcnoMoraTejibHOMy noTO- 
Ky He TpehycTCH conepacamaacH TaM n f [(]) 0 |)Mai in a. Korna iiitm i i h npy 10 ihh ii kohtckct 
H cnojiHeHiiH He nepexo;i,nT bo BcnoMoraTejibHbiii noTOK, tot Hcnojib3yeT iioc.;ie/i,iiii ii 
CBH3aHHbIH C HUM KOHTCKCT HCIIO. IIKTIIIM. Il03T0My npH OTIC. IIO'ICIIIIOM KOniipOBaHIIH 

KOHTeKCTa noTOK He flonaceH ncnojmnTb ico/t aaiuicaiuiiii ot coctohhhh TeKymero koh- 
TeKCTa iicnojiHeHHH (HanpiiMep, imeHTiKjiiiKaiiiiOHHbix naHHbix noab30BaTean Windows). 

Caenyiomiiii npimep AC.vioncTpiipycT, KaK 3anpeT Ha KoraipoBaHiie KOHTeKCTa hc- 
iio.iiicmia bjihmct Ha,iaii11we b KOHTCKCTe jioriinecKoro Bbi30BanoTOKanpiinocTaHOBKe 
paoouero ojiCMcm'a b onepenb b CLR-nyjie 1 : 
public static void Main() { 

// noMemaeM AaHHbie b koht6kct AorunecKoro Bbi30Ba noTOKa MeTOAa Main 
CallContext.LogicalSetData("Name", "Jeffrey"); 

// 3acTaBAHeM noTOK m 3 nyna pa6oTaTb 

// noTOK M3 nyna MMeeT AOCTyn k AaHHbiM KOHTeKCTa norniecxoro BbBOBa 
ThreadPool.QueueUserWorkItem( 

state => Console.WriteLine("Name={0}", 

CallContext.LogicalGetData("Name"))); 

// 3anpemaeM KonnpoBaHne KOHTeKCTa McnonHeHMa noTOKa MeTOAa Main 
ExecutionContext.SuppressFlow(); 

// 3acTaBA«eM noTOK M3 nyna BbinOAHMTb pa6oTy. 

// noTOK m 3 nyna HE MMeeT AOCTyna x AaHHbiM xoHTexcTa norMiecxoro Bbi30Ba 
ThreadPool.QueueUserWorkItem( . 

npooojixenue jV 


1 ifodaBjiaeMHe k KOHTeKCTy jioriraecKoro BH30Ba ajieMeHTbi aojixchh 6biTb cepiiajiii3yeMbiMH 
(cm. rjiaBy 24 ). KomipoBaHiie KOHTeKCTa HcnojmeHiiH, coAepxcamero AaHHbie KOHTeKCTa jiotii- 
aecKoro Bbi30Ba, Kpaime OTpimaTejibHo CKa3biBaeTcn Ha npoii3BonnTejibHocTH, TaK KaK TpedyeT 
cepiuiH3aiiHH h AecepiiajiH3aiiiiH Bcex ajieMeHTOB aaHHbix. 



752 QiaBa 27. AcuHxpoHHbie BbNuc/inTe.nbHbie onepapnn 


state => Console.WriteLine("Name={0}", 

CallContext.LogicalGetData("Name"))); 

// BoccTaHaB/iMBaeM KonnipoBaHine KOHTeKCTa ncno^HeHna noTOxa MeToaa Main 
// Ha c/iyHafi 6yflymeii pa6oTbi c ApyrniMM nOTOxaMM M3 ny/ia 
ExecutionContext.RestoneFlow(); 

Console.Read Line(); 

} 


Pe3yjibTaT KOMim.ianii n h 3anycKa SToro KOAa: 

Name=Deffrey 

Name= 

IIoKa mm o6cy>ic;i,acM TOJibKO 3anpeT KoniipoBamiH KOHTeKCTa uciio.memia npn bh- 
30 bc MeTona ThreadPool.QueueUserWorkltem, ho otot npneM Hcnojib3yeTCH KaK npn 
pa6oTe c o6beKTaMti Task (cm. pa3neji «3anaHHH» ,i,aimoii raaBbi), TaK h npn hiiiiuhh- 
pOBaHHH aCHHXpOHHbIX OIICpai 1,11 ii BBOAa-BblBOHa (o HIIX pc'lb H/I.CT b iviane 28). 


CKOopAMHMpoeaHHaq OTMeHa 

I l./iaT())()p.via .NET npe/yiaraeT ciaii/Lapi r iir>iii naTTepH onepapHH otmciii.i. 3tot naTTepH 
HBJiaeTCH CKOopduHupoeauHUM (cooperative), to ecTb Tpe6yeT hbhoh noAAepacKH ot- 
MeHbi onepan,HH. /(pyniMH cjiOBaMH, KaK koa, BbinojiHHiomHH OTMemieMyio onepaiinio, 
TaK H KOA, nblTaiOHlIliiCH peajIII30BaTb OTMCHy, AOJiaCHbl OTHOCIITbCH K TimaM, O KOTOpbIX 
paccKa3biBaeTCH b atom pa;yi,c. : ic. TaK KaK neo6xo/i,nMOCTb otmchh 3aHHMaiomHx MHoro 
BpeMeHii BbiHHCJiHTejibHbix onepaiinii He Bbi3biBaeT coMiieima, k namiiM iibiauc.Tirre.Tb- 
HblM OnepailllHM IIMeeT CMbICA Ao6aBIITb B03M0ACH0CTb OTMCHbl. O TOM, KaK 3TO CACJiaTb, 
MbI H nOrOBOpiIM B 3TOM pa.3ACjlC. Ho lia'iaTb C.TCAVCT C OnilCaHIIH AByX OCHOBHbIX THnOB 
ii36 h6jihotckh FCL, hxoahihux b cocTaB CTaii/uipTiiomnaTTepHacicoopAumipoiiaimmi 

OTMCHbl. 

/(jih Hanaiia noTpe6yeTCH o6beKT System. Threading. CancellationTokenSource. 
Bot KaK BbirjiHAHT ;i,ai 111 bi ii KViacc: 

public sealed class CancellationTokenSource : IDisposable { // Ccbi/iosHbiii Tun 
public CancellationTokenSource(); 

public Boolean IsCancellationRequested { get; } 
public CancellationToken Token { get; } 

public void CancelQ; // BbBbiBaeT Cancel c apryMeHTOM false 
public void Cancel(Boolean throwOnFinstException); 

} 

3tot o6beKT coAepacHT Bee coctohhiih, Heo6xoAHMbie aah ynpaBJiaeMOii OTMeHbi. 
IIocAe C03AaHHH o6beKTa CancellationTokenSource (ccbiAOHHbm Tim) noAymiTb 
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o/lhh hjih HecKOJibKO ;:)i(3CMii. iH|)OH CancellationToken (:sna'iiiMbiii thii) movkiio h 3 
CBOHCTBa Token. 3aTeM ohii nepenaiOTCH onepaiLHHM, noanepaciiBaiomHM OTMeHy. Bot 
H an6ojiee nojie3Hbie HjieHbi 3HaHHMoro Tima CancellationToken: 

public struct CancellationToken { // 3HaHHMbm Tun 

public static CancellationToken None { get; } // OneHb yao 6 ho 

Boolean IsCancellationRequested { get; } // BbBbiBaeTcn onepaqMHMH, 

// He cBH3aHHbiMM c Task 

public void ThrowIfCancellationRequested(); // BbBBaH onepapHBMH, 

// CBB3aHHblMM C Task 


// WaitHandle ycTaHaBHMBaeTcn npn OTMeHe CancellationTokenSource 
public WaitHandle WaitHandle { get; } 

// H/ieHbi GetHashCode, Equals, == h != He noKa3aHbi 


public Boolean CanBeCanceled { get; } // PeflKO McnonbsyeTcn 


} 


public CancellationTokenRegistration Register( 

Action<Object> callback, Object state. 

Boolean useSynchronizationContext); // Eo/iee npocTbie BapwaHTbi 

// neperpy3KM He noKa3aHbi 


3K3eMnjiap CancellationToken othochtch k ynpomeHHOMy 3Han:iiMOMy Timy, 
TaK KaK conepacHT Bcero 0 , 1,110 3aKpbiToe none: ccbuncy Ha CBoii o6beKT Cancellation¬ 
TokenSource. D,iikji BbinHCJiHTejibHofi onepapHH mo/KCt nepiiOAnnecKii oopamaTbca 
k CBoficTBy IsCancellationRequested o6beKTa CancellationToken, hto 6 h y3HaTb, 
He Tpe6ycTCH jih paHHee 3aBepmeHiie ero pa6oTbi, to ecTb npepbiBaHiie onepaiuiii. IIpo- 
iieccop nepecTaeT coBepmaTb oiiepamm, b pe3yjibraTe kotophx bh iic 3aiiHTepecoBaHbi. 
PaccMOTpuM npimep Kona: 

internal static class CancellationDemo { 
public static void Main() { 

CancellationTokenSource cts = new CancellationTokenSource(); 

// riepeflaeM onepaquiM CancellationToken h hmcho 
ThreadPool.QueueUserWorkItem(o => Count(cts.Token, 1000)); 

Console.WriteLine("Press <Enter> to cancel the operation."); 

Console.Read Line(); 

cts.CancelQ; // Ec.nn MeTOfl Count yxe BepHyn ynpaB/ieHMH, 

// Cancel He oxa3biBaeT HHKaxoro 3c|x|)eKTa 

// Cancel HeMea/ieHHO B03BpamaeT ynpaB/ieHMe, MeTOfl npoflonxaeT pa6oTy... 

Console.Read Line(); 

} 

private static void Count(CancellationToken token, Int32 countTo) { 
for (Int32 count = 0 ; count ccountTo; count++) { 
if (token.IsCancellationRequested) { 


npodojiwemie & 
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Console.WriteLine("Count is cancelled"); 
break; // Bnxoa mx qnK/ia ana ocTaHOBKM onepaqmi 

} 

Console.WriteLine(count); 

Thread.Sleep(200); // fl/ia AeMOHCTpaqwoHHbix qe/iefi npocTO *fleM 

} 

Console.WriteLine("Count is done"); 

} 

} 


IIP MM EH AH ME 

HTo6bi npeAOTBpaTMTb OTMeHy onepapnn, eti mojkho nepeAaTb 3K3eMnjiap 
CancellationToken, B03Bpam,eHHbm CTaTunecKUM cbowctbom None CTpyKTypbi 
CancellationToken. 3to oneHb yAoSHoe cbomctbo B03BpaiAaeTcneunanbHbiw 3K3eivin.nap 
CancellationToken, He CBH3aHHbin c iokhm-auSo oSteKTOM CancellationTokenSource (ero 
3aKpbuoe none mvieeT 3HaHeHwe null). ripn OTcyTCTBuw obteicra CancellationTokenSource 
OTcyTCTByeT u koa, KOTopbiPi MOxeT Bbi3BaTb MeTOA Cancel. A 3HaHMT, 3anpoc k CBOtiCTBy 
IsCancellationRequested ynoMAHyroro 3K3eMmwpa CancellationToken BcerAa 6yAeT nony- 
naib b OTBeT 3HaHeHne false. AHa/iornnHan cmyauMn c 3anpocoM k CBOtiCTBy CanBeCanceled. 
3HaHeHne true B03BpaiAaeTcn TO/ibKO Ann 3K3eMn/inpoB CancellationToken, no/iyneHHbix 
nepe3 cbomctbo Token nepennc/ieHnn CancellationTokenSource. 


ripn atejiaHHH moacho 3aperncTpiipoBaTb o/pin hah iiccko.iijKO mctoaob TaKHM 
o6pa30M, ATo6bi OHii Bbi3biBajracb npn OTMetie o6beKTa CancellationTokenSource. 
JXjisl peracTpaitHH MeTOAa o6paTHoro Bbi30Ba CAeAyeT nepeAaTb MeTOAy Register 
CTpyKTypbi CancellationToken AeneraTa Action<Object> cocTonmie, Korapoe 
Bbi iipe/uio. ; iaracTe nepeAaTb ncpcs. AeAeraT b mc'itja o6paTHoro Bbi30Ba, n .niauciiric 
Tima Boolean, yKasbreaiomee, ,to.t>kcii ah Bbi3biBaTbca AeAeraT c iicno. iij.iOisaimeM 
KOHTeKCTa SynchronizatlonContext Bbi3biBaiomero noTOKa. Ecah nepeAaTb b napa- 
MeTpe useSynchronizatlonContext suaMcinic false, noTOK, Bbi3biBaioniHH mctoa 
Cancel, nocAeAOBaTeAbHO 3anycTHT Bee 3aperncTpnpoBaHHbie mc'io/UjI. IIpH nepe- 
Aane Ate 3iia i rcnn>T true o6paTHbie Bbi30Bbi OTCbmaiOTCH tjniKcnpoBaHHOMy o6beKTy 
SynchronizatlonContext, KOTopbiri Bbi6npaeT, KaKoii H3 noTOKOB aKTHBH3npyeT tot 
hah hhoh o6paTHbiH bh30b. IIoapo6ho KAacc SynchronizatlonContext paccMaTpu- 
BaeTcn b r ./ranc 28. 

nPMMEHAHME 

Ecjim Bbi perudpupyeTe MeTOA oOpaTHoro Bbi 30 Ba, ncno/ib 3 yn yxe OTMeHeHHbin obteKT 
CancellationTokenSource, noTOK, Bbi 3 biBaiOLAWH MeTOA Register, aKTUBH 3 upyei obpaTHbiPi 
Bbi 30 B (BepomHO, Hepe 3 SynchronizatlonContext Bbi 3 biBaiOLAero noTOxa, ec/in b napaMeipe 
useSynchronizatlonContext nepeAaHO 3 HaHeHue true). 


MHoroKpaTHbiii bh30b MeTOAa Register npiiBOAHT k MHoroKpaTHofi Ate aKTHBH3aiiHH 
MeTOAOB o6paTHoro Bbi30Ba, iipnucM nocACAHiie MoryT reHepupoBaTb Heo6pa6oTaHHoe 
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HCKJUOHeHHe. Ecjdi Bbi3BHTb mctoa Cancel o6beKTa CancellatlonTokenSource c na- 
paMCTpoM true, nepBbiii ace mctoa o6paTHoro Bbi30Ba, CTaBiiiHit hctohhiikom Heo6pa6o- 
TaHHoro hok.iiohctiiim, ocTaHOBHTBbinojiHeimeocTaubHbix mctoaob o6paTHoro Bbi30Ba, 
a HCKjnoueHiie oy/tcx Taioive creHepupoBaHO mctoaom Cancel. Ecjih ace iiepc/urn, OTO.viy 
MCTO/i,y siia'icimc false, Sy/tyr Bbi3BaHbi Bee 3aperiiCTpnpoBaHHbie MeTOAbi o6paTHoro 
Bbi30Ba. Bee iioMis.mioiiuiecM npn 3 to\i Heo6pa6oTaHHbie ncK.uo'icimii yi,o6aic/ixi iotcm 
b KO./iacKniiio. Ecjih nocae 3aBepmeHiiH bccx mctoaob o6paTHoro Bbi30Ba o6HapyaciiBa- 
ctcii Hajiiraie Heo6pa6oTaHHbix HCKAKneHHH, mctoa Cancel reHepupyeT ncK.TFouemic 
AggregateException, CBOiicTBy InnerExceptions KOToporo npucBaiiBaeTca KOJUieKpiiH 
creHepupoBaHHbix ofrbcicmii HCKJironciniH. IIpn OTcyTCTBini Heo6pa6oTaHHbix hckjho- 
hchiih mctoa Cancel npocTO B03BpamaeT ynpaBJieHiie. 


BHBMAHME 

HeB03M0XH0 onpefle/inTb, c Karan onepapnen CBH3aH tot nan nHon o6teKT n3 raruieKunn 
InnerExceptions ncKiuoHeHna AggregateException. To ecTb Bbi cJsaKTnHecKn nojiynaeTe 
TOBbra nHcJrapMaunio o tom, hto HeraTopbie onepapnn Bbino/iHeHbi He 6bmn, n no Tnny 
ncicmoHeHnn MOxeTe onpepeanTb, b neM 6bma npnnnHa Tararo noBeAeHnn. HtoSw bh- 
ncHnTb MecTonoaoaceHne OLunOxn, HyacHO ncc/ieAOBaTb cbohctbo StackTrace o6beKTa 
ncKJiiOHeHns n BpyHHyio npoBepnTb ncxopHbin koa- 


Mctoa Register o6beKTa CancellationToken B03BpamaeT CTpyKTypy Cancellation- 
TokenRegistration, KOTopaa bhuihaht c.TC/i,yiomriM o6pa30M: 

public struct CancellationTokenRegistration : 

IEquatable<CancellationTokenRegistration>, IDisposable { 
public void DisposeQ; 

// He noxa3aHbi GetHashCode, Equals, onepaTopbi == u ! = 

} 

Mctoa Dispose no3BoaaeT y^ajiiiTb 113 o6beKTa CancellatlonTokenSource 3 a- 
perHCTpiipOBaHHblli o6paTHbIH BbI30B, C KOTOpbIM CBH3aH AaHHblH o6beKT. B pe- 
3yjibTaTe npn BM30Be mctoas Cancel 3tot o6paTHbifi Bbi30B iirHopupyeTca. Bot 
koa, AeMOHCTpnpyiomHH perncTpapiiio .ynyx o6paTHbix bm30bob c oahiim o6beKTOM 

CancellatlonTokenSource: 

varcts = new CancellationTokenSource(); 

cts.Token.Register(() => Console.WriteLine("Canceled 1")); 
cts.Token.Register(() => Console.WriteLine("Canceled 2")); 

// flan npoBepxn OTMeHMM ero n BbinonHMM 06a o6paTHbix BbBOBa 
cts.CancelQ; 

Bot pe3yAKraT pa6oTbi TaKoro KOAa, nojiyneHHbiH cpa3y nocae Bbi30Ba mctoas Cancel: 

Canceled 2 
Canceled 1 
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I laiconcH, MoacHO coa/urn, hobmh o6beKT CancellationTokenSource, CBH3aB npyr 
c ApyroM apyinc o6 - beKTbi CancellationTokenSource. OTMeHa 3Toro hoboto o6 - beKTa 
npon.aon/iCT npn OTMeHe jikj 6 cmo H3 lixo/iynuiix b ero cocTaB o6beKTOB. Bot acMOiPCTpii- 
pyiOIItHH 3TO kor : 

// Co3flaHne o6beKTa CancellationTokenSource 
var ctsl = new CancellationTokenSource(); 

ctsl.Token.Register(() => Console.WriteLine("ctsl canceled")); 

// Co3flaHne BToporo o6beKTa CancellationTokenSource 
var cts2 = new CancellationTokenSourceQ; 

cts2.Token.Register(() = > Console.WriteLine("cts2 canceled")); 

// Co3flaHne hoboto o6beKTa CancellationTokenSource, 

// OTMeHfieMoro npn OTMeHe ctsl nnn ct2 

var linkedCts = CancellationTokenSource.CreateLinkedTokenSource( 
ctsl.Token, cts2.Token); 

linkedCts.Token.Register(() => Console.WriteLine("linkedCts canceled")); 

// OTMeHa oflHoro m 3 o6beKTOB CancellationTokenSource (a Bbi6pa/i cts2) 
cts2.Cancel(); 

// noKa3biBaeM, KaKoti H3 o6beKTOB CancellationTokenSource 6bm OTMeHeH 
Console.WriteLine("ctsl canceled={@}, cts2 canceled={l}, linkedCts={2}", 
ctsl.IscancellationRequested, cts2.IsCancellationRequested, 
linkedCts.IsCancellationRequested); 

Pc.ay.TPaaT 3anycKa 3Toro Kona: 
linkedCts canceled 
cts2 canceled 

ctsl canceled=False, cts2 canceled=True, linkedCts=True 

L [aero Tpe6yeTca OTMemnbonepapmono iictchciiiiii onpenejieHHoro nepno/taBpeMe- 
hh. Hanpimep, npencTaBKre, ito cepBepHoe npiuioacemie Hanajio BbinojiHHTb HCKOTopbie 
isbriucjicmiM no 3anpocy Kaiieina. Ilpn stom cepBepHoe npiuioacemie nonacHO rapaH- 
TnpoBaHHO OTBeTHTb KJineHTy He ii()3/ice aisyx cckvii/i. B HeKOTopbix ciriyanu ax ay'll no 
nojiymiTb otbct c oihh6koh hjih HenojiHbiMH pe3yabTaTaMH, next noacimaibCH nojmoro 
pe3yjibTaTa b Teneraienoaroro BpeMemi. K ctacTbio, KJiacc CancellationTokenSource 
yMeeT HHHiiHHpoBaTb co6cTBeHHyio OTMeHy no hctchciihh aa/i/iiiiioi o HHTepBajia. /I, a a 
3Toro caeaycT jih6o coa/tai p> o6beKT CancellationTokenSource o/p,iiiim H3 KOHCTpyK- 
TopoB, nouynaiomiix Bcannnipy 3a/i,epacKH, jih6o Bbi3BaTb MeTOn CancelAfter Kiiacca 
CancellationTokenSource. 

public sealed class CancellationTokenSource : IDisposable { // CcbmoHHbifi Tun 

public CancellationTokenSource(Int32 millisecondsDelay); 
public CancellationTokenSource(TimeSpan delay); 

public void CancelAfter(Int32 millisecondsDelay); 
public void CancelAfter(TimeSpan delay); 


} 
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3aAaHM& 

Bbi3BaTb MeTOA QueueUserWorkltem KJiacca ThreadPool /yin 3anycKa aciiHxpoHHbix 
BbIHHCJIHTejIbHbIX OIPCpailHH O'K'llli npOCTO. OanaiCC) 3TOT nOAXOA IIMeeT MHOKeCTBO 
HeAOCTaTKOB. CaMofi 6ojibinon npo6jieMoii hbjifictcfi OTcyTCTBiie BCTpoeHHoro Mexa- 
Hii3Ma, no3BOJiaiomero y3HaTb o 3aBepmeHiiii onepau.Hn h nojiymiTb B03Bpam,aeMoe 
3iiaacinie. JXjih ooxo/yi sthx h /tpy ihx oipaiipi'pcmiii cneniiajiHCTM Microsoft iiise.ni 
noHHTiie 3adanuu (tasks), BbinojmeHiie kotopmx ocyiPiccTis.uieTCH nocpencTBOM thiiob 
H3 npocTpaHCTBarmeH System.Threading.Tasks. 

Bot KaKHM o6pa30M npn noMomu .aa/ianHH m.ino. iiiMCTCM onepaniin, aiia. iorii'iiiaM 
Bbi 30 By MeTO^a QueueUserWorkltem KJiacca ThreadPool: 

ThreadPool.QueueUserWorkItem(ComputeBoundOp, 5); // BbBOB QueueUserWorkltem 
new Task(ComputeBoundOp, 5).Start(); // AHanor npeAbiAymen ctpokih 

Task.Run(() = > ComputeBoundOp(S)); // Eme oamh aHanor 

Bo BTopofi CTpoKe nocjie C03/ianim HOBoro o6beKTa Task iie.vte/uieimo Bbi3biBaeTca 
MeTOA Start /yia3anycicaaa/pinua. licTCCTiseimo, bbiM oacerecoa/urn, o6'p>ckt Task 11 bbi- 
3BaTb Start /yinHerono3flHee. MoamoTaKacenpeflCTaBiiTb koa, nepenaromiiir co3naHHbiii 
HM o6bCKT Task KaKOMy-TO CTOpOHHeMy MeTOAy, KOTOpblH H 6y/teT OnpenejIHTb MOMeHT 
Bbi30Ba Mcro/ta Start. nocKOJuacy coa/ijiiiiie o6beKTa Task c iie.vie/uieimiiiM bh30bom 
S tart BbinojiHHeTCH TaK uacTO, TaKace MoacHO BOcnojib30BaTbCH \y 1,0611 p>i m c'laiii'PCCKiiM 
MeTOAOM Run KJiacca Task, KaK noKa3aHO b iiocjie/uicii CTpoKe. 

JX jih co3fl,aHHH o6beKTa Task cjienyeT Bbi3BaTb KOHCTpyKTop h nepenaTb eMy nejieraTa 
Action hjih Action<Object>, yKa3biBaiomero, KaKyio onepanino bbi xothtc Bbinoji- 
HiiTb. IIpii 1 iepe;i,a | pc .viciona, oacimaioinero Tim Object, b KOHCTpyKTop o6beKTa Task 
cjie/tyeT nepenaTb TaKace apryMeHT, kotophii nojiaceH 6biTb b htotc nepenaH onepanini. 
IIpii Bbi30Be Run iiepe/iac'i'ca aejieraT Func<TResult> hjih Action, onp c/ic jut to t u h it 
B binojiHueMyio onepanino. TaKace KOHCTpyKTopy MoacHO nepenaTb eme h CTpyKTypy 
CancellationToken, no3BOJunoinyio otmciiiiti> o6beKT Task no ero iim 1 po. i 1 ici 1 iiri (31a 
nponenypa no/i,po6Ho paccMOTpeHa najiee). 

npn acejiaHHii KOHCTpyKTopy MoacHO nepenaBaTb (juiarn H3 nepeaiicjieHHH 
TaskCreationOptions, yiipaii.iMiomHC cnoco6aMii isiiIiio. iiktiipm .aa/iamin. 3. : ie.vicm i)i 
nepeancjieHiiH onpenejunoT Ha6op tjuiaroB, KOTopbie MoryT KOM6iiHiipoBaTbCH no- 
pa3pn/i,H0H oiiepaniieii HJIH. 1 Iepe'i picjici 1 pic TaskCreationOptions onpenejiaeTCH 
cjienyioinHM o6pa30M: 

[Flags, Serializable] 

public enumTaskCreationOptions { 

None = 0x0000, // no yMO/iHamipo 

// Coo6maeT nnaHupoBiipuKy, mto 3aAaHiie aoatkho 6biTb nocTaBAeHo 
// Ha BbinoAHeHiie no bo3moxhoctm CKopee 
PreferFairness = 0x0001, 

// Coo6maeT nnaHHpoBiipHKy, hto eMy CAeAyeT 6onee aKTMBHo 

npodojincenue & 
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// co3flaBaTb noTOKu b nyne noTOKOB. 

LongRunning = 0x0002, 

// Bcerfla ynuTbiBaeTCa : npucoeflUHaeT 3aAaHne k ero poAMTenio 
AttachedToParent = 0x0004, 

// Ecah 3aflaMa nbuaeTcn npncoeAHHHTbcn k poAMTenbcxoii 3aflaMe, 

// OHa MHTepnpeTupyeTCB xax o6bNHan, a He xax AOiepHnn 3aAana. 
DenyChildAttach = 0x0008, 

// 3acTaB/ifleT AOnepHkie 3aAann ncnonb30BaTb nnaHHpoBpwx no yMOnnaHHio 
// BMecTO poflHTenbCKOro nnaHnpOBmnxa. 

HideScheduler = 0x0010 

} 


BojibimiHCTBO 3 TI-IX cjuiaroB hbjihiotch peKOMeHnau,njiMii, KOToptie MoryT hc- 
nojib 30 BaTbCH, a MoryT h iirHopupoBaTbca o 6 beKTOM njiaHiipoBiu,HKa 3 anaHim 
TaskSchedulen; Bcerna npumiMaiOTCH k BbinojiHeHino TOJibKO cjuiara AttachedToParent, 
DenyChildAttach h HideScheduler, KOTopbie HincaK He CBH 3 aHbi c caMHM o 6 beKTOM 
TaskScheduler. Bonee noApooiio npo 3 tot o 6 beKT mm iiomisopu.Yt qyTb i io. 3 >kc. 


3aBepmeHne 3aflaHHH v\ no/iyneHne pe3y/ibTaTa 

iVl O/Kiio noacnaTbCH ;sai:epmemm .aa/iamia h nociie stoio nojiyHHTb pe3yjibTaT ero bm- 
iio.iiiemm. PaccMOTpriM mcto/i, Sum, KOTopbiii npn 6ojibiHHx .'siia'iemmx nepeMeHHoii n 
Tpe6yeT 6o.ii.moii m.mucjiine.ibiioii moiuiioctu: 

private static Int32 Sum(Int32 n) { 

Int32 sum = 0; 
for (; n > 0; n--) 

checked { sum += n; } // npw 6onbwnx n BbiAaeTCfi System.OverflowException 
return sum; 

} 

.VIO/Kiio co 3 AaTb o 6 beKT Task<TResult> (ii|)oii. 3 iio, : i,iibiii ot o 6 beKTaTask) u is Kanc- 
CTBe yHHBepcajibHoro aprv.viem a TResult nepenaTb ran pe. 3 y. 11 .Ta 1 a, B 03 BpamaeMoro 
BbiHiicjiHTejibHofi onepanneii. 3 aTeM ociaeTCH noacnaTbca 3 aBepmeHiia BbinojiHHiomerocH 
3 anaHHH h nonyHHTb pe 3 yjibTaT npn noMomu cnenyiomero Kona: 

// Co3AaHne 3aAaHn« Task (oho noxa He BbinoAHseTcn) 

Task<Int32> t = new Task<Int32>(n => Sum((Int32)n), 1000000000); 

// Moxho HanaTb BbinoAHeHkie 3aAaHnn nepe3 HexoTopoe BpeMn 
t.StartQ; 

// Moxho ojKHAaTb saBepmeHMfl 3aAaHnn b sbhom BHAe 
t.WaitQ; // nPMMEHAHME. CymecTByeT neperpyweHHan Bepcwn, 

// npHHHMaioman TaiiM-ayT/CancellationToken 


// noAyneHMe pe3ynbTaTa (cbomctbo Result Bbi3biBaeT MeTOA Wait) 
Console.WriteLine("The Sum is: " + t.Result); // 3HaneHne Int32 
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BHMMAHME 

npn Bbi30Be noTOKOM MeTOflaWait cucieMa npoBepaeT, Hana/iocb an Bbino/iHeHne3aAaHHH 
Task, KOToporo oxnflaeT noTOK. B cjiynae no/ioxHTe/ibHoro pe3y/ibTaTa npoBepKn iiotok, 
Bbi3biBaiOLAMM MeTOAWait, 6/ioKnpyeTCs ao 3aBepujeHna 3aAaHna. Ho ec/in 3aAaHne eLAe 
He Hana.no BbinonHnTbca, CMCTeMa MOxeT (b 3aBncnM0CTn ot oSbeiora TaskScheduler) 
BbinoaHHTb ero npi/i noMomn noTOKa, Bbi3biBaioiAero MeTOA Wait. B 3tom cnynae ash- 
HbiH iiotok He 6/iOKnpyeTCs. Oh Bbino/iHaeT 3aAaHne Task n neivieAneHHO B03BpaiAaeT 
ynpaBJieHi/ie. 3to CHnxaeT 3aipaTbi pecypcoB (BaM He npnxoAHTcn C03AaBaTb noTOK 
B3aMeH 3a6aoKnpoBaHHoro), noBbiwaeT npon3BOAHTenbHOCTb (Ha C03AaHne noTOKa 
h nepeicnioneHne KOHTeKCTa He TpaTHTcn BpeMs). OAHara m 3to MoxeT 6biTb He oneHb 
xopoLuo. Hanpniviep, ecnn nepeABbi30B0M MeTOAaWait b paMKaxcnHxpoHH3au,nn noTOKa 
npobicxoAHT ero GnoKnpoBaHne, a 3aTeM 3aAaHne nbnaeTCs nonyni/iTb AOdyn k TeM xe 
3anepTbiM pecypcaM, B03Hm<aeT B3amviHan 6aoKnpoBKa (deadlock)! 


Ecjih Bbi'iHCjiH'ic./ibiioc aa/piii no renepiipycT Heo6pa6oTaHHoe hck. no'iemie, oho no- 
i . iomaciCM h coxpaHHeTCH b ko./i./ickhh 11 , a noTOKy nyaa paapcmacTca ne])iryr FjC>i b nyji. 
3aTeM npn Bbi30Be MeTOAa Wait hah CBoiicTBa Result 9th 'uiema is/poorr ncK. iio i fcime 
System.AggregateException. 

Tim AggregateException iiHKancyAHpyeT koaackh,iiio hckaiohchiih (KOTopbie 
renepiipyiOTCM, ecA 11 poAHTCAbcicoe 3aAaHiie nopoacAaeT .vmorcmiCAemibie Aonepime 
3aAaHHH, npiiBOAHiAHe k mckatohchhmm). Oh coAepacHT cbohctbo InnerExceptions, 
B03Bpamaiomee o6beKT Re adOn lyCol le c t ion < Except ion >. He CACAycT nyTaTb ero co 
CBoiicTBOM InnerException, HacACAyeMbiM KAaccoM AggregateException ot CBoero 
6a30Boro K./iacca System. Exception. CicaaceM, b noKa3aHHOM paHee npiiviepc oacmciit 0 
CBoiicTBa InnerExceptions KAacca AggregateException 6yaeT ccbmaTbCH Ha o6beKT 
System.OverflowException, nopoacAaeMbiii BbiHHCAHTeAbHbiM mctoaom (Sum). 

J\jir yAo6cTBa KJiacc AggregateException nepeonpcACAHCT mctoa GetBaseException 
KAacca Exception. 3’ia pea./m;:saii,HM B03BpamaeT HCKMio'ieime c MaKCHMajibHbiM ypoB- 
HeM BAOACCHHOCTH, KOTOpOe H C'Uri aCTCM HCTOHHIIKOM lipOO/ICMhl (I ipC/l,110./I3 I ACTCH, 

hto TaKoe HCKMio'ieime b ko./i./ickhiih Bcci o o;i,iio). ICaacc AggregateException TaKace 
npeAaaraeT mctoa Flatten, co3AaioiAHH hobhh 3K3eMnAHp AggregateException, 
cbohctbo InnerExceptions KOToporo coAepacHT cnucoK iiCKViio'iemiii, B6pomeHHbix 
iioc./ic nepe6opa BHyTpeHHCH ncpapxnn hcK. iio'icmiii iiepisona/iaAbimm o6beKTa. Hy 
h HaKOHeu,, AaHHbiii iciacc coAepacHT mctoa Handle, Bbi3biBaiomHH aah KaacAoro H3 
hckaiohchiih b cocTaBe AggregateException mctoa o6paTHoro Bbi30Ba. 3 tot mctoa 
B bi6npaeT cnoco6 o6pa6oTKii hck.iio'ktihm. /(./in o6pa6aTbiBaeMbix hck.iio'kmihh oh 
B 03BpamaeT ./sna'ienne true, /iyi>i Heo6pa6aTbiBaeMbix, cootbctctbchho, — false. Ecah 
nocAe Bbi30Ba MeTOAa Handle ociacTOi xoth 6m oaho Heo6pa6oTaHHoe hck. iio'ieime, 
C03AaeTCH HOBbiiio6beKT AggregateException. BnponeM, c MeTOAaMH Flatten h Handle 
mm noApo6HO no3HaKOMHMCH nyi b no3Ace. 

MoacHO oaciiAaTb ./saiiepniemi/i He TOAbKO o/uiom ;.ia/i,airn>i, ho ii MacciiBa o6beKTOB 
Task, /(ah aToro b oahohmchhom KAacce cymecTByeT ABa c iai iiMCCKTix MeTOAa. Me¬ 
TOA WaitAny 6A0KiipyeT bh30b noTOKOB ao sancpmemiM m.iiio/memia Bcex o6bCKTOB 
b Macci-iBC Task. 3 tot mctoa B03BpamaeT hhackc Tima Int32 b MacciiB, coAepacamnii 
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3aBepineHHbie sa/taimyr, 3acTaB/iHH noTOK npo/to/iacHTb ncnojiHeHiie. Ecjih nponc- 
xo/prr TaiiM-ayT, mcto/i B03BpamaeT -1. OTMeHa ate Mcxo/ia nocpe/tCTBOM CTpyKTypbi 

CancellationToken npiiBO/tHT k wckjitohchmto OperationCanceledException. 

BHMMAHME 

Ec/in bw hu pa3y He Bbi3biBa/in MeTOflbi Wait u/iu Result u He o6pamaaucb k cbouctby 
E xception K/iacca Task, koa He «y3HaeT» o nonBnBinnxcn ncK/HOHeHunx. klHane roBopn, 
Bbi He nojiynuTe uHcJjopMapuu o tom, hto nporpaMMa CTonKHynacb c HeoxnAaHHon 
npo6neMOu. fl/in pacno3HaBaHua CKpbiTbix MCK/ihoneHuu mo>kho 3aperucTpupoBaTb Me- 
toa oSpaTHoro Bbi30Ba co ciaTunecKUM co6biTueM UnobservedTaskException K/iacca 
TaskScheduler. npu yHUHTOxeHuu 3aAaHua co CKpbiTbiM ucK/noneHueM b xoAe ybopKu 
Mycopa 3 to codbuue aKTHBH3npyeTcn noTOKOM cJ)HHaau3ai4uu y6opw,nKa Mycopa CLR. 
nocne 3Toro o6pa6oTHUKy co6biTun nepeAaeTca obteKT UnobservedTaskExceptionEve 
ntArgs, coAepxaiAuPi CKpbuoe ucK/noneHue AggregateException. 


CTaTHAecKHfi mci'Oa WaitAll K/iacca Task o./iOKiipycT Bbi3biBaiomHH noTOK ao 3a- 
BepineHim Bcex o6beKTOB Task b MaccuBe. M cto/i B03BpamaeT .sna'icniic true noc/ie 
aaiiepmeima Bcex o6beKTOB h .sna'iemie false, ec/ni HCTeicacT BpeMH o/KH/iaiiiiM. OT¬ 
MeHa 3 toto MCTO/i,a nocpeACTBOM CTpyKTypbi CancellationToken xaioicc npiiBOAHT 
k HCKjnoHeHiiio Oper at ionCa nceled Except ion. 


OTMeHa 3aAaHMA 

/[./in OTMeHbi aa/ianiiM moacho BOcnojib30BaTbca o6beKTOM CancellatlonTokenSounce. 
BnponeM, CHana/ia HaM c/ic/iyei OTpe/taKTHpoBaTb mcto/i Sum, /yin eMy B03M05KH0CTb 
pa6oTaTb co CTpyKTypoii CancellationToken: 

private static Int32 Sum(CancellationTokenct, Int32 n) { 

Int32 sum = 0; 
for (; n > 0; n--) { 

// Oieayioinas CTpoxa npuBOflUT k wciaiioMeHMio OperationCanceledException 
// npn Bbi30Be MeToaa Cancel p,na o6beKTa CancellationTokenSource, 

//Ha KOTopbiM ccbinaeTca Mapxep 
ct.ThrowIfCancellationRequested(); 

checked { sum += n; } // npw 6o^bmnx n nosB/iseTCH 

// MCK/iH)HeHne System.OverflowException 

} 

return sum; 

} 


B 3TOM KO/ie HHKJT BblHHCJIHTe/IbHOH OllCpanil H HCpilO/U'l'teCKTI BbI3bIBaeT MCTO/I 

ThrowlfCancellatlonRequested K/iacca CancellationToken, hto6m npoBepiiTb, 
He noHBHJiCH jih 3anpoc Ha OTMeHy oncpaniin. 3tot mctoa aHa/ioraneH CBoitCTBy 
IsCancellationRequested KJiacca CancellationToken, paccMOTpeHHOMy paHee. 
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OAHaKO npn OTMeHe o6beKTa CancellationTokenSource mctoa reHepupyeT hckjiio- 
'K'lme OperationCanceledException. I IpH'iinioii iicic. iio'iciiiim craiioiuncM tot (jiaicr, 
hto b OTjiHAHe ot pa6oHHx ajieMeHTOB, 3anymeHHBix mctoaom QueueUserWorkltem 
Kjiacca ThreadPool, 3aAAHHH no/mepacHBaiOT KOHH,enri;iiio BbinojmeHiiH h Aaace MoryT 
B03BpamaTb 3HaneHHe. C.ie/1,0na if. i i>i 10, iiy>KCii cnoco6, no3BOJia 10muii oTjiHHHTb 3a- 
BepmeHHoe3aAaHiie otH e3aBepmeHHoro. Hmchhoaah 3ToronpiiMCHaeTca iicic/iiomciiik'. 
Co3AaAHM o6beKTbi CancellationTokenSource h Task: 

CancellationTokenSource cts = new CancellationTokenSource(); 

Task<Int32> t = new Task<Int32>(() => Sum(cts.Token, 10000), cts.Token); 

t.StartQ; 

// no3flHee OTMeHMM CancellationTokenSource, mto6n OTMeHUTb Task 
cts.CancelQ; // 3 to acuHxpoHHbiM 3anpoc, 3aAaHa ywe MOxeT 6biTb 3aBepweHa 

try { 

// B CAynae OTMeHbi 3ap,anvi» MeTOA Result reHepupyeT 
// MCK/iK)HeHue AggregateException 

Console.WriteLine("The sum is: " + t.Result); // 3HaneHMe Int32 

} 

catch (AggregateException x) { 

// CuuTaeM o6pa6oTaHHbiMu Bee o6beKTbi OperationCanceledException 

// Bee ocTa/ibHbie MCKAioHeHMa nonaAaioT b hobnm o6beKT AggregateException, 

// COCTOBIUMM TOAbKO M3 Heo6pa60TaHHblX MCKAIOHeHMM 

x.Handle(e => e is OperationCanceledException); 

// CTpOKa BbinOAHBeTCH, eCAM Bee MCKAKJHeHMH y*e 06pa60TaHbl 
Console.WriteLine("Sum was canceled"); 

} 

Co3A,aBaeMbm o6beKT Task moacho CBH3aTb c o6beKTOM CancellationToken, 
nepe^aB ero KOHCTpyKTopy Task (icaic noKa3aHO paHee). Ecjiii OTMetn-iTb o6beKT 
CancellationToken ao rrAaHHpoisaniw .aaAanwi, 3aAaHiie toacc 6yAeT otmchcho 1 . Oahako 
ecAH 3aAaHiie yace HanaAO BbinojiHHTbca (npn noMomu MeTOAa Start), ero koa AoaaceH 
b hbhom BHAe noAAepacHBaTb OTMeHy. K coacaneHiiio, iiccmotpm Ha to tio c oiTbeicroM 
Task CBH3aHo6beKT CancellationToken, y Bac HeT AOCTyna k iioc.Te/uie.viy To ecTb bbi 
AoaacHbi KaKiiM-TO o6pa30M noMecTHTb mom Me caMbiu o6beKT CancellationToken, 
KOTopbiii iiciio.Tb3()i:a.TCM npn C03AAHHH o6n>eicra Task, b koa 3a/i,amia. ITpome Bcero npii 
HanHcaHHH .otoio koaa B0cn0Ab30BaTbCH .TM.vio/Ar isbipa/KemiCM h <<nepeAaTb» o6beKT 
CancellationToken b Kanecnse nepeMeHHofi aa.viiAKamiM (tio, co6cTBeHHO, h 61,1.10 
CAeaaHO b npeAbmymeM npriMepe). 


1 IlonbiTKa OTMeHHTb 3aAaHne ao Havana ero BbinojiHeHHH npuBOAHT k noHBjieHino HCKJHOHeHHH 
InvalidOperationException. 
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ABTOMaTMHecKMii 3anycK 3aAaHim 
no 3aBepmeHim npeflbiflymero 

JXjw HanHcaHHH MacniTa6iipyeMoro nporpaMMHoro o6ecneHeHHfl cacavct iiaoennb 
6jiOKiipoBKii noTOKOB. Bbi30b mctoas Wait hah 3anpoc CBOHCTBa Result npn He3a- 
BepmeHHOM 3»a/i,aiiiiii ri])nnt'/tea, cKopee Bcero, k noaii. iemno b nyjie HOBoro noTOKa, 'no 
yBejiHHHT pacxo/i, pecypcoB h OTpimaTejibHO CKaAceTca Ha pacmiipaeMOCTH. K oiacTbio, 
cymecTByeT cnoco6 y3HaTb o 3aBepmeHini aaxaiiua. Oho moacct npocTO iiimniiHpoBaTb 
BbinojiHeHiie CACAyioinem aaxaiiHM. Bot KaK cxcavct nepenncaTb ii|xyi,b[/[,yiunH koa, 
hto6m iiaocAcaib 6 aokhpobkii hotokob: 

// Co3flaHne o6beKTa Task c OTao>KeHHbiM 3anycKOM 

Task<Int32> t = Task.Run(() => Sum(CancellationToken.None, 10000)); 

// MeTOfl ContinueWith B03BpamaeT o6beKT Task, ho o6nhho 
// oh He ncno/ib3yeTCfl 

Task cwt = t.ContinueWith(task => Console.WriteLine( 

"The sum is: " + task.Result)); 

Tenepb, KaK TOJibKO 3anaHiie, BbinojiHHiomee mctoa Sum, 3aBepmirrcH, oho HHHiiHHpyeT 
BbinojiHeHiie CACAyiomero 3anaHim (TaKAce Ha ochobc noTOKa H3 nyjia), KOTopoe BbiBCAeT 
pe3yjibTaT. HcnoAHjnomHii 3 tot koa noTOK He 6jioKiipyeTCH, OACHAan 3aBepmeHira Kaac- 
Aoro H3 yKa3aHHbix 3ajs,amm; oh moacct b oto BpeMH HcnoAHHTb KaKoii-TO Apyrofi koa 
hah, ecAH 3 to noTOK H3 nyAa, BepHyTbca b nyA aah pememia Apyrnx aaAa't. 06paTHTe 
BHiiMaHiie, 'no isbiiio. iiiaioiucc MeTOA Sum 3a/i,aiiiie mo>kct 3aBepmiiTbCH ao Bbi30Ba Me- 
TOAa ContinueWith. BnponeM, sto He npo6AeMa, TaK KaK mctoa ContinueWith 3aMeTHT 
3aBepmeHiie 3aAaHHH Sum h HeMeAAeHHO HanHeT BbinoAHeraie 3aAaHHH, OTBenaiomero 
3a BbiBOA pe3yAbTaTa. 

TaKAce CAeAyeT o6paTHTb BHiiMaHiie Ha to, hto mctoa ContinueWith B03BpamaeT 
ccbiAKy Ha HOBbiH o6beKT Task (b MoeM KOAe OHa noMemeHa b nepeMeHHyio cwt). Flpn 
nOMOHTH 3TOTO o6beKTa MOACHO BbI3bIBaTb pa3AHHHbie HACHbl (HanpHMep, MCTOA Wait, 
Result hah AaAce ContinueWith), ho o6biHHO oh npocTO iirHopiipyeTcn, a ccbiAKa Ha 
Hero He coxpaiiMCTCA b nepeMeHHoii. 

CAeAyeT TaKAce ynoMHHyrb, hto bo BHyTpeHHeii peaAH3an,HH o6beKT Task coAepACHT 
KOAAeKn,iiio ContinueWith. 3to AaeT bo3moachoctb HecKOAbKO pa3 Bbi3BaTb mctoa 
ContinueWith npn noMomu eAHHCTBeHHoro o6beKTa Task. KorAa sto 3aAamie 3aBep- 
hihtch, bcc 3aAAHHH H3 KOAAeKiiHH ContinueWith OKaAcyTca b onepeAH b nyAe noTOKOB. 
KpoMe Toro, npn Bbi30Be mctoaa ContinueWith moacho ycTaHOBHTb cjiAarii nepenHC- 
AeraiH TaskContinuationOptions. IlepBbie mecTb cjiAaroB — None, PreferFairness, 
LongRunning, AttachedToPanent, DenyChildAttach h HideSchedulen — aHaAoriiHHbi 
<}:)Aa ra.vi noKa3aHHoro paHee iicpc'iuc./iemiM TaskCreationOptions. Bot KaK m.uvmAUT 
THn TaskContinuationOptions: 

[Flags, Serializable] 

public enumTaskContinuationOptions { 

None = 0x0000, // no yMO/iHaHimo 


// Coo6maeT nnaHMpoBUHKy, hto 3aflaHne ao/dkho 6biTb nocTaB/ieHO 
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// Ha Bbino/iHeHMe no bo3mo>khoctm CKopee 
PneferFairness = 0x0001, 

// Coo6maeT nnaHinpoBinHKy, hto eMy cneflyeT 6onee axTMBHo 
// co3flaBaTb nOTOKH B nyne nOTOKOB. 

LongRunning = 0x0002, 

// Bcerfla yHHTbiBaeTcn: npncoeAHHneT 3 aflaHne k ero poflHTe/iK) 

AttachedToParent = 0x0004, 

// Ecam 3aflana nbiTaeTcn npncoeAHHHTbcB k poAHTenbCKoii 3aAaHe, 

// OHa MHTepnpeTinpyeTCB xax odbiHHan, a He xax flonepHnn 3aAaaa. 

DenyChildAttach = 0x0008, 

// 3acTaB/ifleT AonepHHe 3aAaHH ncnonb30BaTb nnaHnpoBmm< no yMOnnaHmo 
// BMecTo poAHTenbCKoro nnaHkipoBinHKa. 

HideScheduler = 0x0010, 

// 3anpemaeT OTMeHy ao 3aBepweHHH npeAwecTBeHHHKa . 

LazyCancellation = 0x0020, 

// 3tot 4>/iar yCTaHaBAHBaiOT, xorAa Tpe6yeTCfl, HTo6bi nOTOK, 

// BbinoAHBiomnn nepBoe 3aAaHne, BbinonHinn n 3aAaHne ContinueWith. 

// Ecah nepBoe 3aAaHne yxe 3aBepmeHo, noTOK, Bbi3biBaK)mnii ContinueWith, 

// BbinoAHneT 3aAaHne ContinueWith 
ExecuteSynchronously = 0x80000, 

// 3th (jjnarn yxa3biBanrr, xorAa 3anycxaTb 3aAaHne ContinueWith 
NotOnRanToCompletion = 0x10000, 

NotOnFaulted = 0x20000, 

NotOnCanceled = 0x40000, 

// 3th (jjnarn flBABiOTCn K0M6nHauneFi Tpex npeAbiAymnx 
OnlyOnCanceled = NotOnRanToCompletion | NotOnFaulted, 

OnlyOnFaulted = NotOnRanToCompletion | NotOnCanceld, 

OnlyOnRanToCompletion = NotOnFaulted | NotOnCanceled, 

} 

IIpn Bbi30Be MeTOna ContinueWith cjuiar TaskContinuationOptions .OnlyOn¬ 
Canceled noKa3biBaeT, tio HOBoe aa/uu i ue aojischo BbinojiHHTbCH TOJibKO b cjiyiae ot- 
MCHbi npeAbinymero. AHajioniHHO, cjuiar TaskContinuationOptions .OnlyOnFaulted 
;i,acT noHHTb, tio BbinojmeHiie hoboto aa/puimi aojokho HanaTbca TOJibKO iioc. : ie toto, 
KaK nepBoe aa/iaii ue CTaHeT hctohhiikom Heo6pa6oTaHHoro hckjttohctthm. Hy a npn 
noMomu (|)jiara TaskContinuationOptions .OnlyOnRanToCompletion bh nporpaM- 
Miipyeic 3anycK hoboto aa/puiiia TOJibKO npn ycnoBHH, tio ii penbmy11ice aa/umue He 
6buio OTMeHeHO h He co3Aa.no Heo6pa6oTaHHoro HCKmoneHUH, a 6buio BbinojmeHO 
nojiHOCTbio. Be3 3 thx cjuiaroB HOBoe 3.a;i,aiiiie a.anycKaci'ca BHe aaiiucu.YiocTu ot toto, 
KaK 3aBepumjiocb npenbinyuiee. Ilocjie 3aBepmeHHH o6beKTa Task aBTOMaTHnecKii 
OTMeHHKJTCH Bee ero Bbi30Bbi c He3anymeHHbiMH 3anaHiiHMH. Bot npiuviep, acmoh- 
CTpHpyioTHHH cKa3aHHoe: 
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// Co3flaHne m 3anycK 3aAaHnn c npoao/DKeHneM 
Task<Int32> t = Task.Run(() => Sum(10000)); 

// MeTOfl ContinueWith B03BpamaeT o6beKT Task, ho o6nhho 
// oh He ncno/ib3yeTCfl 

t.ContinueWith(task => Console.WriteLine("The sum is: " + task.Result), 
TaskContinuationOptions.OnlyOnRanToCompletion); 

t.ContinueWith(task => Console.WriteLine("Sum threw: " + task.Exception), 
TaskContinuationOptions.OnlyOnFaulted); 

t.ContinueWith(task => Console.WriteLine("Sum was canceled"), 
TaskContinuationOptions.OnlyOnCanceled); 


AonepHue 3aflaHi45i 

KaK ncMOHCTpirpyeT naHHbiir koa, 3anamiH no/mepaciiBaiOT b >1110116 nponero h OTHorne- 
hhh npenoK-noTOMOK: 

Task<Int32[]> parent = new Task<Int32[]>(() => { 

var results = new Int32[3]; // Co3flaHne MaccwBa ana pe3ynbTaT0B 

// C03flaHne m 3anyCK 3 AOnepHMX 3aflaHnii 
new Task(() = > results[0] = Sum(10000), 

TaskCreationOptions.AttachedToParent).Start(); 
new Task(() = > results[l] = Sum(20000), 

TaskCreationOptions.AttachedToParent).Start(); 
new Task(() = > results[2] = Sum(30000)j 

TaskCreationOptions.AttachedToParent).Start(); 

// Bo3BpamaeTca ccbmxa Ha MaccMB 
// (aneMeHTbi MoryT 6biTb He nHnuntann3MpoBaHbi) 

return results; 

}); 

// BbiBofl pe3ynbTaT0B noc/ie 3aBepiueHna poAHTenbcxoro w AonepHnx 3aAaHnfi 
varcwt = parent.ContinueWith( 

parentTask => Array.ForEach(parentTask.Result, Console.WriteLine)); 

// 3 anycK poAHTenbCKoro 3 aAaHna, KOTopoe 3 anycKaeT AonepHue 
parent. StartQ; 

PoAHTeubCKoe 3»a;i,aiiiic coa/tacT h 3anycKaeT Tpn nobcic'ia Task. IIo yMOiPiamiio 3 a- 
naHHH-noTOMKii nonaAaiOT Ha caMbiii BepxHHH ypoBeHb h He hmciot o rnomcmia k cbo- 
eMy npe^Ky. OAHaico npn ycTaHOBKe (jwiara TaskCreationOptions. AttachedToPa rent 
poAHTeiibCKoe 3aA,aHiie 3aBepmaeTCH TOJibKO nocne 3aBepmeHiiH Bcex ero noTOM- 
kob. Ecjiii npn co3AaHiiii o6beKTa Task mctoaom ContinueWith ycTaHOBHTb (juiar 
TaskContinuationOptions .AttachedToParent, to 3aAaHHe, 3anycKaeMoe nociie 3a- 
BepmeHiiH npeubmymero, ctaHeT ero hotomkom. 
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CTpyKTypa 3aAaHM$i 

KaacAbiii 06 'bcicr Task coctoht h 3 Ha 6 opa noneft, oiipcACumomiix coctomiiipc 3a/iaHH>T. 
B hx hhcjio bxoaht: HACHTHcj^iiKaTop Tima Int32 (npeAHa 3 HaueHHoe TOJibKO /yia htciiiui 
cbohctbo Id o 6 'P)Ckt;i Task), aiia'icmieTima Int32, npeACTaBnaiomee coctomiiiicB binon- 
HemiH 3a/iaiiiT>T, ccbijiKa Ha poAHTenbCKoe aanaiiiie, ccbinKa Ha o 6 beKT TaskScheduler, 
noKa3biBaiomiiH BpeMH C03;i,aimM .'sa/uum a, ccbunca Ha mctoa o 6 paTHoro Bbi30Ba, ccbunca 
Ha o 6 beKT, KOTopbifi cjieayeT iiepe/taTi, b mctoa o 6 paTHoro Bbi30Ba (3 tot odbeKT aoctv- 
neH ■ icpea iipc/i.iiaana'icmiocTonwco/yia htcupim cbohctbo AsyncState o 6 beKTa Task), 
ccbuiKa Ha KJiacc ExecutionContext h ccbuiKa Ha o 6 beKT ManualResetEventSlim. 
KpoMe toto, KaacAbiii o 6 bCKT Task iiMeeT ccbinKy Ha AononHHTenbHoe cocToniiiie, co 3- 
/UiiiacMoe no Tpe 6 oBaHiiio. 3 to /p,oipo. iiiii p<‘.'ii>ipoc 1 coctomipipc mcnio'iacr b ce 6 a o 6 beKT 
CancellationToken, kojuickhpiio o 6 beKTOB ContinueWithTask, KonneKuino o 6 beKTOB 
Task Ann AO'iepiiiix 3a/i,aiini ; i, ciamimx hctouhiikom Heo 6 pa 6 oTaHHbix hckjiiohciiiih, 
h npouee b tom ace ayxe. 3a Bee 3 th bo3moachocth npiixoAHTcn nnaTHTb, TaK KaK Ana 
xpaHeHiia KaacAoro coctohhiih TpedyeTca BbmejiHTb mccto b naMHTii. Ecnn AononmiTenb- 
Hbie B03M05KH0CTH BaM He HyacHbi, ji,j ih donee 3(jxJ)eKTIIBHOrO paCXOAOBamra pecypcoB 
peKOMCHAyeM BOcnonb30BaTbca mctoaom ThreadPool.QueueUserWorkltem. 

Kjiaccbi Task ii Task<TResult> peajni3yiOT iimcpijx'iic IDisposable, tio no3BonaeT 
nocjie a.aiicpiiieiina pa6oTbi c ooucktom Task Bbi3BaTb mctoa Dispose. IIoKa tio otot 
mctoa Bcero numb 3aKpbmaeT odbeKT ManualResetEventSlim, ho moacho onpeAeniiTb 
KJiaccbi, npoii3BOAHbie ot Task ii Task<TResult>, KOTopbie 6yayT iip>iyi,c. : iM'P i> cboh pecyp- 
Cbi, ociioooac/tac.vipac npn noMomu iicpeoiipc/i.e.K'iiiioi'o MCTOAa Dispose. PaayMCCTca, 
paapadoT'tii kip pppaicp pi'iccicpi 11 itko pyt,a He Bbi3biBaiOT mctoa Dispose .yia odbercra Task; 
ohh npocTO no3BOJiHiOT ydopmiiKy Mycopa yaaniiTb ocBodoAHBmiiecH pecypcbi. 

KaK jierKO 3aMeTHTb, y KaacAoro o6beKTa Task ecTb none rana Int32, coAepacamee 
yHHKajibHbiii u/i,cm ii())iiKa'iop aa/uunia. IIpii co.3/i,aiiii 11 o6'i>cicia oto none HHim,iianii3ii- 
pyeTca HyneM. IIpii nepBOM o6pameHiiii k cbohctb Id (AOCTynHOMy TonbKO pjm uremia) 
b none aaiioc iitoi aiia'pciine Tima Int32, KOTopoe h B03BpamaeTca b ica'iec'i iic pe3ynbraTa 
3anpoca. I ly.vicpaiuia iiaciitik}) HKaTopoB HaaimaeTca c CAHimubi h yiic.iii'iiiiiac'PCM Ha 
caithhuv c Kaac/ibiM cneAyiomiiM npiicBoeHHbiM iiACHTiicjiiiKaTopoM. Hrodbi 3aAaHiiio 6bin 
npiiCBoeH n;i,cin'H())iiica'iop, Aocrarompo OTKpbiTb odbeKT Task b O'lna/cfuice Microsoft 
Visual Studio. 

M;i,ein ii())iii<a'i o|:)P)i 6 burn mscAcm>i Ana toto, UTodbi KaacAOMy 3aAaHiiio cootbctctbo- 
Ban yHHKanbHbiii HOMep. B Visual Studio haciitii<}ui KCi iop) p,i moacho yBimeTb b OKHax 
Parallel Tasks h Parallel Stacks. Ho TaK KaK npiiCBoemie ii/reipppir))HKaTopoB npoiicxoAHT 
aBTOMaTiiuecKii, npaKTiiuecKii HeB03M0acH0 noHHTb, Karate 3i la'tci p 11 xi k KaKi-iM aa/ra i p pi mm 
othochtch. TeM He MeHee MoacHO odpaTHTbca k CTaTHuecKOMy CBOiicTBy Cur rent Id 
oobCK'ia Task, KOTopoe B03BpamaeT aipa'peniic THna Int32, AonycKaiomero npiiCBoemie 
3]iaucnitif null (Int32?). Y3HaTb HACHTiicjiiiKaTop KOAa, OTnaAKa KOToporo npoiicxoAHT 
b AaHHbiii momcht, MoacHO TaKace b OKHax Visual Studio Watch h Immediate, nocne 3Toro 
ocTaeTca HaiiTii 3 to 3aAaHiie b okhc Parallel Tasks hah Parallel Stacks. Ecmi ace 3anpociiTb 
cbohctbo Currentld Ann 3aAamia, KOTopoe He BbinonHaeTca, B03BpamaeTca null. 



766 QiaBa 27. AcuHxpoHHbie BbiHnc/inTe/ibhibie onepapnn 


y3HaTb, Ha KaKOH CTa/iHH cBoero acH3H6HHoro uHKJia HaxoAHTca 3a/iaHiie, moacho npn 
noMomu iipe/p.iia.iipa'ieiiiioi o TOJibKO /p,jih htchiih CBofiCTBa Status oobeiaa Task. Oho 
B03BpamaeT aipa'ienne TaskStatus, KOTopoe onpenejiHeTCH c.;ic;i,yiomiiM o6pa30M: 

public enum TaskStatus { 

// <5/larn, o6o3HaMaiomMe cocTOHHue 3aAaHna: 

Created, // 3aAaHne co3AaHO b abhom BMfle 

// m mojkgt 6biTb 3anymeHO BpyHHypo 
WaitingForActivation, // 3aAaHne co3AaHO hbbbho 

// n 3anyci<aeTCA aBTOMaTHHGCKn 

WaitingToRun, // 3aAaHne 3annaHwpoBaHO, ho eme He 3anymeH0 

Runnings // 3aAaHne BbinonHAeTCA 

// 3aAaHne pkabt 3aBepuieHAA AonepHHx 3aAaHnii, hto6n 3aBepujMTbCA 
WaitingForChildrenToComplete, 

// B03M0)KHbie OKOHHaTeAbHbie COCTOAHIHA 3aA3HAA 

RanToCompletion, 

Canceled, 

Faulted 

} 

ToabKO hto coa/pai in bi h o6beKT Task HMeeT craTyc Created. 1 loa/uicc, Korna 3a/p,a- 
Hiie CTaisuTCM b 0'K‘pc/i,P) Ha BbinojiHeHiie, ero CTaTyc mciphctch Ha WaitingToRun. 3a- 
iiyiueimoMy aa/i.Hiiiiio b noTOKe nptiCBaHBaeTCH CTaTyc Running. I IpnocTaHOBjieHHOMy 
aa/uiiiii io, KOTopoe o>i<n/iacT 3aBepmeHiiH Aonepiiitx aaaaimii, cooTBeTCTByeT CTaTyc 
WaitingForChildrenToComplete. IIojiHOCTbio 3aBepmeHHoe 3anaHHe HMeeT oaho h3 
Tpex B03MoacHbix coctohhiih: RanToCompletion, Canceled hjih Faulted, y.'iiiaa p, pe- 
3yjibTaT liiiiiio.aiieima ;sa/i,aipnai Task<TResuIt > moacho 'tepc.3 ero cbohctbo Result. Ecjiii 
BbinojiHeHiie aa/iyi'iii Task hjiii Task<TResult> npepbiBaeTCH, y3HaTb, KaKoe iimciiiio 
Heo6pa6oTaHHoe HCKJnoHeHiie 6bijio B6pomeHO, moacho nepe3 cbohctbo Exception o6b- 
eKTa Task; oho i5cciyi,a B03BpamaeT o6beKT AggregateException, ko. ijpckilip ai KOToporo 
COCTOHT H3 Heo6pa6oTaHHbIX ITCKJPTO'TCHHH. 

/],jih y/ioocnsa o6beKT Task npenocTaBjineT Ha6op iipe/p,iia.3iia , iei[iii>ix TOJibKO /p,jih 
htctihh cbohctb THna Boolean: IsCanceled, IsFaulted h IsCompleted. IIocjieAHee 
cbohctbo B03Bpaup,aeT 3HaHeHiie true, ecjin o6beKT Task HaxoAHTCH b coctohhiih 
RanToCompleted, Canceled hjih Faulted. OnpenejiiiTb, ycneniHO jiii BbinojiHeHO 3a- 
Aai i pic, npome Bcero npn noMomu bot TaKoro icoya: 
if (task.Status == TaskStatus.RanToCompletion) ... 

06beKT Task 0Ka3breaeTCH b coctohhiih WaitingForActivation, ecjin oh coa/ta- 
eTca npn noMomu oahoh h3 cjieAyromiix (JiyHKiijiH: ContinueWith, ContinueWhenAll, 
ContinueWhenAny hjih FromAsync. 3a/i,aHHe, co3AaHHoe nyTeM KOHCTpynpoBaHHH 
o6beKTa TaskCompletionSource<TResult>, TaKAce OKa3MBaeTCH b coctohhiiii 
WaitingForActivation. 3to coctohhiic 03HaHaeT, hto njiaHiipoBaHiie 3aaamia ynpaB- 
jiaeTCH ero co6ctbchhoh HHiJipacTpyKTypoH. K npimepy, HeB03M0ACH0 hbhmm o6pa30M 
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3anycTHTb o6beKT Task, C03, : iamip>iii bm30bom (jiyiiiainn ContinueWith. 3to 3a/iaiiHC 
3anycTHTCH amo.via'i'H'iccKii nocjie aancpmemiM npeAMAymero. 


0a6puKn 3aAanii m 

14iioi/pi B03HiiKaeT neo6xo/[,iiMOC'n< iio. : i\ m piiti> Ha6op o6 - beKTOB Task, iiaxoAMinnxoi 
B OAHOM H TOM >KC COCTOHHIIH. 3TOTO He II V>KIIO pa3 3a pa30M liepe/l,a iiaTP) OAHU H Te 

ace napaMeTpbi b KOHCTpyKTop KaacAoro 3aAaHiia, AOCTaTOHHO co3AaTb <pa6puKy 3adamiu 
(taskfactory), iii[icaiicy.Tiipyioiipyio HyacHoe coctohiiiic. B npocTpaHCTBe iimcii System. 
Threading.Tasks onpeAeAeHbi THnbi TaskFactory h TaskFactory<TResult>. 06a 
3THX THna HBAHIOTCH npOH3BOAHbIMH OT THna Sy Stem . Ob ject; TO eCTb OHII MIS.TMIOTCH 
paBHOpaHrOBbIMH. 

JXjisi C03/i,aiiiiM rpynnbi 3aAaHnn, He iso3,is|)ainaiomiix oiia'peiiiiii, KOHCTpynpyeTca 
KAacc TaskFactory. I£c./i 11 ace 3 th aa/piiiiui aoaachm B03BpamaTb Heicoe aipa'peiiiic, no- 
Tpe6yeTca miacc TaskFactory<TResult>, KOTopoMy b ofio6mciiiio.\i apiyMCin'c TResult 
iiepcAaciCM acejiaeMbin THn B03BpamaeMoro ana'iciTHH. IIpH co3AaHim sthx i<./iaccon 
hx KOHCTpyKTopaM nepeAaiOTCH napaMeTpbi, kotophmh 3aAaHHH aojiachm o6aaAaTb no 
yMOAnaHiiio. A TOHHee, nepeAaiOTCH napaMeTpbi CancellationToken, TaskScheduler, 
TaskCreationOptions n TaskContinuationOptions, HaACAmomne 3aAAHiia HyacHbiMn 
CBOHCTBaMH. 

11p it\T e|) npiiMeHemiH KViacca TaskFactory: 

Task parent = new Task(() => { 

varcts = new CancellationTokenSource(); 
vartf = new TaskFactory<Int32>(cts.Token, 

TaskCreationOptions.AttachedToParent, 

TaskContinuationOptions.ExecuteSynchronously, 

TaskScheduler.Default); 

// 3aflaHne co3AaeT in 3anycKaeT 3 AoaepHHx 3ap,anv\n 
varchildTasks = new[] { 

tf.StartNew(() => Sum(cts.Token, 10000)), 
tf.StartNew(() => Sum(cts.Token, 20000)), 

tf.StartNew(() => Sum(cts.Token, Int32.MaxValue)) // McK/iposeHne 

// OverflowException 

}; 


// Ec/im flonepHee 3aflaHne CTaHOBMTcn wctomhukom MCKmoHeHinfl, 

// OTMeHaeM Bee Aosepmne 3ap,anvt» 

for (Int32 task = 0; task <childTasks.Length; task++) 
childTasks[task].ContinueWith( 

t => cts.CancelQ, TaskContinuationOptions.OnlyOnFaulted); 

// riocAe 3aBepmeHna AOHepmnx 3aAaHnii noAy^aeM MaxcuMaAbHoe 
// B03BpameHH0e 3HaneHne in nepeAaeM ero ApyrOMy 3aAaHinio 
// AAA BbIBOAa 
tf.ContinueWhenAll( 
childTasks, 
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completedTasks => completedTasks.Where( 

t => It.IsFaulted && !t.IsCanceled).Max(t => t.Result), 

CancellationToken.None) 

.ContinueWith(t =>Console.WriteLine("The maximum is: " + t.Result), 
TaskContinuationOptions.ExecuteSynchronously); 

}); 

// noc/ie 3aBepiueHHR aonepHnx 3aaaHnii BbiBOfluiM, 

// B TOM HMC/ie, M Heo 6 pa 60 TaHHbie HICK/llOMeHHR 

parent.ContinueWith(p => { 

// TexcT noMemeH b StringBuilder n oflHOKpaTHO Bbi3B3H 
// MeTOfl Console.WriteLine npocTO noTOMy, hto bto 3aaaHne 
// MOxeT Bbino/iHRTbefl napanne/ibHO c npeflbiflyinnM, 

// n n He xony nyTaHnpbi b BbiBOflnMOM pe3ynbTaTe 
StringBuildersb = new StringBuilder( 

"The following exception(s) occurred:" + Environment.NewLine); 

foreach (var e in p.Exception.Flatten().InnerExceptions) 
sb.AppendLine(" "+ e.GetType() .ToStringO); 

Console.WriteLine(sb.ToString()); 

}, TaskContinuationOptions.OnlyOnFaulted); 

// 3anycK poflnTe/ibCKoro 3aflaHnn, xoTopoe MO*eT 3anycKaTb flosepHne 
parent. StartQ; 

B 3tom ico/tc coa/tacTCM o 6 beKT TaskFactory<Int32>, npii noMomii KOToporo noTOM 
C03nai0TCH Tpn o 6 i>eKTa Task. 11 pH otom h xo'iy, hto 6 m Bee oobeicibi Task 06 . 13 / 1 , 3 .! 11 
oahiim h TeM ace MapKepoM CancellationTokenSource, hto 6 m Bee ohii iiMe/m oahoto 

pOAHTCJIH, T TTo 6 bI AAH HHX BCCX IICn0JIb30BaJICH OAIIH H TOT SCe 3aAaHHbIH nO yMOJIHaHIIIO 
njiaHiipoBBiiiK 3a.iaii 11 ii h 'ito 6 i*p Bee ohii hi>iiio.ti t fi. iit cr> o,iiioi5pe.M(‘imo. 

IIoaTOMy H3 Tpexo6beKTOB Task, co3AaHHbix MeTOAOM StartNewKAacca TaskFactory, 
cjiopMiipyeTCH MacciiB. /laHHbiii MeTOA KpaiiHe yAo6eH aah C03AaHira ii 3anycKa Aonepmix 
aa/iaiuiii. B u,iiKjie KaacAoe 113 Aouepimx 33 / 1 , 3111111 , CTaBinee hctohhiikom Heo6pa6oTaH- 
hoto ncK.iio'iemiM, otmciphct Bee ocTa.ibiibie 3anymeHHbie b /uii i i i i>i ii mom cm 33 / 1,31111 a. 
HanociieAOK b Kjiacce TaskFactory i:p>i.3P>ii:aeTC3 mcto/p,C ontinueWhenAll, co.3;i,aiomiiii 
3a/i,aHiie, Bbino/iHHiomeecji nocjie 3aBepmeHiiH Bcex AOHepmix sajiamm. ByAyan co3AaHO 
b Kjiacce TaskFactory, ./no HOBoe . 33 / 1,31 iiie Taioice otinacTca /p.O'ic|)i p n ,m h m.iiio. iiiacTCM 
B CIIHXpOHHOM pC'/KHMC C IIO.MOIHI)IO .'53,131 1110 If) nO V MO.T 1 P 31 1IIIO njiaHIipOBHTHKa. Ho TaK 
KaK oho ,io.t/ktio BbinojiHHTbCH Aaace nocjie OTMeHbi oci3.il*11 i»px AO'iepiiiix /sa/uu 1 11 ii, 
ero CBOiicTBO CancellationToken nepeonpeAeAneTca nyTeM nepe^aHii eMy 3HaHeHira 
CancellationToken. None. 3 to BOo 6 me HcicTionacT B03M05KH0CTb otmchh 3aAaHiiH. 
Hy h iioc.tc toto, KaK o6pa6aTbiBaiomee pe3yjibTaTbi . 33 / 1,31 me 3aBepmaeT cboio pa6oTy, 
co3AaeTca eme 0,1110 33 / 1,31 1 11 c, iipe.iii33iia i i(‘iiiioe a.th BbraoAa MaKciiMajibHoro 113 B03- 
BpameHHblX AOnepHIIMH 3aA,aHHHMH 3HaHeHIIH. 
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nPMMEHAHME 

Bbi30B CTaTHHecKMx MeTOAOB ContinueWhenAII w ContinueWhenAny K/iaccoB 
TaskFactory v\nv\ TaskFactory<TResult> Ae/iaei HeAeMCTBMTe/ibHbiMM c/ieAyioiAHe cjma- 
rw TaskContinuationOption: NotOnRanToCompletion, NotOnFaulted n NotOnCanceled. 
MrHopnpyiOTcn u TaKne BcnoMoraie/ibHbie <t>jiarn, KaK OnlyOnCanceled, OnlyOnFaulted 
i/i OnlyOnRanToCompletion. To ecTb MeTOAbi ContinueWhenAII n ContinueWhenAny 3a- 
nycKaiOT caeAyioiAee 3aAaHne BHe 3aBwcmvioc™ OTToro, kakhm OKa3biBaeTCH pe3y/ibTaT 
Bbino/iHeuMn npeAbiAyiAero. 


ri/iaHlipOBLUlIKlI 3aAaHMM 

3aAaHiiH o6jiaa,aiOT oueHb radi-cott iiHtjtpacTpyKTypoii, npimeM He b nociieAHioio ouepeAb 
djiaroAapn o6 - beKTaM TaskScheduler. Hmchho o6beKT TaskScheduler OTBeuaeT 3a 
m.iiio. iiienue aaii.iamipoiiaimbix aa/un 111 ii h bhboaht mi(})op\iai 11110 o mix b OTjia/i/mice 
Visual Studio. B FCL cymecTByeT /usa 11 ])011.1 iio/u 1 inx ot TaskScheduler THna: n. iaim- 
poBiitHK sa/tairnii b iiyjie noTOKOB h n.iaimpoiiimiK ::sa/i,aiiiiii KOHTeKCTa ciiHxpomi3a- 
UHH. IIo yMO.'i'iaimio Bee npiuioacemm uciio.ibsyiOT nepBbin 113 hhx, iLiaimpyioiiuiii 
3aAaHHH paoo'iux noTOKOB b nyjie (oh no/ipoono paccvtaTpuisacTCM uyTb iio.3>i<e). /Ipm 
nojiyueHHH ccbijiKH Ha Hero Hcnojib3yeTCH CTanmecKoe cbohctbo Default Knacca 
TaskScheduler. 

njiamipOBIAHKH 3aAaHHii KOHTeKCTa CHHXpOHH3aUHH 061)1 '1110 1 ipn MCI I M IOTO-I B npii- 
jiOKeminx Windows Forms, Windows Presentation Foundation (WPF), Silverlight 
h Windows Store. Ohii ii./iaiuipyiOT aa/pmim b noTOKe rpacjnmecicoro HHTepcjieHca npn- 
jioscemiH, ooeciiC'iuiiaM onepaTHBHoe ooiiob./ieime Tanux ojicmciitoii HHTepcjteiica, KaK 
KHonKH, nyHKTbi Memo h t. n. 3 tot ii.iaimpommiK noofimc miKaic He HCi10.ib.3ycT nyji 
noTOKOB. I louy'HiTb Ha Hero ccbuncy mohcho c noMombio CTaTimecKoro MeTOAa From- 
CurrentSynchronizationContext KJiacca TaskScheduler. 

CAeAyioutee npocToe iipii./ioacemie Windows Forms /tcvionc'ipupycT 11 ])n mcikm 1 nc 
ii.iamipomiunca 3aAamnr KOHTeKCTa CHHxpommaitHH: 

internal sealed class MyForm : Form { 

private readonly TaskScheduler m_syncContextTaskScheduler; 
public MyFormQ { 

m_syncContextTaskScheduler = 

TaskScheduler.FromCurrentSynchronizationContext(); 

Text = "Synchronization Context Task Scheduler Demo"; 

Visible = true; Width = 600; Height = 100; 

} 

// nonyHeHne ccn/ikh Ha n/iaHnpoBii|HK 3aflaHinn 

private readonly TaskScheduler m_syncContextTaskScheduler = 

TaskScheduler.FromCurrentSynchronizationContext(); 

private CancellationTokenSource m_cts; 

protected override void OnMouseClick(MouseEventArgs e) { 
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if (m_cts != null) { // Onepaunn HauaTa, OTMeHfieM ee 
m_cts.Cancel(); 
m_cts = null; 

} else { // Onepaunn He HaHaTa, HannHaein ee 

Text = "Operation running"; 
m_cts = new CancellationTokenSourceQ; 

// 3aaaHne ncno/ib3yeT nnaHnpoBuinK no yMO/inaHnio 
// n Bbino/iHfleT nOTOK M3 nyna 

Task<Int32> t = Task.Run(() => Sum(m_cts.Token, 20000), m_cts.Token); 

// 3TM 3aflaHMB nCnO/lb3yiOT n/iaHMpOBUtHK KOHTeKCTa CMHXp0HM3aUHn 
// m Bbino/iHniOTcn b noTOxe rpa<|)MHecKoro MHTep^ePica 
t.ContinueWith(task = > Text = "Result: " + task.Result, 

CancellationToken.None, 

TaskContinuationOptions.OnlyOnRanToCompletion, 
m _syncC°ntextTaskScheduler); 

t.ContinueWith(task => Text = "Operation canceled". 

CancellationToken.None, TaskContinuationOptions.OnlyOnCanceled, 
m _syncContextTaskScheduler); 

t.ContinueWith(task => Text = "Operation faulted". 

CancellationToken.None, TaskContinuationOptions.OnlyOnFaulted, 
m _syncC°ntextTaskScheduler); 

} 

base.OnMouseClick(e); 

} 

} 

IIpii menHKe Ha KjmeHTCKoft o6jiacTH hohhoh (jropMbi b noTOKe nyjia HaniiHaeT 
BbinOJIHHTbCH libl'I I1C.I H'lC.T b I IOC .33/1311110. 3 tO XOpOIHO, TaK KaK O.'ilia'iaCT, HTO GUI- 
noTOK He 3a6jiOKiipoBaH h MoaceT pearnpoBaTb Ha onepaiinii c nojib30BaTejibCKHM 
HHTepcJieHCOM. IIpn 3 tom lieno. i 11 MC.vi bi ii noTOKOM H3 nyjia koh He ,/[,o.t>icoii iibi ra i bca 
o6HOBjiHTb ::).TC.viemT)i nmepijiciica. B npoTHBHOM c/iynae oyacr libi/pmo itctcttohcttitc 
I nvalidOperationException. 

I loc.icaaiicpiiieiniM aa/iyuma, CBH3aHHoro c n i>im uccieiin hmh, iia'imiacT isbiiio. iiia rbCM 
0/1,110 H3 Tpex c.Tc;tyiomnx 3a hum aa/iyuiiiii. Bee ;:n n aa/iyii 111/1 o6pa6aTbiisaiOTca ii.iaiin- 

pOBBTIIKOM KOHTeKCTa CHHXpOHII3aH,HH, 111) 11 'IC'.M OTO'I I l. iai III |)C) 15111 IT K' CTaBHT 33/1,31 HIM 

b O'iepc/ 1 , 1 ) GUI-noTOKa, noano/ma Ko/yy 3 thx 33 / 1 , 31 inii ycneniHO ooiiob. iin i, 3/ieMeHTbi 
iTHTcpcjiciTca. 06HOB/ieHiie nonniiceii Ha cjropMe ocymecTB/iaeTca aepe3 yHac/ienoBaHHoe 
cbohctbo Text. 

TaK KaK BbiHHC/iHTe/ibHoe 3anaHiie (mcto/i Sum) 3anycKaeTca b noTOKe ny/ia, no/ib30Ba- 
tc.t i) MoaceT OTMCHiiTb onepapHH npn noMomu s/icmciitoi: nHTepcj/eiica. B mocm npimepe 
/Via OTMeHbi oiicpaniiii yocTaTO'ino me. iKnyi b Ha kjtwctttckoh o6.t3Ctu ())o]).\i i>i. 

PasyMCCTca, npn iia.iii'iuii cncuiia.Tbiibix Tpe6oBaHHii k ii.iamipoiiimiicy MoacHO 
onpeneaiiTbco6cTBeHHbiii Kjiacc, npoH3BOflHbiH ot TaskScheduler. Microsoft npe/yiaraeT 
MHoacecTBO npiiMepoB Koaa /yia 33/1,3111111 h pa3JiiiHHbix n/iamipoBmiiKOB b naKCTe Parallel 
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Extensions Extras, KOTopbiii mojkho 3arpy3HTb no anpecy http://code.msdn.microsoft. 

com/ParExtSamples. TaM bm naii;i,C'i'C, b 'raci iiocni, (viCAyiomrie ii.iamipommiicn: 

□ IOTaskScheduler. CTaBHT ;sa/i,aiiiiH b onepe/tb b noTOKax BBOna-Bbreona nyjia, a He 
b paooanx noTOKax. 

□ LimitedConcurrencyLevelTaskScheduler. I [oobo.ihct o/uioispc.vieimo BbinojiHHTbcn 
He 6ojiee neM n .aa/taHHjTM, rue n — napaMeTp KOHCTpyKTopa. 

□ OrderedTaskScheduler. Pa3pemaeT BbinojmeHiie TOJibKO o.tiiom .aa/tamfjT 3 a pa3. 
/laHHbin KJiacc HBjweTCH npoii3BOAHbiM ot LimitedConcurnencyLevelTaskSched 
ulen h b KanecTBe napaMeTpa n eMy nepe/taeTca 1. 

□ PrioritizingTaskScheduler. CTaBHT .aatamia b onepe/tb b nyjie noTOKOB cpe/pa CLR. 
I Iociie 3Toro moscho Bbi3BaTb mcto/i Prioritize h yKa3aTb, 'no ;sa/i,anne aojischo 
6biTb o6pa6oTaHO paHbme Bcex ocTajibHbix 3»a/i,anriii (ecjm sto erne He c/noiano). 
iVlero/i Deprioritize, cooTBeTCTBeHHO, no3BOJuieT BbinojiHiiTb aa/uume nocjie bccx 
npOHHX. 

□ ThreadPerTaskScheduler. C'o.3/i,ac'r h 3anycKaeT OT/tejibHbiH noTOK /uni Kaac,n,oro 
3aAaHiiH, npn sto.yi nyji noTOKOB He ncnojib3yeTCH. 


MeTOAbi For, ForEach m Invoke K/iacca Parallel 

CymecTByioT caaur/ui|) i ifme crnyaniiii, b kotophx tcopctiimcckii bo3mo5kho noBbime- 
Hiie npoH3BOAHTejibHOCTH, o6ycjiOBJieHHoe npiiMeHeHiieM aa/umriri. /lym ynpomemiH 
nporpaMMiipoBaHiin sth cneiiapn 11 iiHKancyjnipoBaHbi b ciaiH'ieciaiii KJiacc System. 
Th reading. Ta sks.Parallel. Hanpimep: 

// Oahh noTOK Bbino/iHaeT boo pa6oTy nocaeAOBaTenbHo 
for (Int32 i = 0; i < 1000; i++) DoWork(i); 

BMeCTO o6pa6oTKH BCex O.lCMCIITOli 3T0ii KOJIJieKUHH MO/K110 B0Cn0JIb30BaTbCH Me- 
toaom For KJiacca Parallel h pacnpeAejiHTb pa6oTy Mesc/ty HecKOJibKHMH noTOKaMH 
H3 nyjia: 

// riOTOKn M3 ny/ia BbinonHBKDT pa6oTy napannenbHO 
Parallel.For(@, 1000, i => DoWork(i)); 

AHajiooiHHbiM o6pa30M cneAyioniyio KOHCTpyKiirno: 

// Oamh noTOK BbinOAHaeT boo pa6oTy no onepeAM 
foreach (var item in collection) DoWork(item); 

MO/K 110 3aMeHiiTb TaKoii: 

// riOTOKM M3 nyna BbinOAHSiOT pa6oTy napannenbHO 
Parallel.ForEach(collection, item => DoWork(item)); 
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Ecah y Bac ecTb Bbi6op moi-cav For h ForEach, jiymie hci io.rp>;:jyii'ic; r lhk.i For, TaK 
KaK oh pa6oTaeT 6bicTpee. 

Ecjih BaM HyacHO BbinoAHiiTb HecKOAbKO mctoaois, moacho CAeaaTb 9 to rioc./rc/io ihi- 
TejibHO — HanpiiMep, bot TaK: 

// OflHH noTOK Bbino/iHfieT MeTOflbi no onepefln 
Methodl(); 

Method2(); 

Method3(); 

TaKace B03MoacHO napaajiejibHoe BbinoAHeHiie: 

// noTOKn n3 ny/ia Bbino/iHniOT MeTOflbi oflHOBpeMeHHO 
Parallel.Invoke( 

() = > MethodlQ, 

() => Method2(), 

() = > Method3()); 

BeeMeTOAbi Kaacca Parallel aacTaisAHiOT m>i3i>iBaioinnii noTOKnpiiHiiMaTbynacTHe 
b hx o6pa6oTKe. 3to xoporno c tohkii apeima pacxoAOBaHira pecypcoB, TaK KaK Bbi3biBa- 
K)UIHH noTOK He 6jiOKiipyeTCH, oaciiAaa BbinoAHeHira pa6oTbi noTOKaMii nyjia. BnponeM, 
ecjiii BbinoaHeHiie Bbi3biBaiomero noTOKa6yaeT aaicoii'tcno ao toto, KaK noTOKii H3 i ly.ia 
BbinOAHHT CBOK) HaCTb, BbI3bIBaK>mHH nOTOK npHOCTaHaBAHBaeTCH AO HX 3aBepmeHIIH, 
hto Toace iich.toxo, TaK KaK o6ecne i niBaeT ceMaHTHKy, aiianoi ii'i ii vio npiiMeHeHiiio 
u,HKJia for hah f oreach. BbinoAHeHiie Bbi3biBaiomero noTOKa He bo3o6hobahctch, noKa 
He 6yAeT 3aBepmeHa bch pa6oTa. Ecah KaKaH-Aii6o oneparpia ctahct hctohhiikom He- 
o6pa6oTaHHoro ucif. iionemiM, Bbi3BaHHbifi BaMH mctoa Parallel BbiAacT iinc.iio'ieniie 
AggregateException. 

ParjyMceicii, sto He .siia'iiiT, tio bcc aiikam for b cbocm koac CAeAyeT 3aMeHHTb bm- 
30BaMii Parallel. For, a hhkabi foreach — Bbi30BaMii Parallel. ForEach. Bbi30Bbi 
Parallel 6a3iipyiOTCH Ha npeAnoAoaceHHH, hto pa6oHHe SACMeHTbi 6e3 npo6AeM CMoryT 
BbinoAHHTbCH napaAAeAbHO. Biiai put, aah 3aAaHHii, KOTopbie AOAacHM m,iiio. iinri bca 
nocAeAOBaTeAbHO , bh3ob sto to MeTOAa He imeeT CMbicAa. CAeAyeT TaKace H36eraTb pa- 
oo'inx ojie.vieiiTOb, isnocamnx nrs.vienemiM b Aio6bie cohmcctiio ncnoAb3yeMbie ,iaimp>ie, 
TaK KaK npH OAHOBpeMeHHOM ynpaBAeHIIII HCCKOAbKIIMH nOTOKaMH 3TH AaHHbie MOryT 
0Ka3aTbca noBpeacAeHHbiMii. 06hhho 3Ta npo6ACMa pemaeTca b paMKax cHHxpoHH3au,HH 
noTOKOB 6AOKiipoBaHHeM cjiparMeHTOB KOAa, b KOTopbix peaAH3yeTca AOCTyn k AaHHbiM. 
OAHaKO TaK KaK nocae stoto AOCTyn k AaHHbiM b KaacAbiH .vio.viem' BpeMeHii CMoaceT no- 
jiyaaTP) TOAbKO oahh noTOK, TepaeTCH npeHMymecTBO OAHOBpeMeHHoro o6cAyaciiBaHHH 
MHoacecTBa 3. : ieMeinoii. 

KpoMe toto, MeTOAbi KAacca Parallel iiotpc6.thiot mhoto pecypcoB — npHxoAHTca 
BbiACAHTb naMHTb noA AeaeraTbi, KOTopbie Bbi3biBajDTca no OAHOMy aah KaacAoro pa6oaero 
SACMCHTa. IIpH HaAIIHHH MHOACCCTBa pa60HIIX SACMeHTOB, KOTOpbie MOryT o6cAyaCIIBaTb- 
CH pa3HbIMH nOTOKAMH, MOACHO P POJPyn II I Pj pOCT npOH3BOAHTeAbHOCTH. K TOMy ace eCAH 
KaaCAblfi 3AC.Vl(Tn Pi l)P IP O. l IP JIC P MHOTO pa6oTbI, Ha CHHaCeHHe npOH3BOAHTeAbHOCTH H3-3a 
Bbi30Ba AeAeraTOB moacho He o6pamaTb miiiMaima. Ilpo6AeMbi iia'iiiiiaiOTca b cjiyiae, 
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koiaa MeTOAbi KJiacca Parallel npiiMCHHiOTCH k He6ojibinoMy nucjiy pa6o t nix ajieMeHTOB 
hjih ace k .'(jiCMemaM, o6cjiyacHBaHiie kotopmx nponcxoAHT ouem, 6biCTpo. 

CjieAyeT ynoMHHyTb, hto aah mctoaob For, ForEach h Invoke ic/iacca Parallel 
cymecTByiOT neperpyaceHHbie Bepcrai, npHHHMaiomHe o6beKT ParallelOptlons. Bot 

KaK OH BbirjIHAHT: 

public class ParallelOptions{ 
public ParallelOptions(); 

// flonycKaeT OTMeHy onepapnii 

public CancellationTokenCancellationToken { get; set; } 

// no yMO/iHaHum CancellationToken. None 

// no3BoafieT 3aaaTb MaKcuMaabHoe KO/iwpecTBO pa6oMux 

// 3/ieMeHTOBj BbinOaHBeMblX OflHOBpeMeHHO 

public Int32MaxDegreeOfParallelism { get; set; } 

// no yMO/inaHMK) -1 (mmc/io AOCTynHbix npopeccopoB) 

// no3BoafieT Bbi6paTb n/iamupoBnuKa 3aaaHWM 
public TaskSchedulerTaskScheduler { get; set; } 

// no yMO/iHaHUK) TaskScheduler.Default 

} 


CymecTByiOT neperpyaceHHbie BepcHH h aah mctoaob For n ForEach, no3BOJiaiomHe 
nepe^aBaTb Tpn AejieraTa: 

□ /lejierai' /ioKa/ibHoii HHim,HaAii3aii,iiii aa/uuniM (locallnit) KaacAoii Bbinoji- 
HHeMofi aa/yin Bbi3biBaeTCH to./ii>ko 0 / 1,11 h pa3 — nepc/i iio/iy'iemiCM KOMaii,u>i Ha 
o6c. : iv/icri ran nc paoo'icm .a/ieMcma, 

□ /le/icraT body Bbi3biBaeTCH 0 / 1,1111 pa3 a/ih Ka/KAoro D/iCMem a, o6c,/ry> khi sac moi 0 yia- 
CTByiomiiMH b npou,ecce noTOKaMii. 

□ /le/ieraT . 10 Ka,i 1 , 110 m coctohhiih Ka>iCAom noTOKa (localFinally) isbia.raisac'i'Oi 
oahh pa3 aah KaacAoro 3aAaHiiH, noc/ie toto KaK oho o6c/iyacHT bcc nepeAaHHbie eMy 
paoo'tnc .a/iCMcm bi. Taiaicc oh Bbi3biBaeTCH, ec,;i 11 koaA e/iera/ra body riaiiomriCH hc- 

TOHHIIKOM Heo6pa6oTaHHOTO MCKAIOHCFII1M, 

CAeAyromiifi npHMep koaa AeMOHCTpHpyeT iiciio.iboobamie 3thx TpexAe/ieraroB Ha 
npiiMepe cyMMiipoBaHiia 6afiTOB aah Bcex cjiafiAOB, coAepacamuxcn b KaTaaiore: 

private static Int64 DirectoryBytes(String path. String searchPattern, 
SearchOptionsearchOption) { 

var files = Directory.EnumerateFiles(path, searchPattern, searchOption); 

Int64 masterTotal = 0; 

ParallelLoopResult result = Parallel.ForEachcString, Int64>( 
files, 

()=>{// locallnit: Bbi3biBaeTCfi b momcht 3anycKa 3aflaHnfl 

npodonoKenue & 
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// HHnqna/iM3aLinfl: 3aaa4a o6pa6oTa/ia 0 6aFiT0B 

return 0; // npucBanBaeT taskLocalTotal Hana/ibHoe 3HaseHne 0 

L 


(file, loopState, index, taskLocalTotal) => { // body: Bbi3biBaeTCfl 

// oflMH pa3 ana Ka>Kfloro 3/ieMeHTa 
// no/iysaeT pa3Mep cfiaPi/ia m flo6aB^seT ero k o6meMy pa3Mepy 
Int64 fileLength = 0; 

FileStreamfs = null; 
try { 

fs = File.OpenRead(file); 
fileLength = fs.Length; 

} 

catch (IOException) { /* HrHopupyeM c|)afi.nbi, k kotopnm HeT aocTyna */ } 
finally { if (fs != null) fs.DisposeQ; } 
return taskLocalTotal + fileLength; 

}, 


taskLocalTotal => { // localFinally: Bbi3biBaeTCfi oamh pa3 b KOHpe 3aflaHHB 
// ATOMapHoe npn6aB/ieHne pa3Mepa m 3 3aflaHMB k o6meMy pa3Mepy 
Interlocked.Add(ref masterTotal, taskLocalTotal); 

}); 

return masterTotal; 

} 

Kaacnoe 3anaHiie ynpaBjiaeT co6cTBeHHoii npoMeacyTOHHOH cyMMofi (b nepeMeHHoii 
taskLocalTotal) ana .laimbix eft cjiaftaoB. I Ioc.tc toto KaK Bee 3»a/i,aiiiui 3ai:cpmaTCH, 
b 6e3onacHOM b OTHOineHiiii noTOKOB peacHMe o6HOBJiaeTca o6maa cyMMa. 3 toto 
nciio.Tb.aycTOi mctoa Interlocked .Add (no/tpoono oh paccMaTpiiBaeTca b raaBe 28). 
TaK KaK npoMeacyTOHHaa cyMMa /vra KaacAoro 3aAAHiia CBoa, bo BpeMa o6pa6oTKH aae- 
mchtob He Tpe6yeTca ch i rxponw.3anHa noTOKOB, KOTopaa OTpraiaTejibHO CKa3biBaeTca Ha 
npoii3BOHHTejibHOCTii. Ohii B03HiiKai0T TOJibKO Ha nocaeAHCM aTane npii Bbi30Be MeTona 
Interlocked .Add. To ecTb CHiiaceHiie npoii3BO/LHTejibHOCTii npoiicxo/LHT eniiHOBpeMeHHO 
Ana 3aAaHiia, a He /via pa6oaero saeMeHTa. 

BepoaTHO, bh o6paTiijin BHiiMaHiie, hto AeaeraTy body nepenaeTca o6beKT 
ParallelLoopState: 

public class ParallelLoopState) 
public void StopQ; 
public BooleanlsStopped { get; } 

public void Break(); 

public Int64? LowestBreaklteration) get; } 

public BooleanlsExceptional { get; } 

public BooleanShouldExitCurrentlteration { get; } 

} 

KaacAoe iipmm.Yiaiomee yaacTHe b pa6oTe 3»a;i,aiiiie nonyaaeT co6cTBeHHbiii o6beKT 
ParallelLoopState h ncnojib3yeT ero Alia B3aHMOAeftcTBi-ia c ApymMH pa6oTaiOHLHMH 
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3a7iaiiH>TMH. iVl ctoa Stop ocTaHaBjiiiBaeT hhkjt, h Bee oy/tymnc 3anpocbi k cbohctby 
IsStopped B03Bpamai0T .iiia'ienue true. Mctoa Break 3acTaBjiaeT r litk.i oTicaaaTbCH ot 
o6pa6oTKiiBcex oacmciitoh, pacnoAoaceHHbix nocjic libi/yvieimoro. I Ipc/pio. iO/icuM, 'no 
Uhkji ForEach aoaacch o6pa6oTaTb 100 ajieMeHTOB, ho nocjie o6pa6oTKH miToro ajie- 
MeHTa 6bui Bbi3BaH mctoa Break. B HTore mi k.i rapaHTiipoBaHHO o6pa6aTbiBaeT nepBbie 
nHTb ojic.vieinob h B03BpamaeT ynpaBjieHiie. Bnpo'ie.vi, sto He ucK. no'iacT o6pa6oTKH 
AonojiHiiTejibHbixsjieMeHTOB. Cbohctbo LowestBreaklteration B03BpamaeT Hii3myio 
HTepau,mo iiumia, Ha KOTopofi 6bui Bbi3BaH mcto;i Break. Ecah stot mcto;i Boodme He 
Bbi3BajiCH, cbohctbo B03BpamaeT aiia'ieime null. 

Cbohctbo IsException B03Bpain,aeT true, ecAti npn o6pa6oTKe xoth 6bi oahoto 
ajiCMcma 6buio nopomeiio Heo6pa6oTaHHoe hckjiiohciihc. Ecjih o6pa6oTKa 3aHHMaeT 
mhoto BpeMCHii, Bam koa moacct odpaTHTbCH k cbohctby ShouldExitCurrentlteration, 
hto6m y3HaTb, He HyacHO ah npepBaTb TeKymyio HTepau,nio aiikaa. Cbohctbo bo 3- 
BpamaeT 3HaueHHe true, ecAH 6biA Bbi3BaH mctoa Stop hah Break, otmchch o6beKT 
CancellationTokenSource (ccbunca Ha Hero AaeTca nepe3 cbohctbo CancellationToken 
KAacca ParallelOption) hah ace o6pa6oTKa SAeMCHTa npHBeAa k Heo6pa6oTamioMy 
HCKAHDHeHHIO. 

MeTOAbi For h ForEach KAacca Parallel B03Bpamai0T 3K3eMnAHp ParallelLoop- 

Result, KOTOpblfi BbirAHAHT TAK! 

public struct ParallelLoopResult{ 

// BoBBpamaeT false b c/iyaae npewaeBpeMeHHoro 3aBepiueHus onepapuu 
public Boolean IsCompleted { get; } 
public Int64? LowestBreakIteration{ get; } 

} 

Pe3yAbTaT padoTbi miKVia moacho onpeACAHTb npn noMomu cbohctb. Ecah cbohctbo 
IsCompleted B03BpamaeT aiia'iemic true, aiia'iirr, h,iika npoiiACH noAHOCTbio, h Bee 
SAeMeHTbi o6pa6oTaHbi. Ecah cbohctbo IsCompleted B03Bpam,aeT aiia'icmH' false, 
a cbohctbo LowestBreaklteration — 3HaneHiie null, 3HanHT, kakhm-to H3 noTOKOB 6ha 
Bbi3BaH MeTOA Stop. Ecah ace b nocACAHeM cjiyiae aiia'temie, B03BpamaeMoe cbohctbom 
LowestBreaklteration, otahhho ot null, ana'tuT, kakhm-to 113 noTOKOB 6biA Bbi3BaH 
MeTOA Break. I Ipu stom B03BpameHHoe cbohctbom LowestBreaklteration .uiauemic 
Tima Int64 yKa3biBaeT hhackc nocACAHero rapaHTiipoBaHHO o6pa6oTaHHoro ajiCMCina. 
/lym KoppeKTHoroBOCCTaHOBAeHHH b cjiyiae isbya'iii iickaiomciiiih caeAyeT nepexBaTHTb 
AggregateException. 


BcTpoeHHbiM q3biK napa/iJie/ibHbix 3anpocoe 

Pa3pa6oTaHHbiii Microsoft BCTpoeHHbiii H3biK 3anpocoB (Language Integrated Query, 
LINQ) npeAAaraeT yAOOiibi ii chhtakchc 3anpocoB k aahhbim. C ero noMoiiibio aae- 
MeHTbi AerKO (jiu.ibTpoiia'i b h copTHpoBATb, B03BpamaTb cnpoen,iipoBaHHbie Hadopbi 
SAeMeHTOB ii AeAaTb MHoroe Apyroe. I Ipn padoTe c odneKTaMH Bee OACMCinbi b Ha- 
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6ope /piimbix nocjie/iOBaTejibHO o6pa6aTi>maiOTOi o/i11 hm noTOKOM — sto naaPimacTOi 
nocjiedoeameJibHbiM 3anpocoM (sequential query). IIoBbiCHTb iipoHaiio/ui'iejibiioc/n, 
MOJKHO npu noMom.ii 5 - 13 in k;i napajuiejibHbix 3anpocoB (Parallel LINQ), iioaiiouaioiuero 
iioc.ie/ioisare.iPiiUiiii 3anpoc npeBpaniTb b napcuiJiejibHUU (parallel query). I Ioc.ie/piuiit 
bo BHyTpeHHeii pcaxpiaaippipp :3a/ 1 ciic/inyC'i 3a/paima (iioci'aii.iciiiiPiie b O'lepe/Ui n.ia- 
HiipoBmriKOM, nciio.iPj.aye.Miii.M no yMOjruaHHio), pacupe/pe.'iaa 3AeMeHTbi koaackhwh 
cpc/iH HecKOJibKnx iipoueccopon /up>i o6pa6oTKii. KaK h b cjiynae c m eio/pa mh KJiacca 
Parallel, .via kch xiaaip> 11 i»iii Bbmrpbim aocthi acioi npu Hajiunnu mhokcctbo.OA e.vieii- 
tob /uim o6pa6oTKn ha n i«)i/pa o6pa6oTKa KascAoro pjieivie i rin i ipe/ic i’anai j-pc' p' co6oii 
/uiH'i’e.'iPiiiyio BbimicjiHTejibHyio oiiepaun 10 . 

Ben (})yiiKi[iioi[a. ; ii>iiocTi> Parallel LINQpeajni30BaHa b CTaranecKOM KJiacce System. 
Linq.ParallelEnumerable (oh onpeAeneH b 6n6jmoTeKeSystem.Core.dll),noaTOMy 
b koa cacavct HMnopTupoBaTb npocTpaHCTBO HMeH System. Linq. B 'laciiiociit, stot 
KJ iacc co/i,epKHT iiapa. : i. : ic. ; ii ) iii>ie Bepcini Bcex CTan/i,apTiii>ix LINQ-onepaTopoB, TaKiix 
KaK Where, Select, SelectMany, GroupBy, loin, OrderBy, Skip, Take n t. n. Bee 3th 
M eTOAbi hbahiotch MeTOAaMH pacmupeHiiH mna System. Linq. Pa rallelQuery<T>. 
Bbi30Ba hx iiapa. : i. : ic. : ii)ipi,px Bepcuri cacavct npeo6pa30BaTb iioc./iCAOiia'ic./ii)iii)iii 3anpoc 
(ocHOBaHHbiii Ha HHTepcjieHce IEnumerable hah IEnumerable<T>) b napaAAeAbHbiii 
(ocHOBaHHbiii Ha Knacce ParallelQuery iiah ParallelQuery<T>), B0cn0Ab30BaBiHHCb 
MeTOAOM paciirupciiiiM AsParallel KAacca ParallelEnumerable, KOTopbiir BbirAHAHT 
CAeAyiomriM o6pa30M‘: 

public static ParallelQuery<TSource> AsParallel<TSource>( 
this IEnumerable<TSource> source) 
public static ParallelQuery AsParallel(this IEnumerablesource) 

Bot npHMep npeo6pa30BaHim nocAeAOBaTeAbHoro 3anpoca b napaAAeAbHbiH. Oh 
B 03BpamaeT Bee ycTapeBmue MeTOAbi, onpeAeAeHHbie b c6opKe: 

private static void ObsoleteMethods(Assembly assembly) { 
var query = 

from type in assembly.GetExportedTypesQ .AsParallelQ 

from method in type.GetMethods(BindingFlags.Public | 

BindingFlags.Instance | BindingFlags.Static) 

let obsoleteAttrType = typeof(ObsoleteAttribute) 

where Attribute.IsDefined(method, obsoleteAttrType) 

orderbytype.FullName 

let obsoleteAttrObj = (ObsoleteAttribute) 

Attribute.GetCustomAttribute(method, obsoleteAttrType) 

select String.Format("Type={0}\nMethod={l}\nMessage={2}\n". 


i 


ICnacc ParallelQuery<T> hbahctch npoii3BOAHHM ot ParallelQuery. 
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type.FullName, method.ToStringQ, obsoleteAttrObj .Message); 

// BbIBOfl pe3y^bTaTOB 

foreach (var result in query) Console.WriteLine(result); 

} 

Xoth nono6Hbie pcinciiHM hc THrarmu, TaKace cymecTByeT B03M0acH0CTb b xoae one- 
pamiii nepeKJiiOHHTbCHc napaaaeabHoro peacimaHa nocaenoBaTeabHbra. 3 to neaaeTca 
npn noMOuiii MeTOna AsSequential Kjiacca ParallelEnumerable: 

public static IEnumerable<TSource> AsSequential<TSource>( 
this ParallelQuery<TSource> source) 

3tot MeTOA npeo6pa3yeT ParallelQuery<T> b nHTep^eiic IEnumerable<T>, h bcc 
onepau,HH iianHiiaiOT BbinojiHHTbCH Bcero o/uih.m noTOKOM. 

06biHHO pe3yjibTaT LINQ-3anpoca b i>r'iucais-icioi noTOKOM, 11 ci io. i 11 mioiiuim iih- 
CTpyKLi,iiio foreach (KaK 6buio noKa3aHO paHee). 3to oana/iacr, hto Bee pe3yabraTbi 
3anpoca npocMaTpHBaiOTCH Bcero 0 / 1,1 him noTOKOM. I IapaaaeabHbift peacHM oopaooTKii 
o6ecneHHBaeT MeToa ForAll Kaacca ParallelEnumerable: 

static void ForAll<TSource>( 

this ParallelQuery<TSource> source, Action<TSource> action) 

3tot mcto/i, iio3i;o./imct HecKOJibKHM noTOKaM o/uioispe.Memio o6pa6aTbiBaTb pe- 
3yjibTaTbi 3anpocoB. Mofi npniic/temibiii paHee ko/l c iiomoiiiI)Io stoto MeToaa MoacHO 
neperaicaTb caeayiomHM o6pa30M: 

// BblBOfl pe3ynbTaT0B 

query.ForAll(Console.WriteLine); 

OflHaKO onHOBpeMeHHbiii bh30b MeToaa Console. WriteLine HecKoabKiiMii noTOKaMii 
OTpiipaTe/ibHO CKa3biBaeTca Ha npoii3BO,a,HTeabHOCTH, Tax KaK K/iacc Console BHyTpeHHe 
ciiHxpoHH3iipyeT noTOKH, rapaHTiipya, hto k kohcojih b KaacflbiH momcht BpeMemi iiMeeT 
HOCTyn TO/ibKO 0/1,1111 noTOK. 14 Mem 10 sto iipcao'mpamacT CMememie BbiBoaa noTOKOB, 
H3-3aKOToporo MoaceT iioamrrbca HenoHHTHbifi pe3yjibTaT. Hcnojib3yHTe mcto/i, ForAll 
b c/iyia/ix, Kor/pi Tpc6ycTca bb['[iic,/iemie Kaacaoro 113 pe3yjibTaTOB. 

TaK KaK npn napaaaeabHOM LINQ-3anpoce o/ieMCinbi oopaoaTbiisaiOTCH HecKO/ib- 
KI-IMIi nOTOKaMH OHHOBpeMeHHO, pe3y/IbTaTbI B03Bpamai0TCfl B npOII3BOJIbHOM nopanKe. 
JXjir cox|)aiieima O'lcpe/uiocTH o6pa6oTKii 3/iCMeiiTOb iipii.McmiCTCM mcto/i AsOrdered 
K/iacca ParallelEnumerable. C ero noMombio noTOKH pa36nBaiOT a/ieMCHTbi no rpyn- 
naM, KOTopbie mioc, : ie/i,CTiuiii cjiiibaiOTCM apyrcnpyroM. O/piaKO Bee sto OTpiiipne/ibiio 
aca.ibiisacTCM Ha iipoiiaiiO/u-iTC/ibiiocTH. Bot onepaTopbi, iipe/uiaaiia/iemibie nan bm- 
no/memra HeynopHfloneHHbix onepaiinii: Distinct, Except, Intersect, Union, loin, 
GroupESy, Grouploin h ToLookup. I loc/ie jno6oro H3 sthx onepaTopoB MoacHO Bbi3BaTb 
mcto/i AsOrdered, HTo6bi ynopHflOHHTb 3/ieMeHTbi. 

CaeayiOHiiie onepaTopbi BbinoaHHiOT ynopa/iOHeHHbie onepaiiHH: OrderBy, 
OrderByDescending, ThenBy h ThenByDescending. Ecan bm xothtc BepHyTbca k He- 
yiiopHAO'teimbiM onepapiuiM, 'no6bi noBbiCHTb iii/ciiiaiso/urie/ibiiocTb, nocae /11060m H3 
sthx onepaTopoB TaKace MoacHO Bbi3BaTb mcto/i AsUnordered. 
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Parallel LINO raioice npenocTaBjraeT /toiio./miiTe. ii>m>ie mcto/iii KJiacca Parallel- 
Enumerable, no3BOJiaiomiie ynpaBJiHTb o6pa6oTKori 3anpocoB: 

public static ParallelQuery<TSource> WithCancellation<TSource>( 

this ParallelQuery<TSource> source, CancellationToken cancellationToken) 

public static ParallelQuery<TSource> WithDegreeOfParallelism<TSource>( 
this ParallelQuery<TSource> source, Int32 degreeOfParallelism) 

public static ParallelQuery<TSource> WithExecutionMode<TSource>( 

this ParallelQuery<TSource> source, ParallelExecutionMode executionMode) 

public static ParallelQuery<TSource> WithMergeOptions<TSource>( 

this ParallelQuery<TSource> source, ParallelMergeOptions mergeOptions) 

Ohcbii/iho, hto MeToay WithCancellation MoacHO nepenaTb o6beKT Cancellation- 
Token, HTO flaeT B 03 M 05 KH 0 CTb B JII060H MOMCHT OCTaHOBIITb o6pa6oTKy 3 anpOCa. MeTOH 
WithDegreeOfParallelism 3 anaeT MaKciiMajibHoe kojiiihcctbo noTOKOB, KOTopbie mo- 
ryT o6pa6aTbiBaTb 3 anpoc; npn stom, ecu 11 KOJirraecTBO peaubHO neo6xo/ui.\ibix noTOKOB 
mci 1 bine yKa 3 aHHoro, HOBbie noTOKii He coa/iaiorcH. 06 11 mi 10 3 tot mcto/i i ie ncnojib 3 yeTca, 
h no yMO.i'iami 10 3anpoc hciio. iimcrca o/um.vi noTOKOM Ha o/uio a/ipo. O/uiaiai 3 tot 

MCTO/I MO/K11() BbI 3 BaTb, yKa 3 aB HHCJIO M/LC]), MeHbHiee peaubHO UMCIOinerOCM, OCTaBIIB 

nacTb H^ep /yui pemeHira npyoix 3anaH. Ecjih 3anpoc BbinojiHaeT ciiHxpoHHyio onepa- 
uiiio BBOna-BbiBOAa, MoacHO yKa3aTb hhcjio a/pep, npeBbimaiomee peaubHO iimcmoiiiccch, 
TaK KaK bo ispe.vui TaKHx onepau,HH noTOKii o./ioiaipyiorcH. IIpii TaKOM 1 1 o/pxo/pe noTOKii 
HCiio. ibayiOTCM iic.9())<))cic[ iimm, 3aTO bbi 6biCTpee iiojiyiacrc pe3yjibTaT. 3 to MoacHO 
AejiaTb b KjmeHTCKHX iipib/ioacemiax, ho h 6bi Kpannc He peiai.Meii.toiia./i npn6eraTb 
k ciiHxpoHHbiM oiiepaiui mm imoya- 11 i>i iioya b cepBepHbix ii|)ii. : ioaceimax. 

Parallel LINQ aHajni3iipyeT 3anpoc h Bbi6npaeT om iiMa./ibiibiii cnoco6 ero 06- 
pa6oTKii. HHor/ia npoii 3 BO/uiTejibHOCTb MoaceT 0 Ka 3 aTbCH Bbirue npn nocjienoBa- 
TeabHbix 3 anpocax. 06 mhho sto 6biBaeT npn Hcnojib 30 BaHini cjie/iyioiunx onepan,HH: 
Concat, ElementAt(OrDefault), First(OrDefault),Last(OrDefault),Skip(While), 
Take(While) mi Zip. KpoMe Toro, 3 to BepHO /|./ia cjiyiaeis iiciio.ibooiiamiM neperpy- 
aceHHbix BepcHfi MCTO/ion Select (Many) hjih Where, b kotopmx ce/ieKTopy 1 icpc/iac'ica 
no3Hn,HOHHbiH hh/ickc hjih /ic/ierai, B 03 BpamaiomHH .toitimcckoc siia'icmie. Ilpn stom 
3 anpoc MoacHO npiiHy/i,HTejibHO o6pa6oTaTb b napajuiejibHOM peacHMe, nepenaB MeTOny 
WithExecutionMode oahh h 3 cjiaaroB ParallelExecutionMode: 

public enum ParallelExecutionMode { 

Default = 0, // Cnoco6 o6pa6oTKi 3anpoca Bbi6npaeTca aBTOMaTinnecKi 

ForceParallelism = 1 // 3anpoc o6pa6aTbiBaeTca b napa/i/ienbHOM pexnMe 

} 

KaK yace ynoMiiiia. iocb, b Parallel LINQ, o6pa6oTKofi 3anpocoB aami.MacTca u,e- 
jiaa rpynna noTOKOB, a 3 HanHT, B 03 HiiKaeT Heo6xo/i,nMOCTb coenHHeHHH nojiyneH- 
Hbix pe. 3 y/ibTaTois b oyiiu. /[pm ynpaB/ieHHH fiv<))epii 3 anncii h cjihhhhcm ajie.viem 01s 
Hcnoab 3 yeTCH MeToa WithMergeOptlons, KorapoMy nepenaeTcn oahh H 3 cjwiaroB 

ParallelMergeOptions: 
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public enum ParallelMergeOptions { 

Default = 0, // AHa/iorHHHo AutoBuffered (b 6yAymeM MOxeT u3MeHHTt,ca) 

NotBuffered = 1, // Pe3y/ibTaTbi obpabaTNBaiOTCfl no Mepe totobhoctm 

AutoBuffered = 2, // IIotok 6y4>epu3yeT HeKOTopbie pe3y/ibTaTbi 
// nepefl 06 pa 60 TK 0 ii 

FullyBuffered = 3 // IIotok 6y4>epu3yeT Bee pe3ynbTaTbi nepefl o6pa6oTKoFi 

} 

no CyTH, 3TH napaMeTpbl 110.iHO. I FI lO'l Bbl6paTb >KC.TaCMOC COOTHOUieHIie CKOpOCTH 
pa6oTbi h noTpe6jieHHH naMHTii. Onar NotBuffered skohomht naMHTb, ho o6pa6oTKa 
ajieMeHTOB npoHCxonHT mc/utciiiicc. A bot ()). : iai FullyBuffered yncaii'iuiiacT noTpe- 
6jiemie na.viHTH, ho pe3yjibraT bbi i ioji v'H ire 6biCTpee. KoMnpoMHCCOM mokav sthmii 
B apiiaHTaMH HBJiaeTCH cjuiar AutoBuffered. OnpenejuiTb, KaKoii iimchho BapnaHT Jiynrne 
Bcero noAxonHT u.viemio BaM, npome Bcero aKcnepiiMemaTbiibiM nyTeM. Moscho 'raioice 
npiiHHTb napaMeTpbl, npe/yiaraeMbie no yMOJinaHino, hto onTHMaubHO /ura 6ojibuiHH- 
CTBa CHTyanHH. /loiio.Tiiin'C.Tbii\TO iiii())o|)Maii,ino o Parallel LINQ moscho iiairm no 
cneAyiomHM AApecaM: 

□ http://blogs.msdn.com/pfxteam/archive/2009/05/28/9648672.aspx; 

□ http://blogs.msdn.com/pfxteam/archive/2009/06/13/9741072.aspx. 


nepuoAMHecKiie BbiHuc/iMTe/ibHbie onepaunn 

B npocTpaHCTBeHMeH System .Threading onpeAeneH KJiacc Timer, KOTopbiii no3BOJiaeT 
nepiiOAnnecKii Bbi3biBaTb MeTOAbi H3 ny./ia noTOKOB. Coa/iacaM 3K3Cmii.tm|:) axorn KJiacca, 
Bbi cooo 11 lac'ie nyjiy, tio BaM iiv>kcii mctoa, o6paTHbin bm30b KOToporo ao.t>kcii 6biTb 
BbinojiHeH b 3aAaHHoe BpeMH. Y ic.iacca Timer ecTb HecKOJibKO oaeiib noxoacnx Apyr Ha 
Apyra KOHCTpyKTopoB: 

public sealed class Timer : MarshalByRefObject, IDisposable { 
public Timer(TimerCallback callback. Object state, 

Int32 dueTime, Int32 period); 
public Timer(TimerCallback callback. Object state, 

UInt32 dueTime, UInt32 period); 
public Timer(TimerCallback callback. Object state, 

Int64 dueTime, Int64 period); 
public Timer(TimerCallback callback. Object state, 

Timespan dueTime, TimeSpan period); 

} 

Bee 3 th KOHCTpyKTopbi co3AaiOT ofi'iiCKT Timer. napaMeTp callback yica3biBaeT iimh 
M eTOAa, o6paTHbIH BbI30B KOToporo AOJIACCH BbinOJIHHTbCH nOTOKOM H3 I [V./IH. K() IK" 1 110, 
C03AaHHbin MeTOA o6paTHoro Bbi30Ba AOJiaceH cooTBeTCTBOBaTb Tnny ACJieraxa System. 
Threading.TimerCallback, KOTopbiir onpeAejiaeTcn ciieAyiomiiMo6pa30M: 

delegate void TimerCallback(Object state); 
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IlapaMeTp state KOHCTpyKTopa c/iyaciiT /yin uepe/ia'in Mera/iy o 6 paTHoro Bbi30Ba 
aaHHbix coctohhiih; ccjiii sth aaHHbie OTcyTCTByiOT, nepe^aeTCH null. IlapaMeTp dueTime 
iio.'iHO.iHCT aa/urrb /yi a CLR ape mm o/Kii,tamiM (b MHjumceKyH/iax) iiepe/i nepBbiM Bbi30- 
bom MeTO/i,a o 6 paTHoro Bbi30Ba. 3to ape;. mm npe/iCTaiuiMCTCM 32-pa.3pM/i,iii,iM .ina'iemie.M 
co 3HaKOM hjih 6e3, G-l-paapM/uiaiM .'sna'iemiCM co 3HaKOM hjih :sna/iciiHe.M TimeSpan. 
x lTo 6 bi mcto/i o 6 paTHoro Bbi30Ba aia iiaii.3ii|)oaa./iCM ne.vtc/iJiemio, iiepc/iarnc b napa- 
MeTpe dueTime .sna'iemie 0. JI ocjtc/utitm napaMeTp period yKa3biBaeT nepno/i.HHHOCTb 
(b Mii.;i.;mccK'yii/i,ax) noc;ic;i,yionuix o 6 pameHHH k mcto/iv o 6 paTHoro Bbi30Ba. Ecjih eMy 
iicpe/iai io .iiiaaeiiue Timeout.Infinite(-l), noTOK H3 nyjia orpami'iincM o/uium 06 - 
pameHiieM k mcto/iv o 6 paTHoro Bbi30Ba. 

B nyjie hmcctom Bceroo/mn noTOK /pin Bcexo6beKTOB Timer. Mm a mo oh .3 1 laer a.pe,M m 
aKTHBH3au,HiT c/ic/iy lomcro TaHMepa. B stot momciit noTOK iipooy>K/iacTCM h Bbi3biBaeT 
mcto/i, QueueUserWorkltem o6beKTa ThreadPool, hto6h /i,o6aBHTb b onepe/i,b nyjia no- 
tokob ajieMeHT, aicrinmaiipy lomiiii mcto/i, o6paTHoro Bbi30Ba. Ecjih BbinojmeHiie Mcro/ia 
3aHHMaeT mhoto BpeMeHii, bo3mo>kho noBTopHoe cpa6aTbiBaHHe TaiiMepa. B pe3y/ibTaTe 
0/1,1111 MCTO/1 6y/1C'[- BbinOJIHHTbCH HeCKOJIbKHMH nOTOKaMH nyjia. PeiHIITb 3Ty npo6/ie- 
My mo/ktio npn noMomii TaiiMepa, napaMeTpy period KOToporo npiiCBoeHO :sna i ieniie 
Timeout. Infinite. TaKoii TaiiMep cpa6aTbiBaeT TO/ibKo o/pui pa3. 3aTeM b paMKax 
MCio/ia o6paTHoro Bbi30Ba naiaaiaaeTCM mcto/i, Change h yKaabiaaeiCM HOBoe BpeMH 3a- 
flepacKii, a napaMeTpy period cuoaa iipiicaauaaciCM .sna'iemie Timeout. Infinite. Bot 
K aK ai.ir/iM/iM i neperpyaceHHbie Bcpcnii MeTO/i,a Change: 


public sealed class Timer : MarshalByRefObject, IDisposable { 
public Boolean Change(Int32 dueTime, Int32 period); 
public Boolean Change(UInt32 dueTime, UInt32 period); 
public Boolean Change(Int64 dueTime, Int64 period); 
public Boolean Change(TimeSpan dueTime, TimeSpan period); 


K/iacc Timer co/tepaciiT TaioKC mcto/i, Dispose, iioisao. iMioiuuii BOo6me OTK/nonaTb 
TaiiMep h npn ace/iamin npn noMomH napaMeTpa notifyObject coo6maTb a/ipy o 3a- 
BepuieHHH Bcex o/Kii/iaiomux o6paTHbix bmbobob. Bot KaK iich/tm/imt neperpyaceHHbie 
Bepciiii MeTO/i,a Dispose: 


public sealed class Timer : MarshalByRefObject, IDisposable { 
public Boolean DisposeQ; 

public Boolean Dispose(WaitHandle notifyObject); 

} 


BHMMAHME 

llpn yTHJiM3au,MM obbeicra Timer ybopmnKOM Mycopa noTOK nyjia ocTaHaBJinBaeTTaiaMep, 
HTobbi oh bojibLue He cpabaTbiBan. noaTOMy npn paboTe c TafiMepoM cneAyeT npoBe- 
prub Ha/innne nepeMeHHOM, noAAsp/KMBaioiAeM ero cyLuecTBOBaHne, i/iHaie obpaiACHnn 
k MeTOAy obpaTHoro Bbi30Ba npeKpaTmcn. 3Ta cnTyaiiun noAPobHO obcyxAanacb 
b maBe 21. 
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B cjie,a,yiomeM KO,a,e noTOK m nyjia Bbi3biBaeT mctoa, KOTopbift CHanajia BbinojiHaeTca 
HeMe/yieHHO, a 3aTeM acpcs Kaac^bie /pse ceKyn, : p>i. 

internal static class TimerDemo { 
private static Timer s_timer; 

public static void Main() { 

Console.WriteLine("Checking status every 2 seconds"); 

// Co3flaHne TaiiMepa, KOTOpbin HMKOTAa He cpa6aTbiBaeT. 3 to rapaHTnpyeT, 

// hto ccbmica Ha Hero 6yfleT xpaHMTbcn b s_timer, 

// flo aKTHBH3apnn Status nOTOKOM m 3 nyna 

s_timer = new Timer(Status, null. Timeout.Infinite, Timeout.Infinite); 

// Tenepb, Koraa s_timer npMCBoeHO 3HaneHMe, mo>kho pa3peuiMTb Taimepy 
// cpa6aTbiBaTb; mn 3HaeM, hto Bbi30B Change b Status He BbiflacT 
// MCK/iK)neHMe NullReferenceException 
s_timer.Change(0, Timeout.Infinite); 

Console.ReadLine(); // npeAOTBpameHne 3aBepweHMA npopecca 

} 

// CnrHaTypa stoto MeTOfla AonwHa cooTBeTCTBOBaTb 
// CMrHaType AeneraTa TimerCallback 
private static void Status(Object state) { 

// 3tot MeTOA BbinOAHHeTCH nOTOKOM M3 nyna 
Console.WriteLine("In Status at {0}", DateTime.Now); 

Thread.Sleep(1000); // HMMTaunn Apyrofi pa6oTbi (1 ceKyHAa) 

// 3acTaBA«eM TatiMep CHOBa Bbi3BaTb MeTOA nepe3 2 ceicyHAbi 
s_timer.Change(2000, Timeout.Infinite); 

// KorAa MeTOA B03BpamaeT ynpaBneHMe, noTOK 
// B03BpamaeTcn b nyn m oxMAaeT cneAymmero 3aAaHnn 

} 


ncpno/pi'iccKom buhio. mem-w onepapHH TaiOKC bo3mo>i((ti npyroft BapiiaHT 
opraHH3aiiHii Kona — c Hcnojib30BaraieM CTaTiraecKoro mcto/pi Delay Kiiacca Task b co- 
HCTainiiT c K.Tio'idsbiMH cjiOBaMH C# async h await (cm. ruaBy 28). Huace npiiBencHa 
nepepa6oTaHHaa Bepcim npeubmymero Kona: 

internal static class DelayDemo { 
public static void Main() { 

Console.WriteLine("Checking status every 2 seconds"); 

StatusQ; 

Console.ReadLine(); // npeAOTBpameHne 3aBepweHMH npoqecca 

} 

// MeTOAy mo>kho nepeAaBaTb nio6bie napaMeTpbi Ha Bauie ycMOTpeHMe 
private static async void Status() { 
while (true) { 


npodojiwemie & 
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Console.Writel_ine("Checking status at {0 }", DateTime.Now); 

// 3flecb pa3MemaeTca koa npoBepKM coctohhhb... 

// B KOHpe uinK/ia co3flaeTca 2-ceKyHflHaa 3aaep>KKa 6e3 6 /iokhpobkm noTOKa 
await Task.Delay(20@0); // await o>KHflaeT B03BpaineHn« ynpaB/ieHna noTOKOM 

} 

} 

} 

Pa3HOBHflHOCTH TaftMepoB 

Bii 6 ./uiOTCK'a FCL co/iepacHT pa3jmuHbie TaHMepbi, ho do/ibmiiHCTBO nporpaMMHCTOB 
naace He 3HaioT, ueM ohii OT/mnaiOTCH npyr ot apyra. 

□ Kjiacc Timer H3 npocTpaHCTBa hmch System.Threading. 3tot KJiacc paccMaTpu- 
Bajica b npeubmymeM pa3nejie. Oh Jiynrne npyrux nouxoAHT /yin Bbino/meHiin no- 
BTOpHIOHIHXCH (jlOHOBbIX 33/1,3111111 C nOTOKaMII i iyjia. 

□ Kjiacc Timer H3 npocTpaHCTBa hmch System.Windows.Forms. Co3naHiie 3K- 
3eMnjuipa 3Toro KJiacca yKa3biBaeT Windows Ha Heodxo/iHMOCTb (Tsaaa'ib Taft.viep 
c Bbi 3 biBaK>miiM noTOKOM (cm. Wiii32-<))y 11 k'i in io SetTimer). IIpH cpaoaTbiisami n 
TaiiMepa Windows nodaB/iaeT b ouepenb coodmeHiiii noTOKa coodmeHiie TaftMepa 
(WM_TIMER). IIOTOK AOJiaCCH II3BJieHb 3TII COodmCHIIH H nepC/iaTb IIX HyaCHOMy MCTOfly 
odpanioi o Bbi30Ba. Oopa'imc BHiiMamie, hto bch paooxa ocyiucc'm./iMcrca o/i,iiiim 
noTOKOM — ycTaHaB/iiiBaeT Taii .viep tot ace noTOK, KOTopbiii iiciio.iiihct mcto/i, 06 - 
paTHoro Bbi30Ba. 3 to iipe/ijrnspaiaacT napajinejibHoe ismio/menne mcto/pi TaftMepa 
B HeCKOJIbKHX noTOKax. 

□ Kjiacc DispatcherTimer H3 npocTpaHCTBa hmch System.Windows.Threading. 

3tot K/iacc mistmctcm 3KBiiBajieHT0M KJiacca Timer H3 npocTpaHCTBa hmch System. 
Windows. Forms jjjw npnjioaceHHft Silverlight h WPF. 

□ Kjiacc DispatcherTimer H3 npocTpaHCTBa hmch Windows. UI.XAML. 3tot Kjiacc 
HB/ineTCH 3KTsiiisa.ieino.vi KJiacca Timer H3 npocTpaHCTBa hmch System.Windows. 
Forms /yia npiuioaceHiift Windows Store. 

□ Kjiacc Timer H3 npocTpaHCTBa hmch System.Timers. 3tot K/iacc HB/ineTcn, no 
cyTH, odojionKoii /yia KJiacca Timer H3 npocTpaHCTBa hmch System. Threading. Oh 
. 3 acTais.TacT CLR no cpaoaTbiisamiio TaftMepa CTaBHTb co 6 mthh b onepenb nyjia no- 
tokob. FiocKOJibKy K/iacc System. Timers. Timer mis.thctcm ii pio it 3 iso,i,iii>ivt ot KJiacca 
Component H3 npocTpaHCTBa hmch System. ComponentModel, TaftMepbi moxho pa3- 
MemaTb b padoneft od/iacTii KOHCTpyKTopa (JiopM npii/ioacemiH Visual Studio. KpoMe 
Toro, oh iipeAOCTais.THCT CBOiicTBa h codbiTHH, ynpomaiomiie ero ncnojib30BaHiie 
b KOHCTpyKTopax Visual Studio. 3 tot K/iacc iiohisii.tch b FCL b Te u])C.mci m, icor/pi 
y Microsoft eme OTcyTCTBOBa/ia 'iCTKaa KOHu,enu,iiH noTOKOB h Taii.vicpois. Bond me 
roBopn, ero ctoh/io 6 bi yaa.;urn,, ocTaBHB ero cfiviiKUHw KJiaccy System. Threading. 
T imer. H HiiKoraa He padoTaio c K/iaccoM System. T imers. T imer 11 He coBCTyio stoto 
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BaM (pa3Be hto BaM coBepmeHHO hcoOxo/pumo pa3MecTHTb TafiMep b pa6oneii o6jiacTH 
KOHCTpyKTOpa (J)OpM). 


KaK ny/i ynpae/iqeT noTOKaivm 

B 3TOM pa3/l,CjlC A XOTC.T 6bl OCTaHOBIITbCH Ha TOM, KaKHM o6pa30M nyji ynpaii. lHC'l' pa- 
oo'ihmii noTOKaMi-i h noTOKaMii BBO/i,a-BbiBO/i,a. Diy6oKO norpyacaTbca b /pcTaji h mbi He 
6y;tc.vi, TaK KaK miy'ipcmiMM peajiii3aipiiH stoto npoipecca .yi(tim.t;ici> npn nepexo/pe ot 
ojphoh BepcHii CLR k ApyroH h iiaiiepimKa ii3.yiciiiitcm b 6y/pyine.vi. I lo.3TO.vty nyji no- 
TOKOB M05KH0 npe/PCTaBHTb B FSIT/PC HepHOTO M11 111 Ka. Bpa/P JIH OH 0 KajKCTCH H/peajIbHbIM 
pemeHHeM /pjiii KaKoro-TO KOHKpeTHoro npiuioaceHim, TaK KaK 3Ta tcxiio.ioitim njia- 
HiipoBaHiiH noTOKOB o6mero na3iiaHCTnia paccnHTaHa Ha pa6oTy b miipoKOM cneKTpe 
npi-uioaceHHH. /lyia HeKOTopbix npHjioateHHH OHa iio/pxo/piiT jiynme, 'ic.vi /pjiii /ppymx. 
Biipo'ievi, Ha cero.Tiiaiiimiii /pern. OHa npeKpacHO cnpaBjraeTCfl co cbohmh .aa/pa'ia.vi h , 
h a pcKO.YieibTyio OTHecTHCb k Heil c /poisepncM. Bpa/p jih bm c.vtoaccTC caMOCTOHTejibHO 
HanucaTb nyji noTOKOB, KOTopbiii 6y/peT 4)yHKipiiOHiipoBaTb jiynme, neM nocTaBjiaeMbin 
b coc'iaise CLR. TaK KaK c tciciiiicyp Bpe.viemi isiiyipeiinaa CHCTeMa ynpaBjieHira noTO- 
KaMH y nyjia .ypcipmctcm, MHome npiuioaceHira iia'dinaim pa6oTaTb jiyuiie. 

OrpaHnneHne KO/innecTBa noTOKOB b ny/ie 

CLR IP03H0.TMCT yKa3aTb MaKCHMajIbHO B03M05KH0e KOJIHHeCTBO nOTOKOB, coa/panpic- 
Mbix nyjiOM. O/piiaico B03HiiKaeT omymemie, tio aa/paisaTF. BepxHHH npe/peji jpj ih nyjia 
He ctoht, noTOMy tio sto MoaceT npiiBecTii k 3aBiicaHiiio hjih is.'saiiMimii 6jiOKiipoBKe. 
I Ipc/pciaisbic 0'iepe/pP) H3 1000 paoo'iiix sjicmciitoh, aaonoiaipoiiaimyTO cHraajibHbiM 
coObiTHeM ajie.viema no/p HOMepoM 1001. Ecjih isepxmi ii npe/peji /pjiii KOjranecTBa noTO- 
kob paBCH 1000, 3tot HOBbiH noTOK HcnojmeH He 6v;pct, a .jp ni'r pit, bch Tbicana noTOKOB 
HaBcer/pa OKaaceTca 3a6jioKiipoBaHHOH. Koiie'Piio.\ty p i o. p ij.iona px'jp po octpuictcm tojibko 
3aBepmiiTb pa6oTy npiuioaceHim, ipo'rcpnn HecoxpaHeHHbie /paHHbie. PaapaOoT'in kip 
o6hhho He HaKaa/pbiBaiOT ncKyccTBeHHbix orpaHiiHeHiiii Ha /pocTynHbie /pjm npiuioaceHim 
pecypcbi. KoMy 3axoneTCH npii 3anycKe npiuioaceHim orpafflMHBaTb o6beM Hcnojib3yeMoii 
hm naMHTH hjih nponycKHyio cnoco6HOCTb KaHajia chm3.ii? H ipcc ace no khkhm-to npn- 
HIIHaM HCKOTOpbie pa3pa60THHKII CHHTaiOT B03MOaCHbIM Oipai [ IP ‘ I IP lia i b MaKCHMajIbHOe 
KOJiiraecTBO noTOKOB b nyjie. 

H3-3a npoOjieM, CBH3aHHbix c 3aBiicaHHHMH h B3aiiMHbiMii OjiOKupoBKaMii, pa3pa6oT- 
hhkh CLR nocTOHHHO yBejuiHHBaiOT 3a/paHHoe no yMOJinaHiiio MaKcimaabHO B03MoacHoe 
KOJiiraecTBO noTOKOB b nyjie. B iiacmMiipcc lipc.Yi a i ipc/pcji cocTaBjmeT 1000 noTOKOB, tio 
/pjm 32-pa;spM/p,iPom npoipecca, iiypcioiikto He MeHee 2 I oaiiT a/ppeciioro npocTpaHCTBa, 
MoaceT paccMaTpiiBaTbCH KaK OTcyTCTBHe orpaHimeHiiH. Ilocjie .'saipyaicu 6ii6./iiiotcic 
Win32 h 6n6jiiiOTeK CLR, a TaKace Hi.i/pejiemiM coOcmcmioii h yii|)aii./iMC.\ioii kviip 
ocTaeTca npiiMepHO 1,5 r6aiiT a/ppecHoro npocTpaHCTBa. TaK KaK Kaaypbift noTOK Tpe6yeT 
ajih CTeKa b nojib30BaTejibCKOM peacHMe h 6jioKa oicpyacciiiiM (TEB) 6ojiee 1 M 6ain' 
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naMHTii, b 32-pa.3pM;i,i[()M npou,ecce;i,oiiycTit.\io npHMepHO 1360 noTOKOB. IIonbiTKi-i C03- 
r aTb 6ojibmee kojihucctbo iiotokob npiiBeayT k HCKJHoneHHio OutOfMemoryException. 
64-pa3pa/],Hbrii npou,ecc npe/piaraeT 8 T6ai“iT aipecHoro npocTpaHCTBa, TaK hto TeopeTH- 
uecKii Bbi MoaceTe coa/pHsaTb cothh Tbicmi noTOKOB. Ho sto Oy/yr nycTaa TpaTa pecyp- 
cob, oco6eHHO c yiCTO.vi Toro cjiaicra, 'no n;i,ca. ; ibi[OC kojihhcctbo noTOKOB coisna/taci' c 
KOJiiraecTBOM npopeccopoB. no i-mee pa3pa6oTHHKaM CLR cjie/iyeT y6paTb orpaHiineHira, 

HO B HaCTOHHtHH MOMeHT 3TO HeB03M05KH0, TaK KaK B pC3y.TbTaTC lipCK|)aTMT CBOIO pa~ 
6 oTy npiuioacemiH, pa3pa6oTaHHbie b iipe/uio.ao/icemni 06 orpaHiiueHHOM k'o. i n > pccruc 
noTOKOB b nyjie. 

Kjiacc System.Threading.ThreadPool npe/piaraeT HecKOJibKO CTaTHuecKiix mcto- 
AOB rj ih ynpaBJieHira kojihhcctbom noTOKOB b nyjie: GetMaxThreads, SetMaxThreads, 
GetMinThreads, SetMinThreads iiGetAvailableThreads. BnpoueM, hhc peKOMeHpyio 
hmh nojib30BaTbca. nonbiTKH MeHHTb 3a/i,aHHbie no yMO.a i iai[iiio orpanii'iemia oobimio 
yxynmaiOT pa6oTy npnjioaceHHH. Ecjih bm CHHTaeTe, hto BameMy npiuioaceHino Tpe6y- 
lOTCfl COTHH H. l II /[,a>KC TbICflHH nOTOKOB, CKOpee BCeTO, TI O-TO He TaK C apXHTeKTypOH 
npiuioaceHira hjih MexaHH3MOM iiciio.Tb3.onaima noTOKOB. O tom, KaK npaBiuibHO npn- 
MeHHTb noTOKH, mm noroBopHM b 3toh rjiaBe h b iviane 28. 

YnpaB/ieHne pa6oHmvm noTOKaivm 

Ha pnc. 27.1 noKa3aHbi pa.3. : i h 1 111 i,i c CTpyKTypbi .yimibix, /y./iaiomue paoo'ine noTOKii 
aacTbio nyjia. Mctoa ThreadPool .QueueUserWorkltem h Kjiacc Timer Bcer/i,a noMema- 
iot paooanc .ajie.viem bi b r.TOOa.Tiaiyio o'icpe/i,b. Paoo'ine noTOKii 6epyT ajiCMein bi Rjia 
o6pa6oTKH H3 ouepe,a,H no ajiropiiTMy « nepBbiM npumeji — nepBbiM ymeji». A TaK KaK 
npn najTMHMM HecKOJibKiix noTOKOB ajieMeHTbi H3 TJioOajibHoii oaepeAH MoryT ya,ajiHTboi 
op,HOBpeMeHHO, Bee pa6oHHe noTOKii KOHKypupyiOT 3a npaBO Ha 6jioKiipoBKy b paMKax 
ciiHxpoHH3au,Hii noTOKOB, KOTopoe rapaHTHpyeT, tio mi icaicue /psa hjih 6ojiee noTOKa 
He CMoryT o,i,ii()ii|)CMemio o6pa6aTbiBaTb o/pni h tot ace ajie.vtem. B HeKOTopbix npimo- 
aceHiiax 3to npaBO Ha 6jioKiipoBKy ciaiimuriCM y3KHM mcctom, ro ncKOiopoii CTeneHii 
orpaHHHHBaiomHM .viaciiriaonpyc.viocTb h npoiiaiio/pncvibiiocTb. 

PaccMOTpiiM npopecc njiaHiipoBaHiia 3'dRamm c noMombio 3a/i,aHHoro no yMOJiHamno 
naaHiipoBmHKa (ero MoacHO iiojiyimb 'icpe.3 CTa'in'iecicoe cbohctbo Default Kjiacca 
TaskScheduler) 1 . npn njiaHHpoBaHHH a.a/pmmi rrr iicpaoo'icro noTOKa oObckt Task 
/looaii./mcTCM b rjio6ajibHyio 0'iepe/i.b. npn stom Kaaca,bifi paSom-ril noTOK oojia/iaer 
co6cTBeHHofi jiOKajibHoft onepe/i,bio, b KOTopyio h ji,o6aBjiHiOTCJi njiaHiipyeMbie .aa/iamur. 

PaOoHHH noTOK, roTOBbifi k o6pa6oTKe .ajiCMeinoii, ciia'ia.ia npoBepaeT iia.iii'iuc 
o6beKTOB Task b jioKajibHoii O'icpc/1,1']. 06Hapya»iB TaKofi o6beKT, oh H3biMaeT ero H3 
O'icpc/p-i h o6pa6aTbiBaeT. Ma rin no iipoiiano/p-ncii no ajiropiiTMy ^iiocjic/iiium npn- 
rneji — nepBbiM ymeji». TaK KaK /piCTyii k iiaaajiy jioica.Tbiioii O'lepc/pi HMeeT TOJibKO 
pafio'iHH noTOK, OaoKiipoBKa b paMKax CHHxpoHH3an,HH noTOKOB 6ojibme He Tpe6yeTCH, 


1 noBea.eHiie apyrux o6i>eKTOB, npoii3Boa.Hbix ot Kjiacca TaskScheduler, MoaceT oTjniuaTbCH ot 
onucbiBaeMoro b a.aHHOM pa3/iejie. 
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a /tooaii.'iemie 3aj\amm b onepeAb h ii.TbMTiic hx h 3 Hee ii|)Oiicxo;i,mt oaeiib 6biCTpo. IIo- 
ooMiiiii.vi ::)<|)<))eiaoM TaKoro iiohc/iciiiim his.imcto-i to, hto BbinojmeHiie aa/iaiuiii mact 
b nopM/pce, o6paTHOM nopaAKy hx nocTaHOBKii b onepeAb. 



/”^Hepa6oHM^ N \ 

V. noroi<^/ 


Pmc. 27. 1 . fly/i noTOKOB b CLR 


BHMMAHME 

riyji noTOKOB He rapaHTMpyeT onpeAeaeHHoro nopaAKa o6pa6oTKn a/ieMeHTOB M3 
onepeAH, oco6eHHO c yneTOM toto <t>aKTa, hto Hani/ini/ie HecKO/ibKHx noTOKOB Ae/iaeT 
bo3moxhom OAHOBpeMeHHyio o6pa6oTKy HecKO/ibKi/ix aneivieHTOB. npoc/ieAme 3a TeM, 
HTo6bi abs Bainero npn/ioaceHHH nopaAOK o6c/iyxnBaHna aneivieHTOB onepeAH He 6bm 
npMHAHnMaaeH. 


06HapyaciiB nycTyio jioicajibHyio onepeAb, pa6o'iiiii noTOK iibnacTCM B3HTb 3a/i,aiine 
H3 jioKajibHoii onepeAH Apyroro paoo'iem noTOKa. SaAaima, ona ri, ate, 6epyTCH c kohha 
0'iepcAn, a anamn, Tpe6vcTC>i 6aoKHpoBKa b paMKax ciiHxpoHH3aii,HH noTOKOB, tio He- 
CKOJIbKO CHHACaeT npOII3BOAHTeAbHOCTb. OCTaeTCH liaACMl bCM Ha TO, HTO 6AOKHpOBKa 
6yAeT CAynaTbca oTiiocuTCjibiio peAKO. Ecjiii nycTbiMH OKaabibaioica bcc AOKajibHbie 
OMcpc/p-i, pa6oHHH noTOK H3BJieKaeT (npn6eraH k 6jioKnpoBKe) .'MCmciit h3 rjio6ajibHOH 
oaepcypt no aaropHTMy «nepBbiM npiimea — nepBbiM ymcvi». B cjiynae iiycTOii rjio6ajib- 
noii oaepcy i,h pa6oHHH noTOK nepexoAHT b peacHM o>KiiAanna. Ecjih .-hot peacHM aahtch 
AOjito, noTOK npocbinaeTca h ca.vioy i i HHToacaeTca, ocBo6oacAaa aamnbie pecypcbi (aapo, 
CTeKii, TEB). 

Ilya 6biCTpo C03AaeT paoo'ii-ie noTOKii, a hx kojihacctbo onpeAeaaeTca aiia'ieime.vi, 
i icpcAai 111 la m b mctoa SetMinThreads K./iacca ThreadPool. Iicji n bbi He mii.ibiiia./iii .-nor 
MeTOA (a Bbi3biBaTb ero He peKOMeibTyciCM), kojiiihcctbo noTOKOB no y.vioji'iamiio co- 
BnaAaeT c KoaimecTBOM nponeccopoB, KOTopbie MoaceT aaAciicmoiiaTb npou,ecc. Oho 
onpeAeaaeTCH MacKoii cxoACTBa (affinity mask) npou,ecca. 06mhho npou,eccy pa3pe- 
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rnaeTCH Hcncuib30BaTb Bee npou,eccopbi, h nyji co.3/i,acT paocame noTOKii, KOJiiraecTBO 
KOTopbix 6biCTpo AOCTHraeT >fnc.aa npou,eccopoB. 3aTeM nyji iia'iiiiiaci OTCJieaaiBaTb 
'lacTOxy 3aBepmeHim pa6o x mx .ajie.vieinois, h ana Tex H3 hiix, BbiriojiHemie kotophx 
3aHHMaeT mhoto BpeMemi (c ile/iOKy.vtem npoBai i 11 1.1 m aiiaaemicM), coa/piCT ^onojiHii- 
TeubHbie noTOKii. IIpn yiic.m acini h TeMna 3aBepmeHim .xjiCMemois paoo'me noTOKii 
yiiii'iTO'/KaiO'iCH. 



Tiaea 28. AcmixpoHHbie onepaui/m 

BBOfla-BblBOfla 


B npeAbiAymen rjiaBe paccMaTpHBajnicb bo3mo»chocth acriHxpoHHoro BbinojmeHHH 
BbraHCJiHTejibHbix onepapHH, Koraa nyji noTOKOB pacnpe/tejiaeT sajiamm cpcAH mhoto- 
i nicjieHHbixa/iep, odecneuHBaa napajijiejibHoe iiciio.meimenoTOKOB, uto no3BOJiaeT no- 
BblCHTb npOII3BO/I,HTeJIbHOCTb 3a CICT fio.'ICC 3Cj)cj)eKTHBHOrO paCXOAOBaHIIH pecypcoB CII- 
CTeMbl. B 3TOH I'./iaiiC pC'M I) II ACT 06 aCIIHXpOHHOM BbinOJIHeHIIII OllCpaHllii BBO/I,a-BbIBO,a,a, 
Kor/i,a annapaTHoe odecneueHiie pernaeT cboii aajiaav\ BOo 6 iu,e 6e3 yuacTHH noTOKOB 
h npopeccopa. 3to, hccomhchho, OKa3biBaeT bjimmiiitc Ha3(})(})eicnimiocTb pacxoflOBaHim 
CHCTeMHbix pecypcoB, TaK KaK b 3tom cjiynae sth pecypcbi BOo 6 me we iiOTped.Ti-iiOTCM. 
BnpoueM, nyji noTOKOB iiciio. iik'iium Bee paBHO nrpaeT Baaaiyio pojib, TaK KaK hmciiiio 
TaM o 6 pa 6 aTbiBaioTCH peay.'itviai bi pa3Hoo6pa3Hbix onepapHH BBOAa-BbiBOAa. 


Onepauni/i BBOAa-BbiBOAa b Windows 

/fjia Hanajia paccMOTpHM, KaK b Microsoft Windows bi.iiio.iiimiotoi ciiHxpoHHbie one- 
pan,HH liiio/i.a-isbiiio/i.a. Ha puc. 28.1 noKa3aH KOMnbiOTep c no/i,coc/i,iii[<‘iiiibi.\i k HeMy 
nepncjrepHHHbiM odopyAOBamieM. KaacAoe H3 ycTpoiicTB CHadsceHO coSctbchhoh 
njiaToii co cnen,iiajni3iipoBaHHbiM MiiKponpoueccopoM. K iipmvtepy, n.ia'ia acecTKoro 
AHCKa yMeeT BpamaTb ahck, ycTaHaBjiHBaTb rojiOBKy Ha Hyauryio Aopoaocy, HHTaTb 
aaHHbie c ,a,HCKa h 3amicbiBaTb hx Ha Hero, iiepc.viemaTb ;i,amibie b naMHTb KOMnbiOTepa 
h o6pa™o. 

Hto6m OTKpbiTb TurcKOBbifi {J)afui b nporpaMMe, pa3pa6oTuiiK co3AaeT odueKT 
FileStream. /ia./iec mcto/iom Read 'ni iaiorcM aamibie H3 dpavuia. Bbi30B MCTO/i,a Read 
odneKTa FileStream conpoBoacAaeTca nepexoAOM noTOKa ot yiipab.iacMoro KO/i,a b Ma- 
uiHHHbiir Ko/t/ koa nojib30BaTejibCKoro peacrma, npn stom Bbi3biBaeTca \Viii32-())yiiioiiia 
ReadFile (1). OHaBbiAejiaeT naMHTb juia iieoo.Tbinoii CTpyKTypbi, Ha3biBaeMoii naKeTOM 
3anpocoB BBO/i,a-BbiBOAa (I/O Request Packet, IRP) (2). 3Ta crpyKrypa 11 m 11111 a. 111 . 311 - 
pyeTca AecKpimTopoM (jiaii.aa, CMemeHiieM BHyTpn cjjafuia, c KOToporo iia i iiiCTca mtcfihc 
6aiiTOB, a/ipecoM MacciiBa Byte [ ], BbmejieHHoro aah cunTbiBaeMbix 6aiiTOB, kojihucctbom 
oailTOb, iiiieuiia.iiiaaeimijix aah i iepeAaun h t. n. 

OyHKn,HH ReadFile odpamaeTca k HApy Windows, nepeiio/ui noTOK H3 KOAa noub- 
30BaTeubCKoro pcjKHMa b koa b peacrme HApa h nepeAaBaa b a/ipo IRP-CTpyKTypy (3). 
no AecKpunTopy ycTpoiicTBa aApo y3HaeT, KaKoe ycTpoficTBO npeAHa3HaueH0 aah 
KOHK peTHori onepauHH BBOAa-BbiBOAa, nocae uero naKeT 3anpocoB craBinca b IRP- 
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onepeAb HyacHoro ApafiBepa ycTpoftcTBa (4). KaacAbiii Apaiteep ycTpoftcTBa ynpaBjiaeT 
co6cTBeHHofi onepeABio 3anpocoB BBOAa-BbiBOAa ot Bcex 3anymeHHbix Ha ManiHHe npo- 
npccoB. IIpn noHBJieHiiii IRP-naKeTOB Apaimep ycTpoik'Tisa iicpc/tacr coAepacamyiocH b 
hi-ix iiii(|)0|:)\iannio ccxj'riiCTCTisyiomcMy ycTpoiicTBy, KOTopoe, codcTBemio, ii BbinojiHJieT 
oiiepannio Hiio/i,a-Hi)iiio;i,a (5). 


CMHXpOHHbIM BBOfl-BblBOfl B Windows 


.NET 


ri0/1b30BaTe^b- 
CKMM peXMM 

b Win32 


Filestream fs = new FileStreamC...); 
lnt32 bytesRead = fs.Read(...); 



Pmc. 28.1 . CuHxpoHHbie onepapnu BBOAa-BbiBOAa b Windows 


Heo6xoAHMO noMHHTb OAHy BaacHyio noApodHOCTn: b npou,ecce BbinojiHeHiia 
ycTpofiCTBOM onepan,ini BBOAa-BbiBOAa noTOK ncno. iiK'ima, nepcAamniiii 3anpoc, npo- 
CTaiiBaeT, noaTOMy Windows nepeBOAHT ero b cnnipee cocTOHHire, HTo6bi He pacxoAOBaTb 
npou,eccopHoe is pc. vim BnycTyio (6). O.uiaKo npn otom noTOK npoAOJiacaeT 3aHHMaTb 
MecTO b naMHTii cbohm CTeKOM nojib30BaTejibCKoro peacuMa, ctckom peacHMa HApa, 
6jiokom nepeMeHHbix orcpyaceHim noTOKa (Thread Environment Block, TEB) h Apy- 
OIMH CTpyKTypaMH AaHHbIX, KOTOpbie B 3TOT MOMeHT l[(‘ HCnOJIb3yiOTCH. I I|)I1. I0>KCI[HM 
c rpa(J)HnecKHM HHTep4>eiicoM nepecTaiOT pearnpoBaTb Ha achctbiih nojib30BaTejiH Ha 
BpeMH dnoKiipoBKii noTOKa. Bee .-no, koiicmiio, iioKOJiaTCjiiaio. 

Ilocjie aaisepmemia ycTpoiicTBOM onepan.Hn BBOAa-BbiBOAa Windows npoSyatAaeT 
noTOK, CTaBHT ero b onepeAb npon,eccopa h iio.'sisoimct eMy BepHymca H3 pe>i<n,\ia HApa 
CHanajia b nojib30BaTejibCKiiii peacriM, a 3aTeM h b yiipais. : me\naii koa (7, 8 n 9). MeTOA 
Read o6'b(‘KTa FileStream 11 p h atom isoaispamacT ana'iemie THna Int32, coAepacamee 
KOAnnecTBO nponriTaHHbix H3 c))a ii./ia 6ainois. 3 to AaeT BaM HH(|)opMan,mo o kojimmcctbc 
daiiTOB, OKa3aBmnxcH b Maccrme Byte[ ], paHee i[cpe,Tamio.vi MeTOAy Read. 
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IIpeACTaBiiM peaaii3anino Be6-npnaoaceHiiH, b KOTopoii aaa Kaacaoro npiimeamero 
Ha Bam cepBep KaneHTCKoro 3anpoca cjiopMiipyeTca 3anpoc k 6a3e aaHHbix. 11 pH nocTy- 
naemni KJiiieHTCKoro 3anpoca noTOK 113 nyaa noTOKOB o6pamaeTca k BameMy Koay. IIpn 
Bbiaane ciiHxpoHHoro 3anpoca k 6a3e aaHHbix 3 tot noTOK OKaacerca 3a6aoKiipoBaHHbiM Ha 
HeonpeaejieHHoe bpcmh, Heo6xoaiiMoe aaa nojiyneHiiH OTBeTa 113 6a3bi. Ecan b 9to bpcmh 
npimeT eme oaiiH kjihchtckhh 3anpoc, nya co3aacT eme oaiiH noTOK, KOTopwii CHOBa oxa- 
aceTca 3a6aoKiipoBaHHbiM. B iiTore MoacHO OKa3aTbca c ueabiM Ha6opoM 6aoKiipoBaHHbix 
noTOKOB, O/KH/iaioiuiix OTBeTa H3 6a3bi aaHHbix. I IoaynaeTca, >no Be6-cepBep BbiaeaaeT 
Maccy pecypcoB (noTOKOB h naMHTii aaa hiix), KOTopwe noHTii He nenoab3yiOTCH! 

IIpo6jieMa ycyry6aaeTca TeM, hto npn noaynemiH pe3yabraTOB 3anpocoB H3 6a3bi aaH- 
Hbix 6aoKiipoBKa c noTOKOB 6ya,eT CHHTa oaHOBpeMeHHO h bcc ohii HanHyT HcnoaHHTbca. 
B CHTyanHH, Koraa KoairaecTBO noTOKOB 3HanHTeabHO npeBoexoaHT KoannecTBO aaep 
npoueccopa, onepauiiOHHaa cucTeMa npn6erHeT k nacTbiM nepeKaKmeHHHM KOHTeKCTa, 
HTO 3HaHHTejIbHO CHH3HT npOII3BO/],HTejIbHOCTb. TaK HTO 3TO He TOT nyTb, KOTOpblH nO- 
3Boana 6bi peajiii30BaTb MacniTa6npyeMoe npnaoaceHiie. 

Tenepb paccMOTpiiM npopeaypy BbinojiHeHiia acimxpoHHbix oncpaniiii BBoaa-BbiBoaa 
b Windows (puc. 28.2). H y6paji co cxeMbi bcc BHemmie ycTpoficTBa, KpoMe acecTKoro 
ancKa, a TaKxe ao6aBiia nya noTOKOB cpeaw CLR h caenca OTpeaaKTiipoBaa Koa. OTicpbi- 
Tiie 4>aiiaa no-npeacHeMy BbinoaHaeTca nyTeM co3aaHiia o6beKTa FileStneam, ho Tenepb 
eMy nepeaaeTca cfiaar FileOptions .Asynchronous, KOTopwii yKa3biBaeT Windows, hto 
onepanmi HTeHiw H3 cjiaiiaa h 3amicii b (|)aiia caeayeT BbinoaHHTb aciiHxpoHHO. 

BaeHiie aaHHbix 113 cfiaiiaa Tenepb BbinoaHaeTca mctoaom BeginRead, a He MeToaoM 
Read. ReadAsync co3aaeT o6beKT Task<Int32>, npeacTaBamomiiii He3aBepmeHHyio 
onepauiiio mreHira, a 3aTeM Bbi3biBaeT Win32-c|3yHKuiiio Read File ( 1 ), KOTopaa BbiaeaaeT 
MecTO noa IRP-naxeT, iiHimnaaii3npyeT ero, KaK h b npeabiaymeM cncHapmi (2), h nepe- 
aaeT b aapo Windows (3). Windows ao6aBaaeT I RP-naice r b IRP-oaepeab apaiiBepa 
acecTKoro ancxa (4), ho Ha stot pa3 noTOK He daoKiipyeTca, a HCMeaaeHHO B03BpamaeT 
ynpaBaeHiie nocae bm30bob MeToaa BeginRead (5,6 ii 7). Kohchho, 3to MoaceT npoii3oii- 
th eme ao o6pa6oTKii IRP-naiceTa, nosTOMy nocae ReadAsync He MoaceT caeaoBaTb Koa, 
KOTopbiii nbiTaeTca o6paTiiTbca k 6aiiTaM b nepeaaHHOM MeToay MacciiBe Byte [ ]. 

MoaceT B03HiiKHyTb Bonpoc, Koraa h KaraiM o6pa30M o6pa6aTbiBaiOTCH caiiTbiBaeMbie 
aaHHbie? npn Bbi30Be ReadAsync B03Bpam;aeTCH ofn>c ict Task<In132>. Hcnoab3ya 3tot 
o6beKT, MoacHO Bbi3BaTb MeToa ContinueWith aaa periiCTpamm MeToaa o6paTHoro bm30- 
Ba, KOTopbiii aoaaceH BbinoaHHTbca npn 3aBepmeHim 3aaaan, a 3aTeM o6pa6oTaTb aaHHbie 
b MeToae o6paTHoro Bbi30Ba. TaKace MoacHO ncnoab30BaTb acimxpoHHbie cjiyHKniiii C#, 
no3Boamoiu,iie ncnoab30BaTb nocaeaoBaTeabHyio CTpyKTypy Koaa (KaK npn BbinoaHeHini 
ciiHxpoHHoro BBoaa-BbiBoaa). 

Baicon'iiii! o6pa6oTKy IRP-naKeTa (a), ycTpoiicTBO noMemaeT aeaeraT b onepeab 
CLR-nyaa noTOKOB (b). B aaabHeiimeM icaiaiii-io H3 noTOKOB nyaa 6epeT roTOBbifi IRP- 
naKeT h aKTHBH3iipyeT MeToa oopaTiiora BH30Ba (c) 1 . B pe3yabTaTe bli y3HaeTe o 3a- 


1 ToTOBbie IRP-naKeTH H3BaeKaiOTCH H3 nyaa no aaropnTMy «nepBBiM npurnea — nepBHM 
o6cayaceH>>. 
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BepineHHH onepau.nn, a o6pam,eHim k Aamibi.vi MacciiBa Byte[ ] BHyTpn .vicro/ia CTaHyT 
6e3onacHbiMH. 


ACMHXpOHHbIM BBOfl-BblBOfl B WindOWS 


.NET 


Filestream fs = 
fs.BeginRead(.. 

_ 

new FileStream(. 

. , Cal 1backMethod 

_ 

FileOptions.Asynchronous); 

...); 

© 


© 

3aBepweHMe 3aAann c nojiyneHMeM 
pe3y/ibTaia mjih mckjiioh6hm6m 


n0Jlb30BaTe/lb 

CKMM peXHM 

b Win32 

PexuM «Apa 
Windows 



3flecb noTOK He 6no- 
KMpyeTcn; oh npoAouxaeT 
ncnonHHTbcn! (5) 


flpafiBep NTFS 


ilya noTOKOB CLR 


OTCiOAa noTOKH MoryT nonysaTb 

r 

3aBepmeHHbie IRP-naKeTbi 

© 


IRP- 

"osepeAb 


© 

% 


Pmc. 28.2. AcMHxpoHHbie onepaunn BBOAa-BbiBOAa b Windows 


Tenepb, pa3o6paBumcb c ochobamh, nocMOTpn.vi Ha OTicpbinaiomiiecM nepeA HaMH 
nepcneKTHBbi. 11p)c/ 1 ,r[o./r 0 >kh m, b otbct Ha KjmeHTCKHH 3anpoc cepBep isbmaeT acim- 
xpoHHbiii 3anpoc k 6a3e AaHHbix. I lpn stom Ham noTOK He 6jioKiipyeTca, a BoanpamaeTCM 
b nyji, nojiynaa B03M0acH0CTb aaimibCM o6pa6oTKoii Apyrux K. ineinciaix 3anpocoB. 
TaKHM o6pa30M, nojiynaeTCH, tio ajih o6pa6oTKii ecex uxo/pimnx 3anpocoB AOCTaTOUHO 
Bcero oduoio noTOKa. I lojiyneinibiii ot 6a3bi /uuiiibix otbct TaKace OKaaceTCH b onepeAH 
nyjia noTOKOB, to ecTb Ham noTOK cmoxkct TyT ace ero o6pa6oTaTb h OTnpaBHTb AaHHbie 
KJIIieHTy. TaKHM o6pa30M, eAHHCTBCHHblH nOTOK o6pa6aTbIBaeT He TOJIbKO KJHieHTCKIie 
3anpocbi, ho h Bee o niCTbi 6a3bi AaHHbix. B iitotc cepBep npaKTiraecKii hc noTpco./is-icr 
CHCTeMHblX peCypCOB, HO pa6oTaeT C MaKCHMaAbHO B03M0ACH0H CKOpOCTbK), TaK KaK 
nepeKJHOHeHHH KOHTeKCTa He nponcxoAHT! 

Ecjih aaeMCHTbi hohbjihiotch b nyae 6biCTpee, hcm noTOK MoaceT hx o6pa6oTaTb, 
nya MoaceT co3AaTb AonojiHHTejibHbie noTOKH. Ilya 6biCTpo C03AacT no OAHOMy no- 
TOKy Ha KaacAbiii npoueccop. Cootbctctbchho, Ha .viammie c neTbipbMH npoueccopaMii 
oct bipe K. iiieiiTCienx 3anpoca k 6a3e AaHHbix h otbcta 6a3bi AaHHbix (b . nofioii kom6h- 
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HauHn) oyayx odpadaTbreaTbCH b nexbipex noTOKax 6e3 KaKoro-aiido iicpcK'. iioxcmiH 
KOHTeKCTa 1 . 

Oanaico npn OaoKiipoBKe noTOKa (BbinojiHeHim chhxpohhoh oncpanixw BBoaa-Bbi- 
Boaa, Bbi30Be MeTO/i,a Thread. Sleep hjih oacn/iaHHH, CBH3aHHOM c 6jiokhpobkoh noTOKa 
b paMKax CHHxpoHH3au;HH noTOKOB) Windows yiiCAOM.xHCx nyji o tom, mto o.yiiii H3 ero 
noTOKOB npeKpaTHji paooxy. I Iyji jsj ih bociio. iiktiiim iicaocxaxooiioii 3arpy3Kii npon.ec- 
copa coaaacx hobwh noTOK B3aMeH 3a6jioKiipoBaHHoro. K coacaaeHH 10 , TaKoii Bbixoa 
H3 iio. io/icemia He n;i,ea;iei[, noTOMy xro co37iaiinc hoboto noTOKa ooxoahxch aoBOJibHO 
aoporo c tohkii 3peHiiH 3aTpaT BpeMCHII H naMHTH. 

KpoMe toto, no3AHee noTOK MoaceT 6biTb pa36jioKiipoBaH, h b riTore nponeccop 
oica/iccxcM neperpyaceHHbiM, mio npnBC/iCT k iicpcK. no'iemi 10 KOHTeKCTa h ctihacchhio 
npoii3BO/i,HTejibHOCTH. Bnpo'tc.vi, 3Ta iipooae.via pemacxcn cpencxBaMH nyjia. 3aBep- 
miiBnniM cbok) paooxy noTOKaM, KOTopme nc|)iiy./iiicii b nyji, He aaiox o6pa6aTbiBaTb 
HOBbie oae.vieiixbi, noica 3arpy3Ka nponeccopa He aocxiiiiici onpeaejieHHoro ypomia. 
TaKHM ci iocooom yMeiibiiiae'icxi KOjnraecTBO iiepcb. iio'ieniiii KOHTeKCTa h noBbiinaexcn 
npoH3BonHTejibHOCTb. Ecjih BnocjieacTBHii nyji oonapyaciix, nro noTOKOB 6ojibme, nc.vi 
iico6xo/i,hmo, oh npocTO no3BOJiHT ,xiin1 1 1ii m noTOKaM caMoyHHHToacHTbca, ocbo6o/i,hb 
pecypcbi. 

JXjia pea.xii.xaniin omicaHHoro none/iemm CLR-nyji noTOKOB ncnojib3yeT TaKoii 
pecypc Windows, Kan nopm 3aeepiueHua eeoda-eueoda (I/O Completion Port). Oh 
co.3;uicxcxi npn iiHHniiajm3aniiH CLR. 3aTeM c ox hm nopTOM moacho CBjmaxb noaco- 
e/niHHeMbie ycTpoiicTBa, nxoobi b pc.3y.xi;raxc hx apariBepbi <<3Hajm», Kyaa nocTaBHTb b 
O'icpc/ 1 , 1 ) IRP-naKeT. I loapoonec oxox MexaHH3M oimcaii b Moeii KHiire « Windows via 
C/C++» (Microsoft Press, 2007). 

AciIHXpOHHblii BBO/I-BbIBO/I KpOMC MIIHHMajIbHOrO IICn0Ab30BaHHH pCCypCOB H yMCHb- 

memm icaxii'iccxiia iiepeiciio'teimii KOHTeKCTa npeaocxaBjraex h apyrne npeHMymecTBa. 
CnaaceM, b iianaae coopiai Mycopa CLR ii|)iiocxaiiaii.iiinacx Bee noTOKii b nponecce. 
1 lojiy'iacTCH, 1 1c m MeHbme y Hac noTOKOB, xe.vi Obicxpce npoH3oftaex ydopica Mycopa. 
KpoMe Toro, npn yoopice Mycopa CLR npocMaTpimaeT b noncKax KopHefi bcc ctckii no- 
tokob. CooTBeTCTBeHHO, 'ic.vi MeHbme y Hac noTOKOB, TeM MeHbme cxckoii iipoxo/nixcM 
npocMaTpriBaTb h xe.vi dbicxpee paooxaex ydopipiiK Mycopa. I l. noc ko BceMy, ec.x n b npo¬ 
necce o6pa6oTKii noTOKii He 6bian 3a6aoKiipoBaHbi, doabinyio nacTb BpeMemi ohii 6yayT 


1 IIpeanoaaraeTCH, hto apynie noTOKii b 3to BpeMH OTcyTCTByioT. Bojibiiiyio nacTb BpeMemi 
aeftcTBHTeaBHo TaK, Beat OojibiiiHHCTBo KOMnbioTepoB He 3aaeftcTByeT nponeccop Ha 100 %. 
OaHaKO aaace npn noJiHoft 3arpy3Ke nponeccopa Bee 6yaeT padoTan. onucaHHbiM o6pa30M, ecan 
iicnoaHHeMbie noTOKH hmciot HH3KHe npnopuTeTbi. Haanmie apyrnx noTOKOB npiiBoanT k nepe- 
KaioneHiiHM KOHTeKCTa. 3to naoxo c tohkh 3peHiia npoii3BonHTeabHocTH, ho xopomo c tohkh 
3peHiiH HaaeacHocTH. HanoMHHaio, hto Windows BbiaeaaeT Ha Kaacatift nponecc no KpaiiHeii 
Mepe oanH noTOK h nepeKAionaeT kohtckct, rapaHTiipyn, hto aaace OaoKupoBKa oaHoro noTOKa 
He ocTaHOBHT padoTy npunoaceHUH. 
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npoBO/i,HTb b nyjie b peaame OAai/iaiiHH. A .sna'iin, b namt/ic ydopicii Mycopa noTOKii 
OKaacyTca HaBepxy CTeKa, h iiohck Kopneii He 3aHMeT mhoto BpeMeHii. 

IIpH AOCTiocemiii oTjiaacHBaeMbiM ii|)ii. ; io>Kemie.vi tohkii ocTaHOBa Windows npn- 
ocTaHaBjn-iBaeT Bee ero noTOKii. I loc. ie B03BpameHiiH k maia/nce c.;ie;i,ycT B03o6HOBiiTb 
Bee noTOKH, a 3HaHiiT, npii naAiHiriri doAbinoro KOAiinecTBa noTOKOB nomaroBaa OTjia/iKa 
6y/I,eT BbinOAHHTbCH KpailHe MCAACHHO. AciIHXpOHHblii BBOfl-BbIBO/I, n03B0AHCT o6oilTIICb 
Bcero HeCKOJIbKIIMH nOTOKaMH, nOBblinaa TeM CaMbIM npOII3BOAnTeAbHOCTb OTJia/UOI. 

Bbimubi 3thm He HcnepnbiBaiOTCH. I Ipc/uio. ioacH.vi, Barne npimoAceHiie aoaacho 3 a- 
rpy3HTb c pa3JiHHHbix caiiTOB 10 ii3o6pa>Kemiii. 3arpy3Ka KaacAoro 113 hiix 3aHiiMaeT 
5 ceicyHA. B ciiHxpoHHOM pescHMe isbiiio. iiieiniM (3arpy3Ka o/uiom ii3o6pa>icciiiui 3 a 
ApyniM) BaM noTpedyeTca 50 ceKyna,. OAHaico npn noMornii Bcero oahoto noTOKa moacho 
na'iaTP) 10 aciiHxpoHHbix onepaniiii 3arpy3Kii h noAyiHTb Bee ii;so6pa>i<eiiiin Bcero 3 a 
5 ceicyHA! To ecTb BpeMH BbinoAHemiH HecKOAbKiix ciiHxpoHHbix onepaniiii BBOAa-BbiBOAa 
noAynaeTCH nyTeM cyMMiipoBamiH BpeMCHii, KOTopoe 3aHHMaeT KaacAaa OTACAbHaH one- 
paniin, b to BpeMH KaK b CAytac 1 ia6opa acHHxpoHHbix oncpauiiii BBOAa-BbiBOAa BpeMH 
hx 3aBepmeHiiH onpeAeAHeTCH caMofi mcaachhoh h3 BbinoAHaeMbix onepaniiii. 

/Iah npHAoaceHHH c rpacj^HuecKHM iiHTep4)eficoM aciiHxpoHHbie onepaniiii oncpbiBa- 
K)t eme oaho npeHMymecTBo: nx iiHTepcjieiic BcerAapeaoipyeT Ha achctbhh Konennom 
noAb30BaTeAH. B iipii.TO>iceiiiiHx Silverlight h Windows Store isoodine Bee onepaniiii 
BBOAa-BbiBOAa BbinOAHHIOTCH TOAbKO aCIIHXpOHHO, nOTOMy 'I PO 6 Pl6.. : l 110'PCIX IP KAACCOB 
onepaniiii BBOAa-BbiBOAa npeAOCTaBAHioT TOAbKO aciiHxpoHHbie Bepcini cboiix onepaniiii; 
MeTOAbi BbinoAHeHiiH ciiHxpoHHbix onepaniiii npocTO OTcyTCTByiOT. 3 to 6bmo c/i,e.Tai 10 
HaMepeHHO, 'ito6p>i npiinoAcemie He nepecTaBaAO peanipoBaTb Ha achctbiih Konennom 
n0Ab30BaTCAH. 


ACHHXpOHHbie 4>yHKI4HH C# 

AciiHxpoHHbie onepaniiii HBAHIOTCH K.TIO'IOM K C03AaHHI0 BbICOKOnpOII3BOAHTeAbHbIX 
MacniTadiipyeMbix npiinoAcemiii, BbinoAHHioiniix mhoaccctbo onepaniiii npn noMomu 
ncoo.Tiiiiiom KoniraecTBa noTOKOB. BMecTe c nyAOM noTOKOB ohii /yiion bo3moachoctb 
:>(})())C pci pi 15ipo 3aAeiicTBOBaTb Bee nponeccopbi b ciiCTeMe. Ocoisnaisan 3tot orpoMHbiii 
noTCHnnaA, pa3pa6oTHiiKii CLR pa3pa6oTaAii MOACAb nporpaMMiipoBaHiiH, npii3BaHHyio 
CAeAaTb ero AOCTynHbiM aah Bcex nporpaMMiiCTOB 1 . 3Ta MOAeAb iicnoAb3yeT oSbcicibi 


1 Pa3pa6oTAHKH, ncnoAb3yiomHe Bepcmi Microsoft .NET Framework ao 4.5, MoryT BocnoAb- 
30BaTbca moiim KAaccoM AsyncEnumerator (H3 6n6AHOTeKii Power Threading — cm. http:// 
Wintellect.com/) — ero MOAeAb nporpaMMiipoBaHiiH AOCTaTouHo noxoxa Ha MOAeAb .NET 
Framework 4.5. CoOctbchho, ycnex KAacca AsnycEnumerator no3BOAHA MHe noMoub Microsoft 
b npoeKTiipoBaHHH MOAeAH, paccMaTpHBaeMoii b 3toh rAaBe. BBHAy hx cxoACTBa aAanTaniiH 
KOAa, HcnoAb3yioinero KAacc AsyncEnumerator, aah hoboh nporpaMMHoft moacah npoxoAHT 
TpiIBIiaAbHO. 
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Task (cm. rjiaBy 27) h acimxpoHHue (pyHKU,uu H3biica C#. B cjieAyiomeM npimepe Koaa 

aCIIHXpOHHbie (JjyHKPHH IICnOJIb3yiOTCH AJIfl BbinOJIHeHIIH Abyx aCIIHXpOHHbIX onepapHH. 

private static async Task<String> IssueClientRequestAsync(String serverName, 

String message) 

{ 

using (var pipe = new NamedPipeClientStream(serverName J "PipeName", 
PipeDirection.InOut, PipeOptions.Asynchronous | PipeOptions.WriteThrough)) 

{ 

pipe.ConnectQ; // npe>Kfle aeM 3a,qaBaTb ReadMode, Heo6xoflMMO 
pipe.ReadMode = PipeTransmissionMode.Message; // BbiBBaTb Connect 

// AcMHxpoHHafl ompaBKa aaHHbix cepBepy 
Byte[] request = Encoding.UTFS.GetBytes(message); 
await pipe.WriteAsync(request, 0, request.Length); 

// AcuHxpoHHoe MTeHne OTBeTa cepBepa 
Byte[] response = new Byte[1000]; 

Int32 bytesRead = await pipe.ReadAsync(response, 0, response.Length); 
return Encoding.UTF8.GetString(response, 0, bytesRead); 

} // 3aKpbiTne KaHa/ia 

} 


B npiiBe/LCHHOM ko/i,c cpa3y bii/lho,hto IssueClientRequestAsync mil imc'icli aciiH- 
xpoHHoii cfjyiiKUHCLT, noTOMy hto K/noneBoe cjiobo async cjieayeT b nepBoii CTpoKe cpa3y 
ace nocjie static. Kora a mcto/i, noMeuaeTCH K.iioneiibi.M cjiobom async, komiihjihtop 
npeo6pa3yeT koa MeTOAa b ran, peajiH3yiomioi KOHenHbiii aBTOMaT (6onee noApo6Hoe 
oniicaHiie iipuiso/iincn b cjie/tyiomcM paa/ie/ie). 3to no3BOjiHeT noTOKy BbinojiHiiTb 
nacTb ko/lh b iconcniOM aBTOMaTe, a 3aTeM BepHyTb ynpaBjieHiie 6e3 iibmo.memia bcc- 
ro mcto/ui AO aaiiepmemia. Taiai.M o6pa30M, npn Bbi30Be IssueClientRequestAsync 
noTOK KOHCTpyHpyeT NamedPipeClientStream, Bbi3biBaeT Connect, 3aAaeT 3Hane- 
Hiie CBOHCTBa ReadMode, npeo6pa3yeT iiepe/uumoe coo6memie b Byte[ ] h Bbi3biBaeT 
WriteAsync. BHyTpeHHHH peajiii3au,iM WriteAsync co3AaeT o6beKT Task h bo3- 
BpamaeT ero IssueClientRequestAsync. Ha 3Toii CTaAHii onepaTop C# await bm- 
3biBaeT ContinueWith ajih o6beKTa Task c nepeAaneH MeTOAa, B03o6HOBJiaiomero 
BbinojiHeHiie KOHeraoro aBTOMaTa, nocjie nero noTOK B03Bpam,aeT ynpaBjieHiie H3 
IssueClientRequestAsync. 

B 6vAyineM Apaiinep ceTeBoro ycTpoHcraa 3aBepniHT a.aimci, ,aanm,ix b icaHa/i. no- 
tok ii3 nyjia onoBecTHT oobcicr Task, 'no iipuise/i,CT k aiCTbimiaaiuibi mcto/pi o6paTHoro 
Bbi30Ba ContinueWith, aacTaii. iaioinero noTOK B03o6HOBHTb BbinojiHeHiie koiictiioio 
aBTOMaTa. A ecjin KomcpeTHee, noTOK 3aHOBO bxoaht b mctoa IssueClientRequestAsync, 
ho b tohkc onepaTopa await. Tenepb Ham mcto/i, BbinojiHHT creHepiipoBaHHbiii KOMnii- 
AHTopoM ko/l 3anpamHBaiomiiH cocToamie o6beKTa Task. B cuynae oihii6kii isbi/piercM 
npcAC'iaii/mlomec ee hck. no'iemie. Ecjih miepanua aaiiepmaeTca ycnemHO, onepaTop 
await B03BpamaeT peay/iaraT. B HarneM cjiyiao WriteAsync B03BpamaeT Task bmccto 
Task<TResult>, TaK tio B03BpamaeMoe aiia'iemie OTcyTCTByeT. 
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JXajiee BbinoAHeHiie Harnero MeTOAa npoAOAacaeTOi C03AaHiieM o6beKTa Byte [ ] h no- 
cjieAyiomHM bm30bom aciiHxpoHHoro MeTOAa ReadAsync aah NamedPipeClientStream. 
BiiyipeiPima peajiii3ai],ii ReadAsync co3ahct o6 - beKT Task<Int32> h B03BpamaeT ero. 
H CHOBa onepaTop await Bbi3biBaeT ContinueWith .yui o6beKTa Task<Int32> c nepe- 
Aaneii mctoah, bo3o6hobaa lomero m.mo. memie koiic'iiioio aBTOMaTa, h CHOBa noTOK 
B03BpamaeT yiipaii. ; ieime H3 IssueClientRequestAsync. 

B 6yyyiue.vi cepBep BepHeT otbct KJiiieHTCKoii MamiiHe, apafiBep ceTeBoro ycTpoii- 
CTBa nojiyuiiT stot otbct, a noTOK H3 nyjia yBeAOMHT o6beKT Task<Int32>, koto- 
pbift bo3o6hobiit BbinojiHeHiie KOHeuHoro aBTOMaTa. OnepaTop await 3acTaBAHeT 
KOMmiJiHTop creHepupoBaTb koa, KOTopbiii 3anpamiiBaeT cbohctbo Result o6beKTa 
Task (Int32) h npncBaiiBaeT pe3yAKraT jioKajibHoii nepeMeHHoii bytesRead, hah 
Bbiyaci' HCK. iio'ieiine b cjiytac ouih6kh. 3aTeM BbinojiHaeTCH ocTamiiaMca 'tacTP> i<o;i,a 
IssueClientRequestAsync, KOTopan B03BpamaeT crpoicy pe3yjibTaTa h 3aKpbiBaeT KaHaa. 
Ha 3toh CTaAHH KOHeuHbiii aBTOMaT OTpa6oTaji ao 3aBepmeHiia, a y6opmiiK Mycopa npn 
Heo 6 xOAHMOCTH OCB 060 AHT HAM HTb. 

TaK KaK aciiHxpoHHbie (fjynKiuin B03Bpamai0T ynpaBjieHiie ao Toro, KaK hx koiicp- 
hmh aBTOMaT OTpa6oTaeT ao aaiiepmemiH, BbinojiHeHiie mctoaa, Bbi3BaBHiero Issue¬ 
ClientRequestAsync, npoAOAACHTca cpa3y ace nocae toto, KaK IssueClientRequestAsync 
BbinojiHiiT CBoii nepBbifi onepaTop await. Ho KaK Bbi3biBaiomaji CTopoHa y3HaeT, hto 
Bbrnojiiicniic kohchhoto aBTOMaTa IssueClientRequestAsync 3aisc|)iiiii. ; iocp>? KorAaBbi 
iiOMCiac'ic MeTOA kaiomcbbim cjiobom async, komiiiiahtop aBTOMaranecKH reHepiipyeT 
koa, co3AaiomHH o6'p>ckt Task b iia'iaae BbinoAiicnna kohchhoto aBTOMaTa; stot o6beKT 
Task 3aBepmaeTca ;ur 10 m a: in 1 1 ecicp i npii 3aBepuieHHii kohchhoto aBTOMaTa. Sa.vieTbi'c, hto 
TiinoMB03BpamaeMoro3HaHeHim IssueClientRequestAsync hbahctch Task<String>. 
OaKTHnecKii B03BpamaeTCH o6beKT Task<Stning>, KOTopbiii coa/tac'iCH koaom, creHe- 
piipoBaHHbiM KOMnii ahtopom, a cbohctbo Re s u It o6beKTa Ta s k b a3hhom caynae HMeeT 
ran String. Eahacc k KOHuy IssueClientRequestAsync a B03Bpamaio CTpoKy. 3to 
3aCTaBAHeT KOA, CreHepHpOBaHHblH KOMnHAHTOpOM, 3aBepmiITb C03AaHHblii JIM o6bCKT 
Task<String> h 3AAaTb ero CBoiicTBy Result B03BpameHHyio CTpoKy. 

/I, jih aciiHxpoHHbix (fjyiiKuiTH AeiiCTByeT pa a orpaHHneHHH: 

□ Mctoa Main npiiAoaceHiiH He MoaceT 6biTb npeo6pa30BaH b aciiHxpoHHyio tjiyHKuiiio. 
KpoMe Toro, KOHCTpyKTopbi, MeTOAbi AOCTyna cbohctb h .vicio/ua AOCTyna co6mthh 
He MoryT 6biTb npeo6pa30BaHbi b aciiHxpoHHbie <})vmaiiiii. 

□ AciiHxpoHHaa 4iyHKH,i«i He MoaceT HMera napaMeTpbi out h ref. 

□ OnepaTop await He MoaceT ppci po./p i>.jo iifii p>cai b 6./ioi<e catch, finally iiah unsafe. 

□ He AonycKaeTCH ycTAHOBAemie 6aokiipobkii, noAAepacHBaiomeH BAaAeHiie noTO- 
kom hah peKypciiio, ao oncpauiiH await, h ee chhtiic nocAe onepaTopa await. 3to 
orpaHimeHiie o 6 bHCHaeTCH tcm, mto oaiih noTOK MoaceT BbinoAHiiTb koa ao await, 
a ApyroH noTOK MoaceT BbinoAHiiTb koa nocae await, npn iicnoAb30BaHiin await 
c KOMaHAoii C# lock KOMniiAHTop BbiAaeT coo 6 meHiie 06 omn 6 Ke. Ecah bmccto 
3Toro hbho Bbi3BaTb MeTOAbi Enter h Exit KAacca Monitor, to koa OTKOMniiAiipy- 
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eTCH, ho Monitor. Exit BbmacT HCKJnoaeHiie SynchronizationLockException bo 
BpeMH m.nio. inomiM. 

□ B BbipaaceHiiHx 3anpocoB onepaTop await mojkct ncnoAb30BaTbGH TOJibKO b nepBOM 
BbipaaceHini k'o./i./i('K'hii n ycjioisiui from hah b BbipasceHim koaackhhh yc.'ioisiui 

join. 

Bee 3 th orpaHHHeHHH He cto jib cymecTBeHHbi. Ilpii hx HapymeHmi i«)\imi. : mop bh- 
AacT cooTBeTCTByiomee coo6meHiie, a npo6jieMbi o6biHHO yaaeTca pemiiTb npn noMomu 
pic.31 ia'iHTt'.T f>[ roii mo/pk})H icaiiHn koah. 


npeo 6 pa 30 BaHne acuHxpoHHOM 4 >yhkumm 
B KOHeHHbIM aBTOMaT 

Pa6oTa c aciiHxpoHHbiMH (jiymain hmh CTaHeT 6ojiee .'xjxjiCKTiimioii, ecjin bbi 6\'actc no- 
HiiMaTb cyTb npeo6pa30BaHini KOAa, KOTopbie KOMniuiHTop miino. iiiMCT 3 a Bac. Ha Moii 
B3rjiHA, pa3o6paTbca b ii|)oncxo;i,HmcM npome Bcero Ha KOHKpeTHOM npimepe, noaTOMy 
MbI HaHHeM C Olipe/l,CJICmiM HeCKOJIbKHX npOCTbIX THnOB II MeTOAOB. 

internal sealed class Typel { } 
internal sealed class Type2 { } 
private static async Task<Typel> MethodlAsyncQ { 

/* AcuHxpoHHan onepapun, B03Bpamaioman o6beKT Typel */ 

} 

private static async Task<Type2> Method2Async() { 

/* AcuHxpoHHaa onepapun, B03Bpamaiomafl o6beKT Type2 */ 

} 


Tenepb a npiiBCAy aciiHxpoHHyio tjiyHKiimo, KOTopaa ncnojib 3 yeT oth npocTbie Timbi 
II MeTOAbl. 

private static async Task<String> MyMethodAsync(Int32 argument) { 

Int32 local = argument; 
try { 

Typel resultl = await MethodlAsyncQ; 
for (Int32 x = 0; x < 3; x++) { 

Type2 result2 = await Method2Async(); 

} 

} 

catch (Exception) { 

Console.WriteLine("Catch"); 

} 

finally { 

Console.WriteLine("Finally"); 

} 

return "Done"; 
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Ko/p MyMethodAsync isp>iivim/pht /poiso/ihiio 3anyTaHHO, ho oh /iCMOiiCTpiipycT He- 
CKOJibKo ic'iio'icispiix MOMeHTOB. Bo-nepBbix, caMaacniixpoiiiia>i (Ja'iikuh/i B03BpamaeT 
Task<String>, ho b Te/ie KO/ia isoaispaiipacTC/i String. Bo-btopmx, b Heii isi»i3i»puai iopoi 
/ipyi HC (JiyiiKUH h, KOTopbie liiiiiio.iiiaioi aciiHxpoHHbie onepauiiii — o/piia aBTOHOMHO, 
apyraa b hp-ik/ic for. HaKOHeu;, xaioKC npucyTCTByeT ko/i o6pa6oTKii hck/iio'iciih ft. 
IIpn KOMnHjiauHH MyMethodAsync komiipi.i atop npeo6pa3yeT ko/i MCio/ia b CTpyKTypy 
KOHeHHOrO aBTOMaTa C B03M05KH0CTbK> npiIOCTaHOBKII H PipO/PO/l/KClIHM I3P)I P POJPI PCI I H5-P. 

H b3hji iipiiiie/pemiijpii ico/p, OTKOMmijiiipoBaji ero, a 3aTeM npeo6pa30Baji I L-ico/p 
o6paTHO b iicxoAHbiii ko/i, C#. /Ja/iee h c/ieraa ynpocTH/i ko/i, h /p,o6aBiui no/i,po6Hbie 
KOMMCHTapiIH, HTo6bI Bbl nOHHJIH, 'I PO /PC/iaCI' KOMnHJIHTOp /P./I!>l pa 60 TbI aCHHXpOHHbIX 
(fpyiiKUHH. 11 ip/icc npuBC/pcii ochobhoh ko/i,, coa/pai 111 i>i ii b peay/i p/panc npeo6pa30BaHiia. 
H noKa3biBaio KaK npeo6pa30BaHHbiii mcto/i, MyMethodAsync, TaK h CTpyKTypy kohchhoto 
aBTOMaTa, OT KOTOpoii OH 3aBHCHT. 

// ATpn6yT AsyncStateMachine o6o3HanaeT acinHxpoHHbifi MeTOA 
// (no/ie3HO fl/ifl MHCTpyMGHTOBj incnoAb3yiouMx OTpaxeHne); 

// Tun yKa3biBaeTj Kaon CTpyKTypa pea/in3yeT KOHeHHbiin aBTOMaT. 

[DebuggerStepThrough, AsyncStateMachine(typeof(StateMachine))] 
private static Task<String> MyMethodAsync(Int32 argument) { 

// Co3flaHne 3K3eMn/iflpa KOHenHoro aBTOMaTa in ero MHULpua/iMsaLpuB 
StateMachine StateMachine = new StateMachine() { 

// Co3flaHine nocTpoinTenn, B03Bpaiipaioinero Task<String>. 

// KoHesHbiPi aBTOMaT o6pauaeTCfl k nocTpoinTenio /yin Ha3HaHeHina 
// 3aBepiueHMB 3aflaHMH kiAin BbiAann inCKAPOHeHHfl. 
m_builder = AsyncTaskMethodBuilder<String>.Create(), 

m_state = 1, // MHHLpna/iin3aLpwfp MecTOHaxo>KAeHMB 

m_argument = argument // KoninpoBaHine apryMeHTOB b nona KOHesHoro 

}; // aBTOMaTa 

// Hasa/io BbinoAHeHina KOHenHoro aBTOMaTa. 
stateMachine.m_builder.Start(ref StateMachine); 

return StateMachine.m_builder.Task; // Bo3BpaueHine 3aAaHnn KOHenHoro 

} // aBTOMaTa 

// CTpyKTypa KOHesHoro aBTOMaTa 

[CompilerGenerated, StructLayout(LayoutKind.Auto)] 
private struct StateMachine : IAsyncStateMachine { 

// no/ia aaa nocTponTe/ifl KOHesHoro aBTOMaTa (Task) w ero MecTOHaxosKAeHina 
public AsyncTaskMethodBuilder<String> m_builder; 
public Int32 m_state; 

// ApryMeHT in AOKanbHbie nepeMeHHbie CTaHOBHTCA nonaMin: 
public Int32 m_argument, m_local, m_x; 
public Typel m_resultTypel; 
public Type2 m_resultType2; 

// Oaho nOAe Ha KasKAbiin Tinn Awaiter. 

// B AK)6oin MOMeHT BpeMeHin Ba>KH0 TOAbKO OAHO H3 3THX nOAeii . B HeM 
// xpaHHTCA ccbiAKa Ha nocAeAHHH BbinoAHeHHbiin 3K3eMnA«p await, 

// KOTopbiin 3aBepmaeTCH acinHxpoHHo: 
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private TaskAwaiter<Typel> m_awaiterTypel; 
private TaskAwaiter<Type2> m_awaiterType2; 

// CaM KOHeHHblM aBTOMaT 

void IAsyncStateMachine.MoveNext() { 

String result = null; // Pe3ynbTaT Task 

// BCTaBneHHbin KOMnnnaTopoM 6 aok try rapaHTnpyeT 
// 3aBepmeHue 3aAaHna KOHeaHoro aBTOMaTa 
try { 

Boolean executeFinally = true; // ZlornMecKun bnxoa h3 6/iOKa 'try' 
if (m_state == 1) { // Ec/in mctoa KOHeaHoro aBTOMaTa 

// Bbino/iHfleTCn BnepBbie 

m_local = m_argument; // BbinonHKTb Haaano mcxoahoto MeToaa 

} 

// Baok try n3 hcxoahoto KOAa 
try { 

TaskAwaiter<Typel> awaiterTypel; 

TaskAwaiter<Type2> awaiterType2; 

switch (m_state) { 

case 1: // Ha^ano ncnoAHeHun koab b 'try' 

// Bbi3BaTb MethodlAsync n nonyanTb ero o6teKT o>KHAaHMfl 
awaiterTypel = MethodlAsyncQ .GetAwaiter(); 
if (!awaiterTypel.IsCompleted) { 

m_state =0; // 'MethodlAsync' 

// 3aBepwaeTCfl acnHxpoHHo 

m_awaiterTypel = awaiterTypel; // CoxpaHnTb o6beKT 

// okhashua ao B03BpameHnn 
// npuKa3aTb o6beKTy o*uAaHna BbBBaTb MoveNext 
// nocne 3aBepuieHUfl onepapun 

m_builder.AwaitUnsafeOnCompleted(ref awaiterTypel, ref this); 

// npeAbiAymaa CTpoxa BbBbiBaeT MeTOA OnCompleted 
// o6teKTa awaiterTypel, hto npuBOAMT k Bbi30By 
// ContinueWith(t => MoveNext()) Ana Task. 

// npu 3aBepmeHnn Task ContinueWith BbBbiBaeT MoveNext 

executeFinally = false; // Ee3 noraaecKoro BbixoAa 

// H3 6noi<a 'try' 

return; // TIotok B03BpamaeT 

} // ynpaBnemne BbBbiBaromea CTOpoHe 

// 'MethodlAsync' 3aBepwaeTCa CMHxpoHHO. 
break; 

case 0: // 'MethodlAsync' 3aBepwaeTca acnHxpoHHo 

awaiterTypel = m_awaiterTypel; // BoccTaHOBneHne nocneAHero 

break; // o6beKTa owwAamiA 

case 1: // 'Method2Async' 3aBepwaeTca acnHxpoHHo 

awaiterType2 = m_awaiterType2; // BoccTaHOBneHne nocneAHero 

goto ForLoopEpilog; // o6beKTa ownAaHaa 

} 

// nocne nepBoro await coxpaHaeM pe3ynbTaT n 3anyCKaeM uhka 'for' 

npodojiMetme & 



798 QiaBa 28. AcuHxpoHHbie onepau.nn BBOAa-BbiBOAa 


m_resultTypel = awaiterTypel.GetResult(); // no/iyueiHMe pe3y/ibTaTa 
ForLoopPrologue: 

m_x = 0 ; // MHHUMa/iMBapHfl uMK/ia 'for' 

goto ForLoopBody; // nepexofl k Te/iy uMK/ia 'for' 

ForLoopEpilog: 

m_resultType2 = awaiterType2.GetResult(); 

m_x++; // YBe/iMMeHne x noc/ie KaxflOM MTepaqMM 

// nepexofl k Te/iy qnK/ia 'for' 

ForLoopBody: 

if (m_x < 3) { // yc/ioBkie UMK/ia 'for' 

// BbBOB Method2Async m no/iyueiHMe o6bexTa ojKHflaHMB 
awaiterType2 = Method2Async() . GetAwaiterQ; 
if (!awaiterType2.IsCompleted) { 

m_state = 1; // ’Method2Async' 3aBepuiaeTca 

// aCMHXpOHHO 

m_awaiterType2 = awaiterType2; // CoxpaHemne o6teKTa 

// OKMflaHMB flO B03BpaUGHMB 

// npnKa3biBaeM BbBBaTb MoveNext npn 3aBepweHMM onepaqMM 
m_builder.AwaitUnsafeOnCompleted(ref awaiterType2j ref this) 
executeFinally = false; // 5e3 AorMuecxoro Bbixoaa 

// M3 6/ioKa 'try' 

return; // noTOK B03BpauaeT ynpaB/ieHMe 

} // BbBblBaiOlHeM CTOpOHe 

// 'Method2Async' 3aBepiuaeTca cmhxpohho 

goto ForLoopEpilog; // CMHxpoHHoe saBepweHMe, B03BpaT 

} 

} 

catch (Exception) { 

Console.WriteLine("Catch"); 

} 

finally { 

// Ka>KflbiM pa3, Korfla 6aok <j)M3MuecKM buxoamt m3 'try', 

// Bbino/iHBeTCB 'finally'. 

// 3T0T KOfl flO/DKeH BbinO/lHBTbCfl TO/lbKO npM /lOTMHeCKOM 
// BbixoAe m 3 'try', 
if (executeFinally) { 

Console.WriteLine("Finally"); 

} 

} 

result = "Done"; // To, mto b kohghhom MTore AO/bKHa BepHyTb 
} // aCMHXpOHHaB <j)yHKUMfl. 

catch (Exception exception) { 

// Fleo6pa6oTaHHoe MCK/noueHMe: 3a,gaHMe KOHeuHoro aBTOMaTa 
// 3aBepLiaeTCB c MCK/iioueHMeM. 
m_builder.SetException(exception); 
return; 

} 

// HcK/ifOMeHMB HeT: 3aflaHMe KOHenHoro aBTOMaTa saBepuiaeTca c pe3y/ibTaT0M 
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m_builder.SetResult(result); 

} 

} 

Ecjiii bh He noacajieeTe BpeMCHii Ha npocMOTp Kona h HTemie KOMMeirrapiieB, nyMaio, 
Bbl CMO>KCTC nOHHTb, TI'O KOMnilJIHTOp /IC/iaCT 3a BaC. I IoaCajiyft, CTOHT OC060 yilOMMlI VTP) 
06 ohhom BaacHOM MOMeHTe. Kaacubifi pa3, Korna b BarneM Kone iicnojib3yeTca onepaTop 
await, KOMmijiHTop 6epeT yKa3aHHbiH miepaii/i, h iii.nacTca Bbi3BaTb /pia Hero mcto/i 
GetAwaiter. 3 tot mctoa MoaceT 6biTb KaK 3K3eMnjiapHbiM mctoaom, TaK h mctoaom 
pacmiipemia. 06beKT, B03BpamaeMbiii npn Bbi30Be GetAwaiten, Ha3breaeTca ooheicmoM 
OMudanuH (awaiter). 

Ilocjie Toro KaK Koiie'iiiiiiii aBTOMaT nojiyiHT o6beKT oaoi/iaima, oh 3anpamiiBaeT 
ero CBoiicTBO IsCompleted. Ecjih onepaiitia 3aBepmaeTca cimxpoHHO, B03BpamaeTca 
3HaaeHiie true, h b nopa/i,Ke onTHMH3au;HH KOHeaHbift aBTOMaT npocTO nponoaacaeT bbi- 
nojiHeHiie. Oh Bbi3biBaeT mcto/i, GetResult o6beKTa o/Kii/iaima, KOTopbiii ji 1160 BbmaeT 
HCK/noaemie b c/iyaae HeyaaaHoro Bbino/iHeHiia oncpaniiH, jih 6 o B03BpamaeT pe3yjibraT, 
ecjni onepaiina nponuia ycneniHO. KoHeaHbiii aBTOMaT nponoiiacaeT BbinojiHeHiie /via 
o6pa6oTKH pe3yjibTaTa. 

Ecjiii oiiepamia aaiicpniacTCM aciiHxpoHHO, IsCompleted B03BpamaeT false. B stom 
cjiyaae KmiCMiibiii aBTOMaT Bbi3biBaeT .victor OnCompleted oo'bcinaoaoi/iamia, nepe/ia- 
Baa e.viy /ic/iera/ia mcto/pi MoveNext KoncMimm aBTOMaTa. H Tenepb koiichubih aBTOMaT 
iio3B().ihct cbocmv noTOKy BepHyTb ynpaBjieHiie b iicxo/umo tom icy, hto 6 h tot mot npo- 
HoaaciiTb BbinoaHeHiie /ipyroro Kona. B 6ya,ymeM o6beKT oacimaHtia, HHKancyjmpyiomHH 
Task, y3HaeT o CBoeM 3aBepeHiin h Bbi3biBaeT /ic/ierara, mto npiiBO/iHT k BbinojiHeHino 
MoveNext. IIo no/iaM KOHeaHoro aBTOMaTa onpe/iejiaeTca cnoco6 nepexona k npaBHjibHOH 
TOHKe K'0/l.a, MIO C03/l,aCT HJIJH03HI0 ll|X)/l,OJI>K'CmiH BbinOJIHeHIIH MCTO/l/l C Toro MeCTa, 
c KOToporo oh 6bM npepBaH. Ela otoh cra/iuH koh Bbi3biBaeT mcto/i, GetResult o6beKTa 
oacii/iaHiia h npo/iojiacaeT BbinojiHeHiie /via o6pa6oTKii pe3y/ibTaTa. 

TaK pa6oTaeT MO/i,ejib aciiHxpoHHbix (jjyHKiiiiii, e/uiHCTBCHHaa ijejib KOTopoii — ynpo- 
meHiie pa6oTbi nporpaMMHCTa no iiariHcannio KO/i,a 6e3 6jiOKiipoBKii ncno/memia. 


PacuiMpqeMOCTb acuHxpoHHbix cJ)yHKui/m 

Hto icacaeTOi pacmiipaeMOCTH, ecjni b o6beKT Task MoacHO ynaKOBaTb onepan,ino, 
KOTopaa 3aBepmiiTca b 6y/i,ymeM, to bbi CMoaceTe ncnojib30BaTb onepaTop await /via 
oacii/iaima 3aBepuieHiia 9Tofi onepaiiiiii. npe/icTaBjieHiie Bcex pa3HOBii/i,HOCTeH aciiH- 
xpoHHbix onepai/HH oahiim titiiom (Task) ape3BbiaaHHO no/ie3HO, noTOMy hto oho 
no3BOJiHeT peajiii30BaTb KOM6iiHaTopbi (mcto/i,im WhenAll h WhenAny KJiacca Task) h 
apynic no/ie3Hbie onepaiiiiii. no3/iHee b 3toh r/iaBe /uimiaa B03M0acH0CTb oyycT npo- 
AeMOHCTpupoBaHa Ha npimepe ynaKOBKii CancellationToken c Task, no3BOJiaiomeM 
ncnojib30BaTb await /via acHHxpoHHoft onepaiiiiii c no/mepacKoii Taii.vi-ayTa h otmchm. 

A ceiiMac a npe/iCTaB jiio eme o/iiih npimep. H11 ace npiiBe/ieH Moii K/iacc TaskLoggen, 
KOTopbiii MoaceT Hcnojib30BaTbca /via BbiBO/ia mi(;|:iopManHiT o He3aBepmeHHbix aciiH- 
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xpoHHbix oiiepauii mx. TaKaa initjiop.YiaiiiiM 'fpeaiibi'iaiino iio./ie.3i[a b xo;i,c OT.;ia;i,i<ii, oco- 
6chho ecjin Barne npimoacemie <<BiiCHeT» H3-3a HCKoppeKTHoro 3anpoca hjih OTcyTCTBiia 
peaKpioi cepBepa. 

public static class TaskLogger { 

public enum TaskLogLevel { None, Pending } 
public static TaskLogLevel LogLevel { get; set; } 

public sealed class TaskLogEntny { 

public Task Task { get; internal set; } 
public String Tag { get; internal set; } 
public DateTime LogTime { get; internal set; } 
public String CallerMemberName { get; internal set; } 
public String CallerFilePath { get; internal set; } 
public Int32 CallerLineNumber { get; internal set; } 
public override string ToStringQ { 

return String.Format("LogTime={0}, Tag={l}, Member={2}, File={3}({4})", 
LogTime, Tag ?? "(none)", CallerMemberName, CallerFilePath, 
CallerLineNumber); 

} 

} 

private static readonly ConcurrentDictionarycTask, TaskLogEntry> s_log = 
new ConcurrentDictionarycTask, TaskLogEntry>(); 
public static IEnumerable<TaskLogEntry> GetLogEntries() { return s_log.Values; } 

public static Task<TResult> Log<TResult>(this Task<TResult> task. 

String tag = null, 

[CallerMemberName] String CallerMemberName = null, 

[CallerFilePath] String CallerFilePath = null, 

[CallerLineNumber] Int32 CallerLineNumber = 1) { 
return (Task<TResult>) 

Log((Task)task, tag, CallerMemberName, CallerFilePath, CallerLineNumber); 


public static Task Log(this Task task. String tag = null, 
[CallerMemberName] String CallerMemberName = null, 
[CallerFilePath] String CallerFilePath = null, 
[CallerLineNumber] Int32 CallerLineNumber = 1) { 
if (LogLevel == TaskLogLevel.None) return task; 
var logEntry = new TaskLogEntry { 

Task = task, 

LogTime = DateTime.Now, 

Tag = tag, 

CallerMemberName = CallerMemberName, 

CallerFilePath = CallerFilePath, 

CallerLineNumber = CallerLineNumber 

}; 

s_log[task] = logEntry; 

task.ContinueWith(t => { TaskLogEntry entry; 
s_log.TryRemove(t, out entry); }, 
TaskContinuationOptions.ExecuteSynchronously); 
return task; 

} 

} 
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CjieayiomiiH (jjparMCHT Kona neMOHCTpupyeT Hcnojib30BaHiie KJiacca: 

public static async Task Go() { 

#if DEBUG 

// Mcno^b30BaHne TaskLogger npuBOflUT k amujhmm 3aTpaTaM naMBTu 
// H CHkbKBHMH) np0H3B0AMTeAbH0CTM; BKAlOHUTb AAR OTnaAOHHOM BGpCMU 

TaskLogger.LogLevel = TaskLogger.TaskLogLevel.Pending; 
ttendif 

// 3anycKaeM 3 3aflaMn; aar TecTupoBaHUR TaskLogger ux npoAOAXMTenbHOCTb 

// 3aaaeTCfl rbho. 

var tasks = new List<Task> { 

Task.Delay(2000).Log("2s op"), 

Task.Delay(5000).Log("5s op"), 

Task.Delay(60@0).Log("6s op") 

}J 


try { 

// 0*uflaHne Bcex 3aAaM c OTMeHOM Mepe3 3 cexyHAbi; Tonbxo oflHa 3aAaMa 
// AOA>KHa 3aBepmuTbca b yKa3aHHoe BpeMR. 

// npuMeMaHne: WithCancellation - mom MeTOA pacuinpeHua, 

// onucaHHbiii no3AHee b 3T0ti rnaBe. 
await Task.WhenAll(tasks). 

WithCancellation(new CancellationTokenSource(3000).Token); 

} 

catch (OperationCanceledException) { } 

// 3anpoc MHc|)opMamiM o He3aBepweHHbix 3aAaMax u nx copTupoBKa 
// no y6blBaHMKD npOAOAJKMTeAbHOCTM 0)KUA4HMA 

foreach (var op in TaskLogger.GetLogEntries().OrderBy(tle => tie.LogTime)) 

Console.WriteLine(op); 

} 

IlocTpoiiB m 3anycTHB 3Ty nporpaMMy, a nojiynaio c, : ic/i,yioiuiiii pcay.ibTaT: 
LogTime=7/16/2012 6:44:31 AM, Tag=6s op, Member=Go, 

File=C:\CLR via C#\Code\Ch281I00ps.cs(332) 

LogTime=7/16/2012 6:44:31 AM, Tag=5s op, Member=Go, 

File=C:\CLR via C#\Code\Ch281I00ps.cs(331) 

Hapany c rn6KOCTbio, oovcTOiLTCimnii Hcnojib30BaHiieM Task, aciiHxpoHHbie <})vi lic¬ 
it hit npe/LOCTaBjiaiOT eme o/LHy Toaicy pacmupeHiia: KOMraijiHTop Bbi3biBaeT GetAwaiter 
/yifl onepaH/ia, Hcnojib30BaBinerocH c await. TaKiiM o6pa30M, onepaHa, BOo6m,e He 
o6fl3aH 6biTb o6beKTOM Task; oh mo>kct oTHOCHTbca k jno6oMy THny, co;i,ep>KaiueMy 
MeTO/i GetAwaiter. IIpiiMep Moero co6cTBeHHoro o6beKTa oacimaHHH, CBH3biBaiomero 
KOHCHiibiH aBTOMaT async-MeTona c HinnunipycMbiM co6biTHeM. 

public sealed class EventAwaiter<TEventArgs> : INotifyCompletion { 

private ConcurrentQueue<TEventArgs> m_events = new ConcurrentQueue<TEventArgs>(); 
private Action m_continuation; 

ttregion HneHbi, BbBbiBaeMbie KOHenHbiM aBTOMaTOM 

// KOHeMHblM aBTOMaT CHasaAa BbBbIBaeT 3T0T MeTOA AAR noAyseHUR 

// o6beKTa okmaohur; B03BpamaeM TeKymuii o6beKT 

public EventAwaiter<TEventArgs> GetAwaiter() { return this; } 


npodojiwemie # 



802 QiaBa 28. AcuHxpoHHbie onepau.nn BBOAa-BbiBOfla 


// Coo6maeT kohghhomy aBTOMaTy, npoM30ui/in /in KaKne-/w6o co6biTna 
public Boolean IsCompleted { get { return m_events.Count > 0; } } 

// KoHeHHbiii aBTOMaT coo6uaeT, KaKon MeTOfl AO/i>KeH BbBbiBaTbca no3£Hee; 

// coxpaHneM no/iyMeHHyio nwjiopMaunK) 

public void OnCompleted(Action continuation) { 

Volatile.Write(ref m_continuation, continuation); 

} 

// KoHeHHbiii aBTOMaT 3anpawuBaeT pe3y/ibTaT, kotopnm HB/iaeTca 
// pe3y/ibTaT onepaTopa await 
public TEventArgs GetResult() { 

TEventArgs e; 

m_events.TryDequeue(out e); 
return e; 

} 

ttendregion 

// TeOpeTH4eCKM MO)KeT BbBbIBaTbCfl HeCKO/lbKUMn nOTOK3MH OflHOBpeMeHHOj 
// Korfla Ka>KflbiM nOTOK UHnpunpyeT co6biTue 

public void EventRaised(Object sender, TEventArgs eventArgs) { 
m_events.Enqueue(eventArgs); // CoxpaHeHne EventArgs 

// fl/in B03BpaineHna m 3 GetResult/await 
// Ec/w uMeeTca He3aBepweHHoe npoflo/uKeHne, nOTOK 3a6npaeT ero 
Action continuation = Interlocked.Exchange(ref m_continuation, null); 
if (continuation != null) continuation(); // npoflo/DKei-tne Bbino/meHua 
} // KOHenHoro aBTOMaTa 

} 

CjienyiouiiiH mcto/[ iicnojib3yeT moh KJiacc EventAwaiter /pin B03Bpaiu,eHim H3 
onepaTopa await npn HHHiiHHpoBaHHH co6p>ithm. B ,iaiiiio.\i cjiynae lumc'im.iii aBTOMaT 
npononacaeT BbinojmeHiie npn Bbmane hck'.tio'ichiim jiio6biM noTOKOM b .iomouc. 

private static async void ShowExceptions() { 

var eventAwaiter = new EventAwaiter<FirstChanceExceptionEventArgs>(); 
AppDomain.CurrentDomain.FirstChanceException += eventAwaiter.EventRaised; 

while (true) { 

Console.WriteLine("AppDomain exception: {0}", 

(await eventAwaiter).Exception.GetType()); 

} 

} 

H naKoncn, npiiMep Kona, KOTopbiii noKa3biBaeT, KaK pa6oTaeT 3Ta CHCTe.via: 

public static void Go() { 

ShowExceptions(); 

for (Int32 x = 0; x < 3; x++) { 
try { 

switch (x) { 
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} 


} 


} 

} 

catch 


case 0: throw 
case 1: throw 
case 2: throw 


{ } 


new InvalidOperationException(); 
new ObjectDisposedException(""); 
new ArgumentOutOfRangeException(); 


ACMHXpOHHbie 4>yHKLlMM 
II 06pa60THMKM C06blTMM 

AciiHxpoHHbie <:))yme11nn o6mhho ncnojib3yiOT ran B03BpamaeMoro aiianciniM Task hjih 
T ask<Result>, npc;i,CTaii. ; iMiomiiii 3aBepineHiie koiicmiioio aBTOMaTacfiyiiKHiin. O/piaico 
TaKace bo3moacho onpeACAemie aciiHxpoHHoii (JpyHKipra c B03BpamaeMbiM TiinoM void. 3 to 
oco6biii cjiynaii, KOTopbiii no/mepaciiBaeTCH KOMniuiHTopoM C# /yin ynpomemiH oneHb 
pacnpocTpaHCHHOii cmyaijHH: peajni3aij,HH aciiHxpoHHoro oopaoox'iiii/a co6p>itiim. 

I Io'itip Bee MeTOAbi o6pa6oTHHKOB co6biraH HMeiOT curaaTypy c/ieAyioinei o liii/iyt: 

void EventHandlerCallback(Object sender, EventArgs e); 

Ha npaKTHKe b o6pa6oTHHKax co6hthh aoho. ii.iio nacTO BbinojiHHiOTCH onepamm 
BBOAa-BbiBOAa — HanpiiMep, icor/yi nojib30BaTejib 1p ic./i Kacr Ha ajic.vicm'c nojib30BaTejib- 
CKoro miT(j')())ciica, 'pto6p>i OTKpbiTb(jiaii.x h iipo'ppna'i bH3 Hero pip p>ic. l Ito6p>i nojib30- 
BaTejibCKiiii iiHTepcjteiic peanipoBaji Ha achctbhh nojib30BaTejiH, bboa-bmboa /p,o./i>kci p 
B binOJIHHTbCH aCHHXpOHHO. PICPIO. PP>30 IHI IP PT XP TaKOrO 10/1,3 B MCTOAC OOpaOOT'l IP Itil 

co6biTHH c THnoM B03BpamaeMoro 3HaneHiiH void KOMniuiHTop C# AOJiaceH pa3peniHTb 
acriHxpoHHbiM cjiyHKuiiHM HMeTb B03BpamaeMbiii THn void, HTo6bi onepaTop await MOr 
HCn0/Ib30BaTbCH /p,./l 'A 15 P>l I [O. P I PCI P IP XI IICO/IOK'lipy I0IHI1X 0nepaH,HH BBOAa-BbIBOAa. Koi/ta 
acHHxpoHHaa cjiyHKmra HMeeT B03BpamaeMbiii Tim void, KOMniuiHTop reHepupyeT koa 
C 03AaHiiH KOHenHoro aBTOMaTa, ho He C03AaeT o6'i>cici Task, noTOMy tpo oh bcc paBHO He 
6yAeT HCn0JIb30BaTbCH. no 3T0H lip IP 'til I PC I [CIH)3\10/K 1 10 y3HaTb, TPO KOHenHblii aBTOMaT 
acHHxpoHHoii cfjyHKPUTH, B03BpamaiomeH void, OTpa6oTaA ao aaBepmeHiiH 1 . 


1 ITpH nonHTKe noMeniTb KAioneBbiM caobom async TOiKy BXOAa nporpaMMbi (Main) kom- 
nmiHTop C# BbiAaeT coo 6 meHne 06 onni 6 Ke. Ecjih pa 3 MecnTb onepaTopbi await b MeTOAe Main, 
0 CH 0 BH 0 H noTOK npoijecca BepHeT ynpaBJiemie 113 Main cpa 3 y xe nocjie BbinoJiHeroiH nepBoro 
onepaTopa await. A nocKOjibicy koa, Bbi 3 biBaionieH Main, He MoxceT nojiymiTb o 6 beKT Task aah 
OTCJ ie/KiiBaHiiH h oaciiAaHHH 3 aBepmeHHH, npoijecc npocTO 3 aBepmiiTCH (H 3 - 3 a B 03 BpameHHH 
ynpaBjieHiiH 113 Main), a ocTajibHoft koa Main He 6 yAeT BbinoAHeH. KoMrauiHTop C# cmiTaeT 
noAo 6 Hyio ciiTyaijHio ohih 6 koh h npuHHMaeT Mepbi aah ee npeAOTBpameHHH. 
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AcuHxpOHHbie ({jyHKunn b FCL 

JIhhho MHe Moaeai> aciiHxpoHHbix cfiyiiKHiiu 0'ieiib CHMnaTHHiia, noTOMy mo ee ao- 
bojibho aerKO ocBOHTb, OHa npocTa b iicno. ib.ioisaiinn h i[oaacp>KiiiiacTca mhooimii 
TH naMH 6 h6jihot 6KH FCL. AciiHxpoHHbie (jiyuKuiin cpa3y bhahh b Koac, noTOMy tio 
no aciicTiivioinii.vi corjiameHiiHM ira .vieroaa CHa6acaeTCH eycjxjiiiKCOM Async. B FCL 
MHorne Tnnbi, npeaocTaBaalomnc oneparpni BBoaa-BbiBoaa, raiC/KC ii|)C/y)CTaii. ; micrr 
MeToabi XxxAsync. Hccico. iuko npnMepoB 1 : 

□ Bee npoii3BoaHbie ot System. 10. Stream Kjiaccbi npeaocTaBJimoT MeToabi ReadAsync, 
WriteAsync, FlushAsync hC opyToAsync. 

□ Bee npoii3BOAHbie ot System. 10.textReader KJiaccbi npeaocTaBjniiOT MeTO/pa 
ReadAsync, ReadLineAsync, ReadToEndAsync h ReadBlockAsync. Kaaccbi, npori3- 
BoaHbie ot System. 10. TextWriter, npeaocTaBamoT Meraabi WriteAsync, Write- 
LineAsync hF lushAsync. 

□ Kjiacc System.Net.Flttp.FlttpClient npeaocTaBjnieT MeToabi GetAsync, Get- 
StreamAsync, GetByteArrayAsync, PostAsync, PutAsync, DeleteAsync nap. 

□ Beenpoii3BoaHbie ot System.Net.WebRequest Kaaccbi (BKjnonaH FileWebRequest, 
FtpWebRequest ii FlttpWebRequest) npeaocTaBJiaiOT Meroabi GetRequestStreamAsync 
hG etResponseAsync. 

□ Kaacc System. Data . SqlClient. SqlCommand npeaocTaBJineT MeToaw Exe- 
cuteDbDataReaderAsync, ExecuteNonQueryAsync, ExecuteReaderAsync, 
ExecuteScalarAsync hE xecuteXmlReaderAsync. 

□ HHCTpyMeHTbi (TaKi-ie, KaK SvcUtil.exe), coaaaioiniie imibi npeacTaBHTeaen a.th Be6- 
cayac6, Taioicc reHepnpyiOT MeToabi XxxAsync. 

IIporpaMMHCTaM c onbiTOM Hcnojib30BaHiiH npeabiaymnx Bepcnii .NET Framework 
MoryT 6biTb H3BecTHbi apyrne Moaean aciiHxpoHHoro nporpaMMiipoBamiH — KaK, Hanpn- 
Mep, Moaeab, iicno. ; [p>30Hamiiaa MeToabi BeginXxx n EndXxx b coucTaimn c nHTepcj^eiicoM 
IAsyncResult. TaKXce HMeeTCH co6biTirirHaH Moaeab, ncnoab30BaBmaH MeToabi XxxAsync 
(He ii03iipaiuaioiuiic oobembi Task) c Bbi30BaMH MeToaoB o6pa6oTHHKOB co6biTHii npn 
3aBepmeHiiri aciiHxpoHHbix oneparuni. 3 tii ane Moaean aciiHxpoHHoro nporpaMMiipo- 
BaHiia Tenepb enriTaiOTCJi ycTapeBmriMH, h bmccto hiix peKOMeHayeTca ncnojib30BaTb 
HOByio Moaeab c oo'bCKTa.viii Task. 

IIpocMaTpiiBaH onncaiiiiM KaaccoB FCL, mokho 3aMeTHTb, mo y HeKOTopbix KJiaccoB 
HeT MeToaoB XxxAsync, a bmccto hiix npeaocTaBJiaiOTCJi MeToabi BeginXxx h EndXxx. 
B ochobhom 3to oO'bMciiMCTCM tcm, hto y KOMnaHiiii Microsoft He 6buio BpeMeHii aaa 


1 MeToabi WinRT noaaepaaiBaioT Te *e corjiamemiH 06 HMeHax h B03BpamaroT riHTepcjreHC 
IAsyncInfo. K cnacTbio, .NET Framework noaaepaaiBaeT MeToaw pacmiipeHiiH, KOTopbie npe- 
o6pa3yroT IAsyncInfo b Task. HonoJiHiiTejibHafl HHcjiopMartHH 06 iicnojib30BaHHii aciiHxpoHHbix 
WinRT API c acriHxpoHHbiMii cjryHKiiimMii npriBeaeHa b rjiaBe 25. 



ACMHXpOHHbie Cj)yHKU,MM B FCL 805 


o6HOBJieHiM 3 thx KJiaccoB hobhmh MeTO/taMH. B 6ya,ymeM 3 th KJiaccbi 6yn,yT aopa6o- 
TaHbi, h b hhx iiohbhtch nojiHOiieHHaa no/mepacica hoboh Moneim. A js,o Toro BpeMemi 
MoacHO BOcnojib30BaTbCH BcnoMoraTejibHbiM mcto/i,om, aypim npviomn.vi CTapyio .vio/i,e./i p> 
BeginXxx/EndXxx ana hoboh moacjiii Ha 6a3e Task. 

PaHee a iipnno/pia koa k. inemciforo npiiaoaceHiia, KOTopoe iicpc/tacr 3anpoc no 
HMeHOBaHHOMy KaHaay. Ilopa npHBec - ™ cepBepHyio CTopoHy 3Toro Ko;i,a. 

private static async void StartServer() { 
while (true) { 

var pipe = new NamedPipeServerStream(c_pipeName, PipeDirection.InOut, 1, 
PipeTransmissionMode.Message, PipeOptions.Asynchronous | 

PipeOptions.WriteThrough); 

// AcviHxpoHHbiM npHeM K/lHeHTCKOTO nOAKiuoMeHHH. 

// nPUMEHAHME: NamedPipeServerStream ncno.nb3yeT CTapyio MOflenb 
// acuHxpoHHOro nporpaMMMpoBaHMa. 

// f\ npeo6pa3yio ee k hobom Moae/w Task npn noMomu MeToaa 
// FromAsync xaacca TaskFactory. 

await Task.Factory.FromAsync(pipe.BeginWaitForConnection, 
pipe.EndWaitForConnection, null); 

// Flasa.no obcnyucMBamia KnueHTa; ynpaBnemie B03BpamaeTca HeMeaaeHHO, 

// nOTOMy mto onepapuB BbinoaHseTca acuHxpoHHO. 

ServiceClientRequestAsync(pipe); 

} 

} 

B KJiacce NamedPipeServerStream onpeneaeHbi MeroAbi BeginWaitForConnection 
h EndWaitForConnection, ho eme we onpe/ieaeH MeTOA WaitForConnectionAsync. 

OacHnaeTca, tio stot mctoa 6vact /[,o6an. roii b 6vav iiicii iicpcim FCL. BnponeM, if a if 
BiiflHO H3 npenbinymero KOAa, a Bbi3biBaio MeTOA FromAsync Kjiacca TaskScheduler, 
iicpcAaio e.vty HMeHa mctoaob BeginXxx h EndXxx, a mctoa FromAsync co3naeT o6beKT 
Task, KOTopbiii hii.tmctch «o6epTKOH» ana sthx mctoaob. Tenepb o6beKT Task moacho 
Hcnoab30BaTb c oneparapoM await 1 . 

/Lia CTapoii co6biTHHHOH moacm h nporpaMMiipoBaHiia b FCL iict BcnoMoraTeab- 
Hbix MeTOAOB, a/uun upyiomnx otv moacmi> k hoboh moacmii Ha 6a3e Task, iioaio.My BaM 
npnac'iCM nporpaMMHpoBaTb hx ispy'iiiyio. C.ieayioiuiin koa noKa3biBaeT, if a if ynaifo- 
BaTb o6beKT WebClient (ncnojib3yiomiiH co6biTHiiHyio MOAeab nporpaMMiipoBaHiia) 
c o6beKTOM TaskCompletionSource, HTo6bi Aaa Hero moacho 6buio Bbi3biBaTb await 

B aCHHXpOHHOH (JiyHKHHH. 

private static async Task<String> AwaitWebClient(Uni uri) { 

// Knacc System.Net.WebClient noflAepxMBaeT co6biTmiiHyK) Moaenb 

npodojiMenue # 

1 Y MeToaa FromAsync Kjiacca TaskScheduler HMeiOTca neperpyaceHHbie Bepcini, noaynaiomiie 
IAsyncResult, a Taicace neperpyaceHHbie Bepcrni, nonyuaiomiie aeJieraroB ajih mctoaob BeginXxx 
h EndXxx. ITo B03MoacHOCTii nocrapaiirecb H36eraTb Bepcrni c IAsyncResult, nOTOMy uto ohh 
M eHee acjajieKTiiBHbi. 
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// acuHxpoHHOro nporpaMMkipoBaHna 
var wc = new System.Net.WebClientQ; 

// Co3flaHne o6beKTa TaskCompletionSource n ero BHyTpeHHero o6beKTa Task 
var tcs = new TaskCompletionSource<String>(); 

// npn 3aBepmeHMM 3arpy3KM ctpokm o6beKT WebClient MHupnnpyeT 
// co6biTne DownloadStringCompletedj 3aBepwaK)iiiee TaskCompletionSource 
wc.DownloadStringCompleted += (s, e) => { 
if (e.Cancelled) tcs.SetCanceledQ; 
else if (e.Error != null) tcs.SetException(e.Error); 
else tcs.SetResult(e.Result); 

}; 


// Hasa/io acHHxpoHHoti onepapun 
wc.DownloadStringAsync(uri); 

// Tenepb mn MOxeM B3«Tb o6beKT Task m 3 TaskCompletionSource 
// u o6pa6oTaTb pe3y/ibTaT o6biMHbiM cnoco6oM. 

String result = await tcs.Task; 

// 06pa6oTKa ctpokm pe3y/ibTaTa (ec/in HyxHo)... 

return result; 

} 

ACHHXpOHHbie 4>yHKUHH H MCKJ1IOH6HMS1 

Ecjih npn o 6 pa 6 oTKe ;i,paii BepoM ycTponcTBa acuHxpoHHOro 3anpoca 'ito-to noii/tCT He 
TaK, Windows HyacHO npoiiHtjiopMHpoBaTb 06 stom npiuioaceHiie. K npimepy, npencTa- 
bhm, tio npii nepe/ui'ic oairroii no ceTH npoH30ineji Taii.vi-ayT. Ecjih namrbie He npHinjiH 
BOBpeMH, upaiiBep ycTpoiicTBa coodmaeT BaM, hto aciiHxpoHHan onepaniiH 3aBepmiuiacb 
c oihh6koh. JXj ih 3toto oh OTnpaBjnieT nnoiibiii IRP-naKeT b CLR-nyji noTOKOB, a no- 
tok nyjia 3aBepinaeT ootiCkt Task c iick.tio'h'iiiicm. npii B03o6HOBjieHini m.ino. iiiemiM 
KOHenHoro aBTOMaTa onepaTop await biiuht, hto nonbiTKa BbinojmeHiiH oncpanHH 6 buia 
HeynanHOH, h isbi;i,acT hckjiiohciihc. 

B rjiaBe 27 n roBopiui o tom, tio odbeKTbi Task o 6 bnmo iiHimiiiipyiOT iick.tio'ktiiic 
A ggregateException, a jum nojiyneHim initjxip.viauiiii o peajibHbix iinc. iio'iemiMx cjie- 
;1 vct odpaTHTbcn k CBOiicTBy InnerExceptions stoto iiCKMio'iemiM. O/piaiai ripn hc- 
nonb30BaHiiii await c Task bmccto AggregateException BbmaeTcn nepBoeBHyTpeHHee 
HCKJHoneHiie 1 . 3 to 6 buio c/iyaai 10 /yin toto, 'ito6p>i noBeneHiie i<o;i,a cooTBeTCTBOBajio 
oacHnaHHHM paa.padoT'inKa. KpoMe toto, 6e3 stoto BaM npiiinnocb 6 bi nepexBaTbiBaTb 
AggregateException b BaineM ko jxe, npoBepHTb BHyTpeHHee ncK.Tio'icmie h jih6o nepe- 

XBaTblBaTb CTO, JUl 6 o BbmaBaTb 3aHOBO. Ot 3TOTO KOA CTaHOBIITCH CJUIIHKOM Tp0M03/I,KHM. 


1 


JXi ih jno6o3HaTejiBHbix: 3 to nejiaeT Metoa GetResult KJiacca TaskAwaiter. 
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Ecjiii Barn mctoa KOHeuHoro aBTOMaTa CTaAKimaeTOi c Heo6pa6oTaHHbiM ncKAioue- 
HiieM, to o6i>eKT Task, npeACTaBAmoiumi acimxpoHHyio cjiyHKumo, 3aBepinaeTca ii3-3a 
Heo6pa6oTaHHoro ucKAioueHmi. JIio6oh koa, oxuTAaronuui 3aBepmeHiw 3Toro o6 - beKTa 
Task, <<yBii/iiiT>> 3to iicKiuoueHHe. O/iHaico acimxpoHHaa cjiyHKumi TaKace MoaceT iiMCTb 
B03BpamaeMbiii Tim void; b otom caynae Bbi3biBaiomaH CTopoHa He MoaceT o6HapyaciiTb 
Heo6pa6oTaHHoe iicKAroueHiie. TamiM o6pa30M, npu BbiAaue Heo6pa6oTaHHoro iicKAroueHiui 
aciiHxpoHHoii 4iyHKHHCH, B03Bpaiuaioiueii void, creHepiipoBaHHbiii KOMmijiHTopoM koa 
nepexBaTHT ero h BbmacT 3aHOBO c ncnoAb30BaHiieM KOHTeKCTa CHHxpoHiraauHH ctopohm 
Bbi30Ba (cm. Aajiee). Ecaii CTopoHa Bbi30Ba iicnoAHHeTCH b noTOKe rpacjuraecKoro iiHTep- 
(Jjeiica, to HCKAioueHiie 6yAeT nepe3anym,eHO noTOKOM rpatjuiuecKoro iiHTeptJieiica. 06mhho 
noBTopHoe HHHUHHpoBaHHe HCKJHOHeHHH npiiBOAHT k 3aBepmeHiiio Bcero npouecca. 


Apyme bo3mo>khoctm acnHxpoHHbix c|>yHKi|MM 

B 3tom pa3,TC. : ie pen. 11 oii/LCT o ncKOTopi.ix AonoAHiiTeAbHbix bo3moachocthx acimxpoH- 
Hbix (jiyHKUHH. IloAa,epacKa OTjiaAKii acimxpoHHbix (jiyiiKUuir b Microsoft Visual Studio 
peajni30BaHa npocTO 3aMeuaTeabHO. Korea oraa/i/niK ocTaHOBJieH Ha onepaTope await, 
nomaroBoe BbinoAHemie (F10) ocymecTBjiaeT nepexoA b oTjia/euiK npu AOCTnacemui 
cjiCAyromeii KOMaH/u>i nocae 3aBepmeHira onepaumi. IIpii stom koa MoaceT BbinoAHHTbcn 
Aaace b ApyroM noTOKe, a hc b tom, KOTopbiii iiHiiumipoBaji onepaumo! Taicoe noBCAemie 
oueHb yAodHO h cymecTBeHHO ynpomaeT OTAaAKy. 

KpoMe Toro, npu nomaroBOM BbinoAHeHiiii c 3axoAOM (F11) b acimxpoHHyio (jiyHKumo 
MOaCHO BbIHTH H3 (})VI[KTU1 II, BepHyBmilCb Ha CTOpOHy BbI30Ba (Shift+FI 1 ); HlipO'ICM, 3TO 
AoaacHO 6biTb c/i,c. : iaiio Ha OTKpbiBaiomeii (jiiirypiioii cko6kc aciiHxpoHHoii (jiymauin. 
IIocAe ee npoxoacAemra KOMdiuiauna Shift+F11 hc 6yAeT padoTaTb, noKa acimxpoHHaji 
(|)yHKHH>T hc OTpa6oTaeT ao 3aBepmeHim. Ecaii BaM noTpedyeTCH OTAaAHTb Bbi3biBaiomHH 
MeTOA ao Toro, KaK KOHeuHbiii abtomat OTpadoTaeT ao 3aBepmeHiia, ycTaHOBHTe TOHKy 
npepbiBaHHH b Bbi3biBaiomeM MeTOAe h isk. iio'ih ic koa Ha m.mo. iiieime (F5). 

EleKOTopbie acimxpoHHbie onepaumi bmhoahhiotcji oueHb dbiCTpo, a, CAeAOBaTCAbHO, 
3aBepmaiOTCH nouTii mthobchho. B TaKiix CHTyaumix HescjxjieKTiiBHO npiiocTaHaBAiiBaTb 
KOHeuHbiii aBTOMaT, UTodbi Apyroii noTOK hcmcaachho bo3o6hobiia ero BbinoAHemie; ro- 
pa3AO scjicjieKTiiBHee npocTO pa3pemiiTb KOHeuHOMy aBTOMaTy npoAOAaciiTb BbinoAHemie. 
K C'lacTi.io, koa, crcncpiipoBaHHbiH KOMnmiflTopoM aah onepaTopa await, npoBepueT 
riOAOoiii.ie CHTyauHH. Ecah acimxpomian onepaumi aaiiepmac'ica HenocpeACTBeHHO 
nepeA B03BpaT0M ynpaBAemra H3 noTOKa, noTOK hc B03BparuaeT ynpaBAeHiie, a npocTO 
BbinoAHneT CAeAyioiuyio CTpoKy KOAa. 

Bee 3to, Konenio, xopomo, ho epcMM ot BpeMemi iiona/uno'iCH acimxpoHHbie cjiymc- 
Uiiii, KOTopbie BbinoAHHiOT 3 iia'niTC.;ibiibi(‘ BbiuiiCAeram nepeA 3 anycKOM aciiHxpoHHoii 
onepaumi. Ecaii Bbi 3 BaTb TaKyio cjiyHKumo H 3 noTOKa rpacjuiuecKoro iiHTepcjieiica Bamero 
npuAoateHmi, iimepijierk: nepecTaHeTpeanipoBaTb Ha achctbitm ii(). ; u,;iObaTC.;iH. Accah 
aciiHxpoHHan onepaumi 3 aBepmaeTCH cimxpoHHO, to noAb 30 BaTeAbCKini iiHTepijieHC 
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oy/tcx He/i,ocTyneH b Tcpeniie eme Sojibinero BpeMemi. TaKHM o6pa30M, ecu 11 bm xothtc 
HHH pHHpoBaTb aciiHxpoHHyio (})y 11 ici in io ii3 npyroro noTOKa, Hcnojib3yHTe CTaTietecKiiii 
MCi'o/i Run Kjiacca Task: 

// Task.Run BbBbiBaeTca b noTOKe rpa^niecKoro niHTep<|)eiica 
Task.Run(async () => { 

// 3tot KOfl Bbino/iHRGTca B nOTOKe n3 nyna 
// TODO: noflroTOBMTeubHbie Bbrnuc/ieHna... 

await XxxAsync(); // HHnpnnpoBaHne acuHxpoHHoPi onepapnn 
// npoflo/DKeHne o6pa6oTKM... 

}); 

B 3 tom Kojs,e npo/ieMOHCTpiipoBaHa eme OAHa nojie3Haa B03M0XH0CTb C#: aciiHxpoHHbie 
,/ih MOaa-HbipacKei p n a. JXeno b tom, hto onepaTop awat ne.TP>3M npocTO noMecTHTb b Tejio 
o6biHHoro jiHM6Aa-BbipaaceHiiH, noTOMy hto KOMmijiHTop He cmoacct npeo6pa30BaTb mctoh 
b KoucHHbiit aBTOMaT. Pa3MemeHiie async iicpe/i,. : ui.\i6/i,a-BbipaaceHne.vi 3acTaBHT komiih- 
jihtop npeo6pa30BaTb jiav^Aa-Bbipaacemie b motoh kohchhoto aBTOMaTa, B03BpamaiomHH 
,ii pa’fci p ne Task hjih Task<TResult>, KOTopoe mo>kct 6biTb npncBoeHO .Tiofioii AejieraTHoii 
nepeMeHHofi Func c thiiom B03BpamaeMoro .aiiancnHir Task iijih TaskcTResultx 

IIpii HanucaHHH Ko;i,a oueiii. jictko Bbi3BaTb (jpyuKuiiio async, 3a6biB 06 ncnojib30- 
BaHiiii onepaTopa await: 

static async Task OuterAsyncFunctionQ { 

InnerAsyncFunction(); // B 3T0ii CTpoxe nponyueH onepaTop await! 

// Kofl npoflo/DKaeT Bbino/iHUTbca, xax m InnerAsyncFunction... 

} 

static async Task InnerAsyncFunctionQ { /* ... */ } 

K cnacTbio, b TaKHx CHTyau,HHx KOMnujiHTop C# isbi/i,acT n|)e/[,yiipc>K;i,eiiiie h npea- 
jiaraeT npiiMeHiiTb onepaTop await k pe3yjibTaTy Bbi30Ba. 3 to xoporno, ho b ot/i,c.ti>i[i>ix 
cjiynaax Bac AeHCTBHTejibHO He HHTepecyeT, Koiyi,a 3aBepuiHTCJi InnerAsyncFunction, 
h Bbi 6bi npeypiOHJiH ncnojib30BaTb 3 tot koa 6e3 npeAynpeagteHiiH KOMmuiHTopa. HTofibi 
H36aBHTbCH ot npeAynpeacAeHHH, npocTO npiiCBoiiTe nepeMeHHOii o6beKT Task, B03Bpa- 
meHHbiii InnerAsyncFunction. B /uuipaieiiiiiCM nepeMeHHyio moacho uraopupoBaTb 1 . 

static async Task OuterAsyncFunction() { 

var noWarning = InnerAsyncFunction(); // CTpoxa 6e3 await 

// 3tot KOfl npoflon>KaeT Bbino/iHfiTbcB, xax n koa InnerAsyncFunction... 

} 

A h npennoHHTaio onpenejiHTb mctoa pacmupeHira, KOTopbiii BbirjiHUHT TaK: 

[MethodImpl(MethodImplOptions.Aggressivelnlining)] // 3acTaBAaeT KOMnnnaTop 

// y6paTb Bbi30B npn onTHMH3apnn 

public static void NoWarning(this Task task) { /* He coflepjKUT KOfla */ } 


1 K cuacTbio, KOMnujiHTop He BbiaaeT npeAynpexAemiH o tom, hto jtoKajibHan nepeMeHHaa He 
iicnojib3yeTCH b nporpaMMe. 
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/lajiee mcto/i, Hcnojib3yeTCH cjieAyiomHM o6pa30M: 

static async Task OuterAsyncFunctionQ { 

InnerAsyncFunction().NoWarning(); // CTpoKa 6e3 await 

// Kofl npoAO/iwaeT BbinoAHBTbca, xax w InnerAsyncFunction... 

} 

y acnHxpoHHbix onepapHH BBOAa-BbiBOAa ecTb 0/1,1 la AeftcTBHTejibHO aa.viC'taTC/ibiia/i 
OCo6eHHOCTb: Bbl MO/KCTC HHHUHHpOBaTb Cpa3y HeCKOJIbKO OnepaiiHH, HToObI OHII Bbl- 
nojiHHJiiicb napajiJie/ibHO. 3 to mo>kct oocciicpiitP) <)p cn().vtcpp;i,rr>ppr> 1 ii npupocT npon3BO- 
/p,HTe/ibHOCTH npHjioaceHHH. H eme mtiype He iipmpo/pn.T ko/p, KOTopbifi 3anycKaeT moh 
cepBep HMeHOBaHHoro KaHajia, a 3aTeM oOpanpaeTCH k HeMy c K/meHTCKHMH 3anpocaMH. 
Bot KaK oh m.ii/Ta/pii'i : 
public static async Task Go() { 

// 3anycK cepBepa HeMeA-fieHHO B03BpaiipaeT ynpaBnemne, noTOMy mto 
// cepBep oxnflaeT KAueHTCKae 3anpocbi b acuHxpoHHOM pexuiMe 
StartServer(); // Bo3BpaupaeT void, KOMnniAATop BbiflaeT npeAynpe>KAeHne 

// Co3flaHne Ha6opa acnHxpoHHbix kamghtckmx 3anpocoB; 

// coxpaHaeM Task<String> Ka>KAoro K/inGHTa. 

List<Task<String>> requests = new List<Task<String>>(10000); 
for (Int32 n = 0; n < requests.Capacity; n++) 

requests.Add(IssueClientRequestAsync("localhost", "Request #" + n)); 

// AcuHxpoHHoe o*uflaHMe 3aBepweHUR Bcex K/ineHTCKnx 3anpocoB 
// BHMMAHME: ecnu 1+ 3aflaHHM BbiflaflyT ucK/iKPHemne, 

// WhenAll 3aH0B0 MHupuupyeT noc/ieflHee ucK/iiOMeHne 
String[] responses = await Task.WhenAll(requests); 

// 06pa6oTKa Bcex 3anpocoB 

for (Int32 n = 0; n < responses.Length; n++) 

Console.WriteLine(responses [n]) ; 

} 

Koa 3anycKaeT cepBep HMeHOBaHHoro icaiia/ia, 'ito6p>i oh HaniiHaji npoc/iynmiiamie 
PCTHCPPTCKiTX 3anpocoB, a 3aTeM b LpiKJie for iiPimpHiipycT 10 000 3anpocoB c MaKCii- 
Ma/ibHO B03MOACHOH CKopocTbio. IIpn KaacAOM Bbi30Be IssueClientRequestAsync 
B03Bpam,aeTCH oobdcr Task<String>, KOTopbi0 /to6;pis.r j-ictx/j-i b KomieKipiiio, Tenepb 
cepBep HMeHOBaHHoro icai iajia c MaKCHMajibHO bo3moachoh CKopocTbio o6pa6aTbiBaeT 
3 th 3anpocbi, Hcnojib3ya noTOKii H3 nyjia, KOTopbie nbiTaiOTCH ofieciicpmi) MaKCHMajib- 
Hyio 3arpy3Ky Bcex npoipeccopoB Ha Maimrae 1 . IIo Mepe toto, KaK cepBep o6pa6aTbiBaeT 
KaacAbiH 3anpoc, o6beKT Task<String> Ka/ic/poi'o 3anpoca 3aBepmaeTCH co CTpoKOBbiM 
OTBetoM, B03BpaiLpeHHbiM cepBepoM. 


1 3aHHTHoe HaO/no/peHne: KOP/aa a TecTHpoBaa stot ko/p, Ha CBoeii Mamime, 3arpy3Ka npopeccopa 
Ha MoeM 8-npoijeccopHOM KOMnbioTepe, ecTecTBeHHo, /poxoAiijia no 100 %. Tax KaK Bee npoipec- 
copbi 6 hjih 3aHHTbi, ManniHa HarpeBajiacb, h myM ot BeHTiijiHTopa cTaHOBiijpca cn/ibHee! Ilocjie 
3aBepmeHHa o6pa6oTKii 3arpy3Ka npopeccopa cHuxcajiacb, n BeHTiijiHTop toxe 3aTiixaji. 
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B npeAbwymeM Kone a xotcji ,a,oac,a,aTbCH nojiyiemi h otbctois Ha Bee kjihchtckhc 
3anpocbi, 11poic/ie mom nepexo/iHTb k o6pa6oTKe pe3yjibTaTOB. fi, jih 3Toro a Bbi3biBaji 
CTaTHHecKHH mcto/p, WhenAll Kjiacca Task. Bo BHyTpeHHeii pcajiiT.aanTTH iipc;i,CTaii./iciiiiii 
3 tot MeTOA C03/i,aeT o6 - bCKT T a sk<St ring [ ] >, KOTopbiii 3aBepmaeTca nocjie 3aBepmeHiia 
Bcex oo'PiCKTOi; Task H3 kojtjtckuhh List. 3aTeM onepaTop await Bbi3biBaeTca /yia o6i>- 
eKTa Task<Stning [ ] >, hto6m KOHeaHbiii aBTOMaT npoAOJiaciui pa6oTy nocjie Bbinojme- 
Hiia Bcex aa/ui'P. H nocjieAOBaTejibHO nepe6Hpaio OTBeTbi h o6pa6aTbiBaio hx (Bbi3biBaa 
Console.WriteLine). 

Bo3mo5Kho, Bbi 3axoTi-iTe o6pa6oTaTb Kaac/ibiii 3anpoc no Mepe nocTynjiemia — bmccto 
T oro, Tpooiii ;i,o>Kn;i,a'i P)C!.i hx aaiiepiiieiiiiH. 3xa aa/yta pemaeTca iiom p ip TaK ace npocTO 
npn iioMomn cTanraecKoro MCTO/i,a WhenAny Kjiacca Task. OoiPoii. ieiiiiaH Bcpcna KO/i,a 

BbirjIHAHT TaK: 

public static async Task Go() { 

// 3anyci< cepBepa HeMefl/ieHHO B03BpamaeT ynpaB/iemne, noTOMy mto 
// cepBep oxnflaeT K/iweHTCKne 3anpocbi b acuHxpoHHOM pexuiMe 
StartServerQ; 

// Co3flaHne Ha6opa acuHxpoHHbix K/iineHTCKinx 3anpocoB; 

// coxpaHBeM Task<String> Ka*floro k/pughtb . 

List<Task<String>> requests = new List<Task<String>>(10000); 
for (Int32 n = 0; n < requests.Capacity; n++) 

requests.Add(IssueClientRequestAsync("localhost" J "Request #" + n)); 

// npoflo^xeHne c 3aBepweHneM KAJKflOfi 3aaaHn 
while (requests.Count > 0) { 

// noc/ieflOBaTe/ibHafl o6pa6oTKa Ka>Kfloro 3aBepweHHoro OTBeTa 
Task<String> response = await Task.WhenAny(requests); 

requests.Remove(response); // Yfla/ieHne 3aBepweHHoti 3aflaMn m 3 KO/i/ieKunn 

// 06pa6oTKa oahoto OTBeTa 
Console.WriteLine(response.Result); 

} 

} 

3necb a co3/iaio uiikji while, nepe6iipaK>miiii KjraeHTCKHe 3anpocbi. B uiiKJie onepaTop 
await Bbi3biBaeTcanaa MeTona WhenAny Kjiacca Task, KOTopwii B03BpamaeT o/liih o6x>eKT 
Task<Stning> a,jia KJineHTCKoro 3anpoca, o6pa6oTaHHoro cepBepoM. I Ioc.tc nojiyaeHiia 
o6 - beKTa Task<Stning> a iicic. iio'iaio ero H3 ico./p./pciciiptit, aaaxcM 3anpamiiBaio pe.3y ainaT 
/yia o6pa6oTKH (nepenamr Console .WriteLine). 


rioTOKOBbie MOfle/in npunoxem/m 

B .NET Framework no/mepacriBaiOTca pa3Hoo6pa3Hbie Moneim npHjioaceHHH, Kaacnaa 
H3 KOTopbix MoaceT npenaoacHTb co6cTBeHHyio noTOKOByio mo/p,c.t p>. Ko i ico./i i>i i i>i c npn- 
jioaceHira h Windows-cjiyac6bi (Kotopbie <|:)aiciTi'iecKn toace hbjihiotch icoipco.pi>ipp>i\tpi 
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npiuioaceHiiHMii, npocTO bh He bhahtc KOHCOAb) He HaBH3bmaiOT HmcaKoii noTOKOBofi 
MOAejin; to ecTb noTOK mo>kct ^ejiaTb bcc, hto oh xo'ici' ii Kor/i,a xcict. 

Oaiiaiai ii|)ii.io>KeiiiiM c rpacIwiccTaiM nojib30BaTejibCKHM nmep())ciico.vi (GUI), 
b tom HHCJie npujioaceHHH Windows Forms, Windows Presentation Foundation (WPF), 
Silverlight h Windows Store, npeAAaraiOT Taicyio MOAeAb, b KOTopoii o6hobjihtb okho 
moacho TOJibKO co3AaBmeMy ero noTOKy. GUI-noTOKii odbiuHO nopoacAaiOT acimxpoHHbie 
oiicpaipiH, nTodbi npeAOTBpaTHTb 6jioKiipoBKy h He AonycTHTb OTcyTCTBHH pcaKUHH 
HHTepc[)eHca Ha cpeACTBa nojib30BaTejibCKoro BBOAa — Mbinib, KJiaBiiaTypy, nepo, ceHCop- 
Hbiii aicpaii. O.riiaia) npn 3aBepmeHiin acriHxpoHHoii oncpauiin noTOK nyjia 3aBepmaeT 
odneKT Task, bo3o6hobjhm padoTy koiicmiioio aBTOMaTa. 

JXj ih HeKOTopbix ii|)ii./io'/i(cmiii TaKoe iione/icmie HopMajibHO h Aaace acejiaTejibHO, 
noTOMy 'no oho 3(})(})cicni bho. Ho aa a apynix moacacm npruioaceHiiii (HanpriMep, 
npruioaceHiiii c rpacJiHuecKHM riHTepcjieHCOM) oho co3AaeT npodneMbi, noTOMy hto koa 
B biAaeT hckaiohch nc npn nonbiTKe oonmraemis-i ajiCMCinon rio. r f>;io naax'jrF jCic<) i r> riHTep- 
(jiciica 'fcpea noTOK H3 iiyaa. HHorAa rioc./rc/urnii aoaacch ioikum-to o6pa30M 3acTaBHTb 
rpacj^HuecKiiii noTOK ooiiob. imti, 3AC.viem i>i noAb30BaTeAbcicoro iniTcpcjieiica. 

npnAoaceHHH ASP.NET no3BOAHiOT . iiooom v noTOKy AeaaTb Bee, tio yroAHO. I lanan 
oopaoaTbiiwn b kahchtckhh 3anpoc, noTOK nyjia mo/I(ct BbidpaTb noAb30BaTeAbCKHe 
perriOHajibHbie craHAapTbi (System. Globalization. Culturelnf o), no3BOJiiiB cepBepy 
ocymecTBHTb npriHHTbie b paccMaTpi-iBaeMOM pernoHe (JiopMaTbi nuceA, ast h BpeMCHH 1 . 
Taicace Be6-cepBep moacct onpeACAiiTb HAeHTHcjuiKaruioHHbie AaHHbie KAiienra (System. 
Security. Pnincipal. IPrincipal), npeAOCTaBHB eMy AOCTyn TOJibKO k tcm pecypcaM, 
Ha KOTopbie y Hero ecTb npaBa. I lopoacAeimaa oahhm noTOKOM nyaa aciiiixpoimaa one- 
paniia 3aKaHUHBaeTCH ApyrriM noTOKOM, KOTopbiii odpadaTbmaeT ee pe3yAKraT. Xoth 3Ta 
padoTa h BbinojiHaeTCH no nopyueHmo KAiieHTCKoro 3anpoca, peniOHajibHbie CTaHAapTbi 
h HAeHTiicJ)HKaiuiOHHbie AaHHbie KaneHTa AoaacHbi <<nepexoAHTb» k HOBOMy noTOKy nyaa, 
UTodbi bch padoTa, BbinoAHaeMaa no nopyuemiio KAiieHTa, iicn0Ab30Bajia peniOHaAbHbie 
CTaHAapTbi h HAeHTH(jniKan,HOHHyio HH4)opMan,Hio KAHenra. 

K cnacTbio, b FCL onpeACACH da 30 Bbiir rcaacc System. Threading. Synchronization - 
Context, no3BOJiHiomHH pemiiTb bcc onucaHHbie npodaeMbi. Odbeier, npoH3BOAHbiii ot 
3Toro i(.;iacca, CBH3breaeT iipmcia/uivio MOACAb c noTOKOBofi. B FCL HMeeTcn rpynna 
KAaccoB, npoii3BOAHbix ot KAacca SynchronizationContext, ho odbinHO HanpuMyio 
ohh He iicii(). ; ib3vioTCH; doAee Toro, MHorne H3 hiix Aaace He AOKyMeHTiipoBaHbi. 

B ochobhom pa3padoTUHKaM npiiAoaceHHH He HyacHO Hiiuero 3HaTb o KAac- 
ce SynchronizationContext. npn Bbi30Be await aah Task ncnoAb3yeTCH odbeicr 
SynchronizationContext Bbi3biBaiomero noTOKa. KorAanyAnoTOKa3aBepmaeT odbeKT 
Task, HcnoAb3yeTCH odneKT SynchronizationContext, odcciiciiibaioiniiii coo'meTCTbuc 
noTOKOBoii h npriKAaAHoii moacah. TaKiiM odpa30M, KorAa GUI-noTOK BbinoAHneT 
await aah Task, koa, CAeAyromiiii 3a oneparapoM await, 3aBeAOMO dyAeT HcnoAHeH 
b GUI-noTOKe, hto no3BOAneT otomv KOAy odHOBHTb .uieMem bi noAb30BaTeAbCKoro 


1 HonoAHHTeAbHaa HHcjiopMaiiHH no AaHHoii TeMe HaxoAHTCH no aapecy http://msdn.microsoft. 
com/ru-ru/library/bz9tc508.aspx. 
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HHTepc^efica. J\jik npiiAoaceHiiii ASP.NET koa, CAeAyromHii 3 a onepaTopoM await, 3 a- 
BeAOMO ISlilllO. lllMCICM B I(VAC nOTOKa, C KOTOpbIM CBH3aHbI perilOHajIbHbie CTaHAapTbl 
h HAeHTi«|)iiKaLi,iiOHHbie ,'i.ai111 p>ic K. uiema. 

B oaii.iimiiCTBC CAyuaeis Boaooiioii. icimc pa6oTbi koiic'iiioio aBTOMaTac iicuo.titso- 
BamieM noTOKOBoii moaca ii npwjio>KCiin>T 'tpeaiibi'iaiiiio iio./ic;ii[o h yao6ho. BnponeM, 
b OTAejibHbix CAynaax oho choco6ho co3AaTb npo6ACMbi. CACAyiomiiH npimep Bbi3biBaeT 
B3aHMHyio OAoiaipomcy npiiAOAceHim WPF: 

private sealed class MyWpfWindow : Window { 

public MyWpfWindow() { Title = "WPF Window"; } 

protected override void OnActivated(EventArgs e) { 

// 3anpoc CBOiicTBa Result He no3BO/ineT GUI-nOTOKy BepHyTb ynpaB/ieHine; 

// nOTOK 6/iOKupyeTcn B oxMflaHun pe3y/ibTaTa 

String http = GetFlttp().Result; // CMHxpoHHoe no/iyneHne ctpokm 
base.OnActivated(e); 

} 

private async Task<String> GetFIttpQ { 

// Bbiaana 3anpoca FITTP u B03BpaT n3 GetFIttp 
FlttpResponseMessage msg = await new 

FlttpClient (). Get Async ("http: //Wintellect. com/"); 

// B 3Ty TOHKy Mbi HMKorfla He nonafleM: GUI-noTOK ojKHflaeT 3aBepweHnn 
// 3Toro MeTOfla, a MeToa He MOweT saBepuiHTbcn, noTOMy hto GUI-noTOK 
// ojKHflaeT ero 3aBepuieHna > B3AHMFIAfl B/10KMP0BKA! 

return await msg.Content.ReadAsStringAsync(); 

} 

} 

Pa3pa6oTHiiKii, co3AaiOHiiie 6 h6ahotckh KjiaccoB, onpeACACHHO aoaachm 3HaTb o Kjiac- 
ce SynchronizationContext. 3 to ho3boaht hm co3AaBaTb BbicoKonpoH3 isoaiptcap>iii.i ii 
koa, pa6oTaiomHH co bccmh moacafim ip pi|)pt. po>pcci p it ii. TaK KaK 6o. i i>i i pti fp nacTb 6 h6aho- 
TenHoro KOAa He 3aBHCHT ot moaca pi ii|)ii.TO>i(eiiiiH, HaM xo'icjioci) 6bi pi.36e>icap p> AonoA- 
HiiTeAbHbix 3aTpaT, CBH3aHHbix c pici po.i ii.io iHii i ii cm o6beKTa SynchronizationContext. 
KpoMe toto, pa3pa6oTHiiKii 6n6AiiOTeK kaaccob aoaachm CACAaTb bcc B03MO»CHoe, hto6h 
noMOHb pa.apaoo'P'iii iai.yi npiiAoaceHiiH ii36e>i;aTP> CHTyaiiim B3anMH0ii 6 .tokh|)oiskh. 
/Hah pemeHHH ooenx npo6AeM KAaccbi Task h Task<TResult> npeAOCTaBAHiOT mctoa 
C onf igureAwait c ciiraaTypoH CACAyiomero BHAa: 

// Task onpeflenneT MeToa: 
public ConfiguredTaskAwaitable 

ConfigureAwait(Boolean continueOnCapturedContext); 

// Task<TResult> onpeflenneT MeToa: 
public ConfiguredTaskAwaitable<TResult> 

ConfigureAwait(Boolean continueOnCapturedContext); 

IIpii nepeAane true mctoa bcact ce6a TaK, KaK ecAH 6bi oh BOo6me He Bbi3BaA- 
ch. Ho ecAH nepeAaTb aipa'ienue false, to onepaTop await He 3anpamiiBaeT o6beKT 
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SynchronizationContext Bbi3biBaiomero noTOKa, a Korna noTOK nyjia 3aBepmaeT 3a- 
aaHiie Task, to npoiicxo,a,HT npocToe 3aBepmeHiie c BbinojiHemieM Kona nocjie onepaTopa 
await 'icpea noTOK nyjia. 

Xoth Moii mcto/i GetHttp He bxoaht b 6H6jraoTeKy KiiaccoB, 11 po6.Te.via B3ariMHOii 
6jiOKiipoBKii ncacaacT npn Ao6aBjrcnnM bmsobob ConfigureAwait. HaMCneiinaM Bepcira 
MeTO/i,a GetHttp BbirjiHAHT TaK: 

private async Task<String> GetHttpQ { 

// Bbiaana 3anpoca HTTP n B03BpaT m 3 GetHttp 
HttpResponseMessage msg = await new 

HttpClient().GetAsync("http://Wintellect.com/") 

.ConfigureAwait(false); 

// Ha btot pa3 ynpaB/ieHue nonafleT b 3Ty TOHKyj nOTOMy hto noTOK ny/ia 
// MO>KeT BbinO/lHUTb 3TOT KOfl (B OT/lMHUte OT BbinO/lHeHMB Mepe3 GUI-nOTOK). 

return await msg.Content.ReadAsStringAsyncQ.ConfigureAwait(false); 

} 

KaK noKa3biBaeT npenbiAymnii kojx, bm30b ConfigureAwait(false) nojiaceH 6biTb 
npiiMeHeH k Ka>K/i,o-viy o6beKTy Task, Hcnojib3yeMOMy c await. 3 to CBH3aHO c tcm, hto 
acHHxpoHHbie oncpaniTH MoryT aanepniaTbCM cimxpoHHO, u Korna sto ii|)oiicxo/i,ht, bbi- 
3biBaiomHH noTOK npocTO ri|)c)/i,o./i>Kae'[ BbinojiHHTbca 6e3 B03BpameHiia ynpaB/ieHiia 
CTopoHe Bbi30Ba; Bbi HiiKorna He 3HaeTe, KaKoii onepaiiHH noTpe6yeTca iiraopupoBaTb 
o6beKT SynchronizationContext, no.3TO.vty iico6xo/i,hmo npriKa3aTb bccm onepapHaM 
HTHopupoBaTb ero. 3 to Taioice oana'iacT, hto ko/i, 6H6jiHOTeKH KJiaccoB /tojiaceH 6biTb 
He3aBiicHMbiM ot Mopeim npruioaceHiia. 

Taioice moscho nepenucaTb mcto.t GetHttp TaK, KaK noKa3aHO Hiiace, hto6m Bee bh- 
nojiHeHiie npoHCxonHJio uepea noTOK nyjia: 

private Task<String> GetHttp() { 
return Task.Run(async () => { 

// Bbino/iHeHue b noTOxe ny/ia, c KOTopbiM He cB«3aH 
// o6teKT SynchronizationContext 
HttpResponseMessage msg = await new 

HttpClient().GetAsync("http://Wintellect.com/"); 
return await msg.Content.ReadAsStringAsyncQ; 

}); 

} 

06paTHTe BHHMaHHe: b stoh Bepcmi Kopa mcto/i, GetHttp He hb.thctch aciiHxpoHHoii 
(jiyuK'Hiicii; a y/iaai hji k. iio'ichoc cjiobo async H3 curaaTypbi Mcro/ta, nOTOMy [ ito mctoa 
6oaee He copepscHT onepaTop await. C ppyroti ctopohm, jiHM6na-Bbipa5KeHiie, nepe- 
aaiiacMoe Task.Run, hb.tmctcm aciiHxpoHHoii (jiymauicii. 


AciiHxpoHHaq pea/in3aui/m cepBepa 

MHorojieTHee o6meHiie c mhosccctbom pa3pa6oTHHKOB noKa3ajio, hto jinnib oneHb 
iiCMiionie H3 hhx 3HaiOT o BCTpoeHHbix cpepcTBax .NET Framework, no3BOJia ioihhx 
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CTpoiiTb aciiHxpoHHbie cepBepbi c xopomeii MacniTa6npyeMOCTbio. B stoh KHiire h He 

CMory o6bHCHiiTb, KaK .'na aa/ui'ta pemacTCM .via Kaacnoro nn;i,a cepBepoB, ho Mory xoth 

6bi yKa3aTb, hto cnenyeT HCKaTb b noKy.viemann n MSDN. 

□ IIocTpoeHHe acHHxpoHHbix npHJioacenHH Web Forms ASP.NET: pooaisbTC b ())aii.;ie 
.aspxCTpoKy «Async=true» bA npercraBe page h 03HaK0MbTecb c oniTcainfCM mcto/pi 
R egisterAsyncTas k KJiacca System. Web. UI. Page. 

□ IIocTpoeHHe acHHxpoHHbix MVC-KOHTpojiJiepoB ASP.NET: odbHBiiTe Kjiacc 
KOHTpojijiepa npoH3BOAHbiM ot System.Web.Mvc .AsyncController h BepHiiTe 
Task<ActionResult> H3 MeTOna achctbhh. 

□ IIocTpoeHHe acHHxpoHHoro o6pa6oi'Hnca ASP.NET: odbHBiiTe KJiacc npoH3BOAHbiM 
ot System. Web. HttpTas kAsyncHandler h nepeonpeAejniTe ero a6crpaKTHbiH mctoa 
P rocessRequestAsync. 

□ IIocTpoeHHe acHHxpoHHOH cjiyacbbi WCF: pea.Tii.'mnc cjiyacby KaK aciiHxpoHHyio 
cJ)yHKu,iiK), B03Bpamai0HiyK) Task nan Task<TResult>. 


OTMeHa onepaui/m BBOfla -BbiBOAd 

B o6meM ciiynae Windows hc npenocTaBJiaeT bo3mo5Khoctii otmchw .jariar i iv m ircii cai one- 
paniTH BBO/ia-BbiBO/ia. MHonie pa3pa6oTHiiKii xotcjiii 6w BimeTb TaKyio B03M05KH0CTb, ho 
peajni30BaTb ee/toc'iaTO'iiio cnoacHO. Be/in ec/in bbi oopaniacTccb c 3anpocoM k cepBepy, 
a noTOM pemaeTe, tio otbct BaM 6o/ibme He iivaceii, npocTO npiiKa3aTb cepBepy nponr- 
HopupoBaTb Hcxo/qibiii 3anpoc yace He yuacTca; iiv'/K'iio npiiHHTb oairi bi Ha tcjthctttckoh 
M amime u OTdpocHTb hx. KpoMe toto, B03HHKaeT cmyanu a tohkii — 3anpoc Ha OTMeHy 
mo/KCt nocTynHTb b to i! pc mm, Kor/pt cepBep i iepenaeT otbct. H KaK no/iacHO nocTynHTb 
Bame npujioaceHiie? BaM npn/i,CTCM o6pa6oTaTb 3Ty iioicmuia. ibiiyio cm yamno b cbocm 
K o^e h pemiiTb, to jih nponraopiipoBaTb /uumbic, to jih o6pa6oTaTb hx. 

JXjia ynpomeHiin stoh aananii h peKOMeH/iyio peajni30BaTb mctoh pacmupeHun 
WithCancellation, KOTopbiii pacmupaeT Task<TResult> (BaM TaKSce noHanodiiTcn 
aHajiorHHHan neperpy3Ka, pacmupaiomaH Task) cjienyiomHM o6pa30M: 

private struct Void { } // M3-3a OTcyTCTBua Heo6o6meHHoro K/iacca 
// TaskCompletionSource. 

private static async Task<TResult> 

WithCancellation<TResult>(this Task<TResult> originalTask, 

CancellationToken ct) { 

// Co3flaHne o6beKTa Task, 3aBepwaeMoro npn OTMeHe CancellationToken 
var cancelTask = new TaskCompletionSource<Void>(); 

// npn OTMeHe CancellationToken 3aBepwnTb Task 
using (ct.Register( 
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t => ((TaskCompletionSource<Void>)t).TrySetResult(new Void()), 
cancelTask)) { 

// Co3flaHne o6beKTa Task, 3aBepwaeMoro npn otmgh6 mcxoahoto 

// o6beKTa Task mam o6beKTa Task ot CancellationToken 

Task any = await Task.WhenAny(originalTask, cancelTask.Task); 

// Ec/im K3Kof\-nv\6o o6beKT Task 3aBepuiaeTCfl M3-3a CancellationToken, 

// MHMpnnpoBaTb OperationCanceledException 

if (any == cancelTask.Task) ct.ThrowIfCancellationRequested(); 

} 

// BbinonHMTb await a/ih mcxoahoto 3aflaHMB (cmhxpohho); awaiting it 
// ec/ini npon3oiifleT oum6i<a, BwaaTb nepBoe BHyTpeHHee MCK/noHemne 
// BMecTO AggregateException 
return await originalTask; 

} 

Tenepb 3tot mctoa pacnmpeHim Bbi3biBaeTca cjienyiomHM o6pa30M: 

public static async Task Go() { 

// Co3flaHne o6beKTa CancellationTokenSource, OTMeHnramero ce6s 

// Hepe3 3aflaHHbm npOMexyTOK BpeMemi b MMyi/ikiceKyHAax 

var cts = new CancellationTokenSource(5000); // Hto6n OTMeHUTb paHee, 

var ct = cts.Token; // Bbi30BHTe cts.Cancel() 

try { 

// f\ ncno/ib3yio Task.Delay aaa TecTupoBaHun; 3aMeHMTe ApyruM MeTOAOM, 

// B03BpamaiomMM Task 

await Task.Delay(10@00).WithCancellation(ct); 

Console.WriteLine("Task completed"); 

} 

catch (OperationCanceledException) { 

Console.WriteLine("Task cancelled"); 

} 

} 

HexoTopbie onepaumi BBOfla-Bbieofla 
AOJl>KHbl BbinO/IHflTbCn CMHXpOHHO 

B Win32 API cymecTByeT miio/iccctbo (|:)ymai,iiii, m.mo. iiiMiomiix oncpannn BBO,a,a-Bbi- 
Bona. K co'/K;:uicmi 10 , He Bee hx hhx nonycicaiOT aciiHxpoHHoe BbinojmeHiie. K iipn.viepy, 
Win32-MeTO/L CreateFile (Bbi3biBaeMbiiiKOHCTpyKTopoM FileStream) Bcerna isi.iiio.t- 
HHeTCH CIIHXpOHHO. ITpiI IIOIIblTKC C03/LaTb HJIH OTKpbITb Ha CepBCpC B CCTH flO B03- 

Bpamemm ynpaBjiCHira mctoaom CreateFile MoaceT npoftTH hcckojibko ceicyH/L — b dto 
B peMH Bbi3biBaioHLHH noTOK mricm He nejiaeT. B Hueane npLuioaceHiia, pa3pa6oTaHHbie 
c npimenoM Ha onTHMajibHbie npoii3BOAHTejibHOCTb h MacniTadiipyeMOCTb, nojiacHbi iic- 
1 10 .Ti>30Baxb \V r in32-())yi[Kmiio, KOTopaa co3naeT hjih OTKpbiBaeT cjiafui b aciiHxpoHHOM 
pc/iciiMC, hto6h noTOK He >k;u:ui OTBeTa c cepBepa. K coacaaemno, b Win32 iict ())y hk- 
niiii, r i o/lo6i ioii CreateFile, a, .sna'iin, FCL He npe/yiaraeT ;:k})(.})C icru 1 i 1 [ o i c) cpe/LCTBa 
acHHxpoHHoro OTKpbiTHH cjiafuiOB. Windows taicace He npenocTaBjiaeT cjiyHKn,iiH /yin 
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acuHxpoHHoro o6paiu,eHim k peecTpy, odpameHim k Acypnany codbrmft, iio. : iy'peiinM 
craicKa 4>aftnoB/noAKaTanoroB, H3MeHeHira aTpndyTOB cjiaftna/KaTanora h t. a. 

PaccMOTpi-iM cirryamiio, Koraa TaKoe nonc/a'iinc CTaiiomrica cepbe3Hofi iipo6.TC.\ioii. 
IIpeACTaBbTe, tio BaM iiv'/Kiio HaroicaTb npocTofi .3 a cm cm iiiiTepijieiica aaa BBOAa nyTH 
k cjjafmy h noAAepACKoft aBTOMaTiraecKoro 3aBepmeHiiH (npimepHO KaK b Aacra ncnoAb- 
3yeMOM AiiajioroBOM okhc OTKpbiTiin (jjafiAa). 3 tot aACMCHT ynpaBACHiia aoaacch 3AAeft- 
CTBOBaTb OTAeAbHbie noTOKii jyia nepedopa nanoK, b kotophx ocymecTBAneTcn iiohck 
( jjafmoB, TaK KaK b Windows He cymecTByeT (fiyHKiiHH acuHxpoHHoro nepedopa cjjaiijiOB. 
IIo Mepe Toro KaK no. ib3.oiiaTe. iP) npoAOAAcaeT biso/uni, nyTb k ())aii. : iy, BaM r11)n/iercTi 
iio/[,K.no'paTb ; 1,011 o. ii[mc. : ibirr,ie noTOKii, iiraopupyH peay.ilyia p p.i paHee no|)0>K;i,cmii.ix 
noTOKOB. B Windows Vista iioMiiii./iaci. iionaa Wi n 32-()>y i p it mi a CancelSynchronousIO. 
OHa no3BOJiaeT OAHOMy noTOKy OTMCHHTb ciiHxpoHHyio onepanino BBOAa-BbiBOAa, npoBO- 
AHMyio ApyniM. 3Ta cjiyHKiuiH He OTpaaceHa b FCL, ho ccah bbi pemiiTe BOcnojib30BaTbcn 
eio ii3 ynpaBAHCMoro KOAa, Bbi30BHTe ee npn noMomu MexaHH3Ma P/Invoke. CiiraaTypa 
P/Invoke aah AaHHoro CAynan paccMOTpeHa b CAeAyiomeM pa3Aene. 

MHorne iio. ; iaiaiOT, ato c chhxpohhmm npHKAaAHbiM nporpaMMHbiM HHTepiJaeftcoM 
paoo'ia'i i. iipomc, h bo mhooix CAynanx 3to Aci ; ici iiii'ie./ii.iio TaK. Ho imorAa iiMeHHO 
CIIHXpOHHbie I1ll'i cp())eiid,l CHAbHO OCAOACHHIOT >IC 113.i PI.. 

H3-3a lipo6.TC.V1, B03HHKaK>miIX npH CIIHXpOHHOM lil.P I IO. P I PCI IIIII 01 IC|)aHI1 l'i BBOAa-Bbi¬ 
BOAa, npn npoeKTHpoBaHHH Windows Runtime rpynna Windows pemnna npeAOCTaBiiTb 
Bee MeTOAbi BBOAa/BbiBOAa b acHHxpoHHoii tjiopMe. TaKiiM o6pa30M, ceiinac cymecTByeT 
(JiyHKniiH Windows Runtime API aah acuHxpoHHoro otkpmthh (JiaiinoB (cm. omicaHHe 
MeTOAa OpenAsync KAacca Windows.Storage.StorageFile). Windows Runtime He 
npeACTaBjineT <))yi p it ip, pi ii API aah ciiHxpoHHoro lii.iiio. iiieiiiiH oncpauiiii bboaa/bmbo- 
Aa. K cnacTbio, npn Bbi30Be sthx <))y i p ici lit ii moacho BocnoAb30BaTbcn aciiHxpoHHbiMii 
cjiyHKH,iiHMH C# aah ynpomemiH KOAa. 


npo6/ieMbi FileStream 

npnco3AaHiniodbeKTa FileStreamcjMar FileOptions .Asynchronous no3BOJineTyKa- 
3aTb, KaKne oilepa1 1,1111 — CHHxpoHHbie hah aciiHxpoHHbie — 6yAyT HcnoAb30BaTbcn aah 
B 3aHM0AeiicTBHH (ato aKBiiBaACHTHO Bbi30By Wi n .32 - ()iy 1 p ic 11 pi 11 CreateFile h nepeAaAe 
eft (Jmara FILE_F LAG_OVERLAPPED). npn OTcyTCTBi-iii 3Toro (fiAara Windows BbinoAHaeT 
Bee onepaiuiii c cjiaftnoM b ciihxpohhom poKiivie. Paay.viecTCH, hhato iic MemaeT Bbi3BaTb 
MeTOA ReadAsync odneKTa FileStream. C toakii 3peHim npiiAOAceHHH sto BbirAHAHT KaK 
acHHxpoHHoe BbinoAHeHiie onepaiuift, ho Ha caMOM Aene kahcc FileStream SMyAiipyeT 
acHHxpoHHoe noBeAeHiie npn noMomu AonoAHiiTeAbHoro noTOKa, KOTopbift BnycTyio 
TpaTHT pecypcbi h CHiiacaeT npoH3BOAHTeAbHOCTb. 

B to Ace BpeMH moacho co3AaTb odbeKT FileStream, yKa3aB <|)Aar FileOptions. 
Asynchronous, nocne 3toto bm MOAceTe Bbi3BaTb .victoa Read odbercra FileStream aah 
BbinoAHeHiinCHHxpoHHoft onepauiiii. tC/iacc FileStream SMynupyeTTaKoe iioiiCACiiiie, 
3anycKan aciiHxpoHHyio onepaumo h iic.vic/uieiiiio nepeBOAH Bbi3biBaK>miift noTOK b cuh- 
iiinft peACHM ao 3aBepmeHiin onepaumi. 3to toacc hc caMbift scjicjieKTHBHbift cnoco6, ho oh 
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jiy^me, neM bm30b MeTOAa BeginRead c npiiMeHemieM o6 - beKTa FileStream, co3Aamioro 
6e3 (J)jiara FileOptions .Asynchronous. 

IIoABefleM HTom. IIpii pa6oTe c o6 - beKTOM FileStream cjieayeT 3apaHee Bbi6paTb, 
CIIHXpOHHbIM HAH aCHHXpOHHbIM 6yACT BBOA-BbIBOA (jiaHAOB, H yCTaHOBHTb (J)jiar 
FileOptions .Asynchronous (hah He AejiaTb stoto). Ecjih ()).iar ycTaHOBJieH, iscei/pa 
Bbi3biBaiiTe mctoa ReadAsync, a ecAH HeT — mctoa Read. 3to odecnenHT iiaii. : iy>iniyio 
npOII3BOflHTejIbHOCTb. ECJIH Bbl Co6lipaeT6Cb BbinOJIHIITb CIIHXpOHHyiO hjih aciiHxpoHHyio 
onepauHio c odneKTOM FileStream, acjxjieKTHBHeH Bcero KOHCTpyupoBaTbAaHHbrii 06b- 
eKT c (ji. iaro.M FileOptions .Asynchronous. B lai'tecnse ajibTepHaTHBbi moacho G03AaTb 
ABa o6beKTa FileStream aah oahoto (jiaiuia. Oahh odneKT FileStream 6yAeT OTKpbiT 
AAH aCHHXpOHHOrO BBOAa-BbIBOAa, BTOpoil — AAH CHHXpOHHOrO. y^THTe, HTO Kjiacc 
System. 10. File coAepacHT BcnoMoraTeAbHbie MeTOAbi (Create, Open h OpenWrite), 
KOTopbie C03Aai0T h B03Bpamai0T o6beKTbi FileStream. Bo miy'ipeimrii pca. : iii3aniiii 
hh oahh h3 3 thx MeTOAOB iic HcnoAb3yeT ()).iai FileOptions .Asynchronous, iio.3TO.vpy 
aah nocTpoeHHH MacmTa6iipyeMbix npruroaccppHiT c xopomiiM BpeMeHeM otkahka ot 
3thx MeTOAOB Aynine AepacaTbca noAajibme. 

Cjicavct Taioice noMHHTb, hto Apaimep ycTpoiicTBa cjiaiiAOBOH CHCTeMbi NTFS bm- 
nojiHueT HeKOTopbie oncpappriri b chhxpohhom poiciiMC BHe 3aBHCHMOCTH ot cnoco6a 
OTKpbiTiiH cjiaiiAa. /(onojiHHTeAbHyio iiHtJiopMaipHio no 3Toii TeMe bbi HaimeTe no aApecy 
http://support. microsoft.com/default.aspx?scid=kb%3Ben-us%3B156932. 


npMOpMTeTbl 3anpOCOB BBOAa-BbIBOAa 

B r'./iaiic 26 6biJio noKa3aHO, kakhm o6pa30M npnopHTeT noTOKa bah act Ha cnoco6 ero 
uciio. inemia. OAHaKO caMii noTOKii Taioice m.iiio. iiiaioi 3anpocbi BBOAa-BbiBOAa k pa3- 
AimHbiM annapaTHbiM ycTpoiicTBaM aah htcpphh h 3araiCH AaHHbix. Ecah is pc. mm npo- 
Heccopa OKaaceTCH bmacacho noA 3anpocbi c hh3khm npnopHTeTOM, b onepeAH oaeiib 
6biCTpo OKaacyTca cothii h Aaace thchhh 3anpocoB. Taic KaK aah hx o6pa6oTKii TpedyeTCH 
BpeMH, CKopee Bcero, noTOK c hh3khm npnopHTeTOM iiois.tiimc'i Ha oiacipoAciicmHe 
CHCTeMbi, npiiocTaHOBiiB 6ojiee npiiopiiTeTHbie noTOKH. Hmchho nosTOMy moacho 
iiao.TiOAa'i b cHHaceHHe 6mctpoachctbhh KOMnbiOTepa npii BbinoAHeHiin AAiT[C.n>m>ix 
Hii3KonpiiopHTeTHbix 3aAaHHH, thkhx KaK ACPlpipai'Mcm aHiia AHCKa, CKaHHpoBaHHe Ha 
BHpycbi, HHAeKciipoBaHiie coAepacHMoro h t. n. 1 

Windows iioobo.thct yKa3aTb npnopHTeT noTOKa npii isi.iiio. iiieiiiiii 3anpocoB BBOAa- 
BbiBOAa. 3a AonoAHHTeAbHoii imcjiopMaipHeH o6pamaiiTecb k CTaTbe no aApecy http://www. 
pnicrosoft.com/whdc/driver/priorityio.pnspx. K coacajieHino, AaHHan cjiyHKHHOHaAbHOCTb 
eme He mc.no'ieiia b FCL; HaAeiocb, OHa iioaisiiica b cjie/pyiomeii BepcHH. OAHaKO npe- 
HMymecTBOM AaHHOii diypPKipHH yace MoacHO B0cn0Ab30BaTbCH npii noMOitpH MexaHH3Ma 
P/Invoking. Bot KaK BbimiHAHT TaKoii koa: 


1 Windows-ckyHKijHH SuperFetch iicnoAb3yeT HH3KonpnopiiTeTHbie 3anpocH BBOAa-BbiBOAa 
B CBOHX HHTepeeaX. 
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internal static class ThreadIO { 

public static BackgroundProcessingDisposer BeginBackgroundProcessing( 
Boolean process = false) { 

ChangeBackgroundProcessing(process, true); 
return new BackgroundProcessingDisposer(process); 

} 

public static void EndBackgroundProcessing(Boolean process = false) { 
ChangeBackgroundProcessing(process, false); 

} 

private static void ChangeBackgroundProcessing( 

Boolean process. Boolean start) { 

Boolean ok = 

process ? SetPriorityClass(GetCurrentWin32ProcessHandle(), 

start ? ProcessBackgroundMode.Start : ProcessBackgroundMode.End) 

: SetThreadPriority(GetCurrentWin32ThreadHandle(), 
start ? ThreadBackgroundgMode.Start : ThreadBackgroundgMode.End); 
if (!ok) throw new Win32Exception(); 

} 

// 3Ta CTpyKTypa n03B0/ineT MHCTpyKunn using bnmth 
// H3 pe*nMa <j)0H0B0ft o6pa6oTKn 

public struct BackgroundProcessingDisposer : IDisposable { 
private readonly Boolean m_process; 
public BackgroundProcessingDisposer( 

Boolean process) { m_process = process; } 
public void Dispose() { EndBackgroundProcessing(m_process); } 

} 

// Cm. Win32-<j)yHKUUH THREAD_MODE_BACKGROUND_BEGIN 
// n THREAD_MODE_BACKGROUND_END 

private enum ThreadBackgroundgMode { Start = 0x10000, End = 0x20000 } 

// Cm. Win32-<j)yHKLiwn PROCESS_MODE_BACKGROUND_BEGIN 
// M PROCESS_MODE_BACKGROUND_END 

private enum ProcessBackgroundMode { Start = 0x100000, End = 0x200000 } 

[DllImport("Kernel32", EntryPoint = "GetCurrentProcess", 

ExactSpelling = true)] 

private static extern SafeWaitHandle GetCurrentWin32ProcessHandle(); 

[DllImport("Kernel32", ExactSpelling = true, SetLastError = true)] 
[return: MarshalAs(UnmanagedType.Bool)] 
private static extern Boolean SetPriorityClass( 

SafeWaitHandle hprocess, ProcessBackgroundMode mode); 

[DllImport( 

"Kernel32", EntryPoint = "GetCurrentThread", ExactSpelling = true)] 
private static extern SafeWaitHandle GetCurrentWin32ThreadHandle(); 

[DllImport("Kernel32", ExactSpelling = true, SetLastError = true)] 

[return: MarshalAs(UnmanagedType.Bool)] 

private static extern Boolean SetThreadPriority( 
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SafeWaitHandle hthread, ThreadBackgroundgMode mode); 

// http://msdn.microsoft.com/en-us/library/aa480216.aspx 
[DllImport( 

"Kernel32", SetLastError = true, EntryPoint = "CancelSynchronousIo")] 

[return: MarshalAs(UnmanagedType.Bool)] 

private static extern Boolean CancelSynchronousIO(SafeWaitHandle hThread); 

} 

CjienyiomHH koa noKa3biBaeT, KaK Bee 3to Hcnojib30BaTb: 

public static void Main () { 

using (ThreadlO.BeginBackgroundProcessing()) { 

// 3flecb pacno/iaraeTca HH3xonpnopnTeTHbin 3anpoc BBoaa-BbiBOfla 
// (HanpuMep, Bbi30B BeginRead/BeginWrite) 

} 

} 

Bbi o6bHCHaeTe Windows, hto noTOK aoaacch BbinojiHHTb Hii3KonpiiopiiTeTHbie 3anpo- 
Cbi BBOna-BbiBOna npn iiomoihh mcto/i/i BeginBackgroundProcessing KJiacca ThreadlO. 
06paTHTe BHHMaHHe, tio npn otom xaiOKe cmiacaeTca npnopitrcT BhinajiHemin noTOKa 
npon,eccopoM. BepHyTb noTOK k Bbino/meHiiio 3anpocoB BBOAa-BbiBOAa oobrmoii Baac- 
hocth (ii k odbinHOMy npnopHTeTy BbinojiHemiH noTOKa npoiieccopoM) MoacHO mctoaom 
EndBackgroundProcessing hah ace Bbi3BaB mcto/i, Dispose a.th aiia'ieiniM, B03BpameH- 
Horo mctoaom BeginBackgroundProcessing (npn noMomu HHCTpyiciiHH using H3biica 
C#, KaK noKa3aHO b npuMepe). IIotok MoaceT bah an, toabko Ha codcTBeHHbiii peacHM 
4>ohoboh o6pa6oTKH; Windows He no3BOJiaeT OAHOMy noTOKy MeHHTb peacHM (J)ohoboh 
o6pa6oTKii npyroro noTOKa. 

^Todbi 3acTaBHTb Bee noTOKii b npou,ecce o6pa6aTbiBaTb Hii3KonpnopHTeTHbie 
3anpocbi BBOAa-BbiBOAa h CHii3HTb npi-iopHTeT Bbino/iHeHHH noTOKOB nponeccopoM, 
MoatHO Bbi3BaTb MeTOA BeginBackgroundProcessing, nepeAaB eMy 3HaneHiie true 
Aah napaMeTpa process. Ilponecc MoaceT B03AeiicTB0BaTb TO/ibKO Ha codcTBeHHbiH 
4>OHOBbiii peacHM odpadoTKii; Windows He no3BO/iaeT noTOKy MeHHTb c^ohobhh peacHM 
o6pa6oTKii Apyroro nponecca. 

BHMMAHME 

B ccj>epy OTBeTCTBeHHOCTn pa3pa6oTHuxa bxoaut npuMeHeHue HOBbix cJ)OHOBbix npn- 
opnreTOB, oOecnennBaiOLuux 6o/iee BbicoKoe ObiCTpoAencrene axTUBHbix npnnoxeHnn, 
n npuHaree Mep Ana ycTpaHeHua uHBepcnn npnopnTeTOB. npn Hannnnn axTUBHbix one- 
papnn BBOAa-BbiBOAa c odbiHHbiM npnopnTeTOM noTOK, paOoTaxDLAun b cJjohobom pexuMe, 
MOxeT notiynaTb pe3y/ibraTbi 3anpocoB BBOAa-BbiBOAa c 3aAepxxon b Hecxo/ibxo cexyHA- 
Ec/in noTOK c Hn3Knivi npnopnTeTOM b paMxax cnHxpoHn3apnn noTOKOB no/iyauT npaBO 
Ha 6noxnpoBxy, oxnAaeMoe noTOKOM c oObiHHbiM npnopnTeTOM, noc/ieAnun moxtot 
oxaaareca b oxuAaHnn oxoHaaHua o6pa6oTKn Hn3KonpnopnTCTHbix 3anpocoB bboas- 
BbiBOAa. fl/ia B03HnKH0BeHna npodneMbi noreixy c <t>OHOBbiM npnopnreTOM He npuAeTCa 
Aaxe OTnpaBnaTb 3anpocbi Ha BBOA-ebiBOA- noaTOMy cneAyeT CBecTn k MUHUMyMy co- 
BMecTHoe ncnonb30BaHne oOnexTOB cuHxpoHn3au,un noreixaMn c oSbiHHbiM n c[)OHOBbiM 
npnopnreTaMn (a/iyaine BOoOiAe 3toto n36eraTb). 3to n36aBHT Bac ot nHBepcnn npn- 
opnreTOB, npn xoTopon noTOxn c oObiHHbiM npnopnreTOM nepecrraiOT Bbino/iHaTbca n3-3a 
6/ioxnpoBOx, ycTaHOBneHHbix noTOxaMn c cJ)OHOBbiM npnopnreTOM. 


friasa 29 . npmvmTi/iBHbie 

KOHCTpyKUMM CMHXpOHM3ai4MM 
nOTOKOB 


Kor/ia noTOK H3 nyjia 6noKiipyeTCH, nyn nopoacAaeT AononHHTenbHbie noTOKii ncnojiHeHiia; 
npn 3 tom npiixoAHTCH TpaTHTb cooTBeTCTByiomiie pecypcbi (BpeMerai h naMHTii) Ha co3Aa- 
Hiie, njiaHiipoBaHiie h yAanemie nOTOKOB. MHomie pa3pa6oTHHKii, o6HapyaciiB b nporpaMMe 
npocTanBaiomiie noTOKii, cmiTaiOT, hto AononHHTenbHbie noTOKii yac tohho 6ya,yT AenaTb 
HTO-Hii6y/i,b nojie3Hoe. O/iHaKO npn pa3pa6oTKe MaciHTa6npyeMoro h 6biCTpoAeiicTByiome- 
ro iipu./ioaceuuM iiy>Kiio CTapaTbCH H36eraTb 6noKiipoBKii nOTOKOB, TOJibKO b atom cnynae 
hx moacho ovact CHOBa h CHOBa Hcnonb30BaTb am a pcmemiH ;i,pymx aa/ui'i. B rnaBe 27 mm 

rOBOpHJIH O TOM, KaK nOTOKII lil.l I IO. I I [M lO'l BbIHHCJIHTeJIbHbie OnepaU,HH, B TO lipCMM KaK 

raaBa 28 6buia iiocBMinciia BbinonHeHino noTOKaMH onepaujiH BBOAa-BbiBOAa. 

Tenepb npHuuio BpeMH oGcyjwib Bonpocbi CHHxpoHii3ari,HH nOTOKOB. CiiHxpoHii- 
3a hum II03B0.IMCT npe/i,OTBpaTHTb iioupcavTCuuc o6mux aamibix npn odnoepeMemoM 
AOCTyne k othm aaiiiii.im pa3Hbix nOTOKOB. Cjiobo «OAHOBpeMeHHO» BbiAeneHO He spa, 
Bea,b CHHxpoHH3au,iiH nOTOKOB i ic./i u kom h nojiHOCTbio 6a3iipyeTCH Ha KOHTpoae BpeMe- 
hh. Ecmi a,0CTyn k hckhm AaHHbiM co ctopohm AByx nOTOKOB ocyiueci ii./iMCTCM TaraiM 
o6pa30M, hto noTOKii hiikak He MoryT noMemaTb Apyr Apyry, CHHxpoHH3au;HH He Tpe- 
6yeTCH. B raaBe 28 6bi./io noKa3aHO, KaK pa3Hbie cckhuu acHHxpoHHofi cjiyHKUHH MoryT 
BbinOJIHHTbCH pa3HbIMH nOTOKaMH. TeOpeTIIHeCKII B03M0aCH0, 'ITO ABa nOTOKa oy/iyT 
pa6oTaTbc oahhmhiitcmu aceAamibiMu. O/uiaicoacHHxpoHHbie(jiyiiicmiu peajni30BaHbi 
TaKHM o6pa30M, hto Asa nOTOKa He 6yAyT OAHOBpeMeHHO pa6oTaTb c oahhmh aahhmmh, 
nooTOMy npn o6pameHnn koah k a<jiiiiijI\i, coAcpacamu.vtCH b aciiHxpoHHoii (jiymaiuii, 

CIIHXpOHII3aU,HH nOTOKOB He HyACHa. 

3 tot Cjiytaii moacho CMinaTb n/[,ca. rr>[r[>i\i, TaK KaK cunxpouuaaHUM nOTOKOB hmcmct 
3a co 6 oh MHoro npooncM. Bo-nepBbix, nporpaMMirpoBaTb koa CHHxpoHH3an,HH KpaiiHe 
yTOMHTeabHO h npn 3 tom nemo AonycTHTb onm6Ky. B KOAe cncAycT BbiAeniiTb Bee aaii- 
Hbie, KOTopbie i[orciinua. ii.no MoryT o6pa6aTbiBaTbc a pa.MMu aiibi mu noTOKaMH b oaho 
h to ace ispcMM. 3aTeM Bee otu AaHHbie aaicuo'iaiOTCM b Apyroii koa, ooecue'iuiiaiomuu 
hx 6aoKiipoBKy h pa36.noKiipoBamie. BnoKiipoBamie rapaHTiipyeT, hto AOCTyn k pecypcy 

B KaaCAblH MOMCHT BpeMCHII CMOACCT nOnyHHTb TOnbKO OAHH nOTOK. OAHaKO AOCTaTOHHO 
npn nporpaMMi-ipoBaHiii-i 3a6biTb 3a6noKnpoBaTb xoth 6m oahh 4>pameHT KOAa, h Banin 
AaHHbie 6yAyT noBpeacAeHbi. K TOMy ace HeT cnoco6a npoBepiiTb, npaBiinbHO mi pa6oTaeT 
6noKiipyiomini koa. OcTaeTca TOnbKO 3anycTiiTbnpunoaceHiie, npoBecTH Miioro'iuc.MCn- 
Hbie uaipyao'iubic ucubnanu m h uaACM'i bCM, >no bcc npoiiAeT 6narononynHO. I Ipu atom 
T ecTiipoBaHiie acenaTenbHO ocymccm.iMTb Ha MamiiHe c MaKciiManbHO bo 3 moachmm ko- 
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jnraecTBOM npoiieccopoB, TaK KaK sto noBbimaeT rnaHCbi BbiHBiiTb cmyamiio, icor/pi /psa 
h 6ojiee noTOKa iioiii.naioiCH nojiynHTbo/pioiipcMcmn.iii ;i,0CTyii k pecypcy — aanauitr, 
noBbiCHT rnaHCbi Ha BiiiMis. ieimc npo6jieMbi. 

BTopoii npoojiCMO ii 6jiOKiipoBaHiia mis.imctoi cmoKeHne npoii3»i!o/inTC./ibiioc'm. 
yCTaHOBJICHIie H CHHTIie 6jIOKIIPOBKII Tpe6yiOT BpeMeHII, TaK KaK J3J15L 3TOTO BbI3bIBaiOTCH 
/i,onojiHiiTejibHbie MeTOAbi, npiraeM npoiieccopbi aojiacHbi KoopAnmipoBaTb coBMecTHyio 
pa6oTy, onpe/uviM a, KOTopbifi H3 nOTOKOB HyacHO 6jiOKHpoBaTb nepBbiM. 1 kwionoe 
B3aiIMO/I,CHCTBHe npOH,eCCOpOB He MO/KCT He CKa3bIBaTbCH Ha npOH3BO/I,HTejIbHOCTH. 
K npHMepy, paccMOTpriM koa, Ao6aB/iHiomHH y3eji b Hanaaio CBH3aHHoro cnucKa: 

// 3tot K/iacc ncno^b3yeTca KnaccoM LinkedList 
public class Node { 
internal Node m_next; 

// OcTa/ibHbie H/ieHbi He noi<a3aHbi 

} 

public sealed class LinkedList { 
private Node m_head; 

public void Add(Node newNode) { 

// 3tm flBe CTpoKU peann3yK)T 6biCTpoe npkicBauBaHHe ccbrnox 
newNode.m_next = m_head; 
m_head = newNode; 

} 

} 

Mexo/t Add npocTO 0'ieiii) 6biCTpo npiiCBaiiBaeT ccbijiKH. H ec/ra mh xothm CAe/iaTb 
BbI30B 3TOTO MCTO/pt 6e30naCHbIM, /Pl li B03M05KH0CTb pa3HbIM nOTOKaM O/U10 lipC.VU‘11110 

Bbi3biBaTb ero 6e3 pucKa noBpeAHTb CBH3aHHbiii cnncoK, cjic/pycT /pioaiun b k MCTO/py 
Add koa ycTaHOBJieHHH h ciimthm 6jiokhpobkh: 

public sealed class LinkedList { 

private SomeKindOfLock m_lock = new SomeKindOfLock(); 
private Node m_head; 

public void Add(Node newNode) { 
m_lock.Acquire(); 

// 3th flBe CTpOKH BbinO/lHHKJT 6blCTpOe npiUCBaMBaHHe CCbmOK 
newNode.m_next = m_head; 
m_head = newNode; 
m_lock.Release(); 

} 

} 

Tenepb mctoa Add CTaji 6e3onacHbiM b OTHomeHim nOTOKOB, ho CKopocTb ero bm- 
nojiHeHiia cepbe3H0 yiiaaa. Cmi/Keiiue ckopocth pa6oTbi 3aBHCHT ot bh/pi Bbi6paHHoro 
MexaHii3Ma 6jiOKiipoBaHiiH; cpaBHemie npoH3BOAHTeAbHOCTH paa/i hhhmx BapnaHTOB 
6jioKiipoBHHiiH ac/pictoi KaK b 3toh, TaK h b cjic/yylomcii r/iaBax. Ho /place caMoe 6bi- 
CTpoe 6/ioKiipoBaHiie 3acTaB/iaeT mctoa Add pa6oTaTb b HecKo/ibKo pa3 MeAAeHHee no 
cpaBHeHiiio c ero Bepcneii 6e3 6. : ioiciipoiiamia. H pa3yMeeTca, bm30b mcto/pi Add b miic. ie 
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/yia BCTaBKii b (TSMaamibiii cniicoK flonojiHHTejibHbix y3JiOB TaKSce /siia/iiiTe/ibiio croiacaeT 
npOH3BO/I,HTejIbHOCTb. 

TpeTba iipoo/ie.Ma coctoht b tom, tio npii 6jiOKHpoBaHHH b KaacAbiii momciit Bpe- 
Memi aonycKaeTCH AOCTyn k pecypcaM TOJibKO oflHoro noTOKa. Co6cTBeHHO, /y ih 3Toro 
h 6buio iipii/iyMano 6aoKnpoBaHiie, ho, k coacaneHino, iioyooiioe noBeaeraie npHBO/jHT 
k coa/pum io AonojiHiiTejibHbix nOTOKOB. To ecTb ccjih noTOK nyjia iibnac'ica nojiyTiiTb 
AOCTyn k 3anepTOMy pecypcy h iic iiojiyiacx ero, CKopee Bcero, nyji coa/iacr eme 0 / 1,1111 
noTOK /yw coxpaiiemiM 3arpy3Kii npoii,eccopa. KaK oocyac/iajiocb b rjiaBe 26, coa/puine 
noTOKa ooxo/ihtcm KpafiHe a,oporo b CMbic/ie 3aTpaT iia.viHTH h CHiiaceHiia iiponabo/ 1 , 11 - 
Te/ibHOCTH. Ho xyace Bcero to, tio nocjie pa36jioKiipoBaHiia CTapbifi noTOK iiomb. ihctcm 
b ny/ic BMecTe c hobhm; to ecTb onepau,iiOHHOH chctcmc npnxo/iiiTCH n.iamipoiiaTb 
Bbino/iHeHiie nOTOKOB, kojuitcctbo kotophx npeBbimaeT kojimhcctbo npoyeccopoB, 
a 3HaaHT, yisejni'iiiisacTca aacTOia nepeKjHOTeHiiii KOHTeKCTa, tio, on/ri b ace, OTpmja- 
Te/ibHO cicaobiiiaci ca Ha 11 pon.3iso/yn e;i 1,1 iocth. 

CjIOBOM, CIIHXpOHII3aU,HH nOTOKOB HMeeT CTOJIbKO I l(‘>KCJiaTC. : l bl I bl X nOCJieflCTBHH, 
hto ii|)ii. io/icemiM c/ic/pycT npoeKTHpoBaTb TaK, Tioobi OHa iipii.MCiia.iacb KaK mo/ktio 
peace. H36eraiiTe o6in,iix AanHbix — HanpiiMep, CTaTimecKiix no/ieii. Kor/ja noTOK 
KOHCTpynpyeT hobmh o6beKT onepaTopoM new, onepaTop boaiipamac'i' ccbi/ncy Ha stot 

o6b€KT. I Ipil'ie.M B 3TOT MOMCIIT CCbUIKa I1.MCCTCTI TOJibKO y COa/plIOIIICrO o6bCKT nOTOKa, 

AJia /ipynix nOTOKOB oh iic/ioc'iyncii. Ecjiii He nepe/iaBaTb 3Ty ccbuiKy /ipyro.viy noTOKy, 
KOTOpblH MOaCeT HCn0JIb30BaTb o6beKT O/U IO H|)e.VTCI 1110 C nOTOKOM, C03/l,amill1.M o6beKT, 
lieo6xO/l,H.MOCTb B CITHXpOHII3aH,IIII OTHa/plCT. 

CTapaHTecb no B03MoacHOCTH pa6oTaTb co aiia'in.Mbi.Mii Tun a m it, noTOMy tio ohii 
iicer/i,a KonupyiOTca, h KaacAbiii noTOK b htotc pa6oTaeT c co6ctbchhoh icoimcii. Hy h, 
HaKOHeu,, HeT ini'iem CTpaniHoro b o/iiioispcMCimo.M yocTync pa3Hbix nOTOKOB k o6miiM 
aaHHbiM, ccjih 3th aaHHbie npe/i,Ha3HaHeHbi TOJibKO /yia HTeHiia. K npiiMepy, MHorae npn- 
. loacciiiia b npou,ecce HHHpnajrasapHH coa/iaiOT CTpyKTypbi yaiiiibix. noc/ie HHmjnajin- 
3au,HH npiuioacemie MoaceT coa/iytTb ctoju>ko nOTOKOB, cico. ibico oiinacT iicooxo/iyiMbi.M; 
it ecjiii bcc 3th noTOKii pernaT nojiyaiiTb AOCTyn k sthm aaHHbiM, ohii CMoryT c,a,ejiaTb sto 
OAHOBpeMeHHO, hc npii6eraa hii k 6jiOKiipoBaHiiio, hii k pa36jiOKiipoBaHiiio. I Ipn.Mcpo.M 
TaKoro noBefleHiia cjiyacHT Tim String. Co3a,amibie CTpoKii Heii3MeHHbi, noaTOMy oaho- 
BpeMeHHblH ZIOCTyil K HUM MOaCHO lipC/l,OCTaiiHTb ll|:)OI1.3b(). ; lbllO.Viy KOJIIineCTBy nOTOKOB, 
hc oiiacaacb iioii|)c>k/i,chiim /ijiiiiibix. 


Bn6/inoTeKn KJiaccoe m 6e3onacHOCTb nOTOKOB 

A ccii'tac xoTejiocb 6bi cKa3aTb HecKOJibKO cjiob o 6n6jinoTeKax KJiaccoB h ciiHxpoHii- 
3au,nn nOTOKOB. Bn6jinoTeKa FCL pa3pa6oTKii Microsoft rapaHTiipyeT 6e3onacHOCTb 
b OTHomeHiiii nOTOKOB BcexCTaTii'ieciciix mctoaob. 3to oana/iacT, tio o/i,iiois^icmci iiii>i ii 
Bbi30B CTaTii'iecKom mcto/pi a,ByMH noTOKaMii He 1 1]>ii 1 1o/i ,iit k iionpeac/iemiio /i,;ii111i>i x . 
MexaHii3M 3amiiTbi peajni30BaH BHyTpH FCL, nocKoabKy HeT cnoco6a o6ecne i niTb 
6jiOKnpoBaHiie c6opoK paa/ni'iiibix 11])0n./ino/in iejieii, cnopamnx 3 a /locryii k pecypcy. 
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Kjiacc Console conepacHT CTaTiinecKoe none, no KOTopoMy MHome H3 ero mctoaob 
ycTaHaBjiHBaiOT n cmiMaiOT 6/ioKiipoBKy, rapaHTiipya, tio b Kaacnbiii mo mo in BpeMemi 
AOCTyn k kohcojih 6yneT TO/ibKO y ohhoto noTOKa. 

KcTaTH, coa/uiime mcto/pi, 6e3onacHoro b OTHomeHim noTOKOB, He oana/iaer, m io 
BH yTpeHHC OH peajIII3yeT 6/IOKIipOBaHIie B paMKax CHHXpOHH3ailHH noTOKOB. IIpOCTO 3TOT 
MeTOA npeAOTBpamaeT noBpeacneHiie naHHbix npn nonbmce OHHOBpeMeHHoro nocTyna 
k hum co ctopohh HecKOJibKHx noTOKOB. Kjiacc System.Math oo/ianaer ciaiii'iecKiiM 
MeTOAOM Max, KOTopbiH peajni30BaH cjieAyrouiHM o6pa30M: 

public static Int32 Max(Int32 vail, Int32 val2) { 
return (vail < val2) ? val2 : vail; 

} 

3tot mcto/i, 6e3onaceH b OTHomeHim noTOKOB, xoth b hcm hct HiiKaKoro Kona 6./10- 
KiipoBaHiiH. TaK KaK ran Int32 othochtch k .'siia'iiiMbiM, /psa .siia'iemia otoio THna npn 
1 icpe/ui'ie b nepeMeHHyio Max KomipyiOTCH, a aiia/iin, pa3Hbie noTOKii MoryT o/iHOBpe- 
MeHHO o6pamaTbca k naHHoii nepeMeHHofi. IIpn 3 tom KaacnbiH noTOK 6yneT pa6oTaTb 

C Co6cTBeHHbIMH ,'l.ai 1111,1 M 11, H 30 JHip 0 BaHHbIMII OT BCeX II|)0'1HX nOTOKOB. 

B to ace BpeMH FCL He rapaHTHpyeT 6 e 3 onacHOCTH b OTHomeHim noTOKOB oicscm- 
II. IM|)III,IM MCTO/plM, TaK KaK BBe/ieHIie B HIIX 6./IOKTl|)\TOIUem KOAa CJIHHIKOM C II./ 11,110 

CKa3biBaeTca Ha npoii3BOH,HTejibHOCTH. Bojiee toto, ec/iii Kaacnbiii 3K3eMnjiHpHbiii mcto/i 
HanHeT BbinojiHHTb 6jiOKiipoBaHiie h paaonoiciipoiiamie, Bee .laicoii'imcH TeM, hto b npn- 
jioaceHim b KaacubiH momciit BpeMeHii 6 v/i,ct ncnojiHHTbCH to.ti,ko 0/1,1111 noTOK, ti o cine 
6ojibme CHH3HT npoii3BOAHTejibHOCTb. KaK yace ynoMiiHanocb, noTOK, KOHCTpyiipyromirii 
o6i>eKT, hbjihctch e/uiiiCTiseimbi.vi, kto 11 mcct k HeMy hoctvii. /IpyriiMnoTOKaM.tainibiii 
o6i>eKT iiCAOCTyneii, aana'iin, npn Bbi30Be :>i<.3c mii, i ar]> iii,ix mctoaob (TiiixpoiiiioaipiM He 
Tpe6yeTCH. O/piaico ec/i 11 totom noTOK iipe/tocTaiuiT ccbuiKy Ha o6i>eKT (noMecTHB ee 
b CTaTHnecKoe none, iiepe/uib ee b ica/iec/me apry.vieiiTa coctohhiih MCTO/py ThreadPool. 
QueueUserWonkltem hjih o6i>eKTy Task h t. n.), to TyT ciiiix|)oiin;ianiia yace noiia/1,0- 
6 htch, ecjni pa3Hbie noTOKii nonbiTaiOTCH OHHOBpeMeHHO nojiymiTb nocTyn k naHHbiM 
He TOJIbKO HJIH HTCHIIH. 

Co6cTBeHHbie 6ii6jiiiOTeKii KJiaccoB peKOMeH/iyeTCH CTpoiiTb no 3T0My narrep- 
Hy — to ecTb Bee crani'iecK'iie mcto/i, 1,1 c/ic/pycT cne/iaTb 6e3onacHbiMH b OTHomeHim 
noTOKOB, a 3K3eMnjiHpHbie mcto/i, 1,1 — HeT. Bii|)0'ic.vi, c/ienycT oroBopiiTb, tio ec/iH u,e- 
JlblO 3IC3,e.MII.TM|)IIOm MCTO/pl HBJIHCTCH l«)Op/l,H 11 ll|)01131111C nOTOKOB, CTO TOaCe C/IC/tyCT 
cne/iaTT, 6e3onacHbiM b OTHomeHim noTOKOB. K iipii.vicpy, 0 / 1,1111 noTOK MoaceT OTMeHHTb 
onepaiinio, Bbi3biBaH mcto/i, Cancel K/iacca CancellationTokenSource, a npyron no- 
tok, HC/iaH3anpoc k coo'riic'rc'rbVKjiiic.viy CBoiicTBy IsCancellationRequested o6i>eKTa 
CancellationToken, MoaceT o6HapyaciiTb, hto OTMCHa Ha caMOM ne/ie He HyacHa. BHyTpn 

3THX 3IC3CM I l. lCl])l I l,IX MCTO/1,0li CO/tCp/KIITCTI ClICIllia./lblI bl IT ICO/I, CHIIXpOIII13anl1 II nOTOKOB, 
rapaHTHpyiomHH hx CKOopnHHiipoBaHHyio pa6oTy*. 


1 Ilo/ie, k KOTopoMy ocymecTB/iHioT HOCTyn 06a uieHa, noMeiaeTCH KmoieBbiM cjiobom volatile, 
o KOTopoM mbi noroBopHM iyTb no 3 *e. 
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npUMUTUBHbie KOHCTpyKUHH 

nojib 30 BaTe/ibCKoro pewmvia 
m pewmvia ^Apa 

B 3toh r. : iaiic pacc.vtaTpiibaioTCH iipiivnnnmibie iconcTpyioiii n /p/rai CHHxpoHH3au;HH no- 
TOKOB. nOA <<npHMHTHBHbIMH» H nOApa3yMeBaiO npOCTeHinne KOHCTpyKIJHH, KOTOpbie 
aocTynHbi b Koae. Ohii 6biBaiOT AByx biiaob: nojib30BaTejibCKoro peacima h peacima HApa. 
IIo bo3mo5khocth HyacHO 3a/i,eHCTBOBaTb nepBbie, TaK KaK ohii 3»iia i mTC. : n>i[o 6biCTpee 
BTopbix h ncnojib3yiOT aah KOopflHHapHH noTOKOB cneii,iiajibHbie ;aipcin iim>i npoii,ec- 
copa. To ecTb Koop/uiiiaHiia n vicct MecTO yace Ha annapaTHOM ypoBHe (h iimoiiiio sto 
o6ecneHiiBaeT dbicTpoAeiicTBiie). OflHaico OAHOBpeMemio 3to 03HaHaeT, hto daoKiipoBKa 
noTOKOB Ha ypoBHe npHMiiTHBHOii KOHCTpyKii,iiii nojib30BaTejibCKoro peacHMa onepa- 
h,hohhoh CHCTeMofi Windows npocTO He paciio.iiiaciCM. A TaK KaK 3a6jioKiipoBaHHbiM 
TaKHM ci iocooom noTOK iiyaa Hecnriacica TaKOBbiM, nyjiHe C03/p:ict aoiio.Tiime.ibiibix 
noTOKOB aah BOcnojiHeHiiH 3arpy3Kii npopeccopa. KpoMe Toro, daoKiipoBKa nponcxoAHT 
Ha oaciib KopoTKoe is pc.vi a. 

Bisv'iht .Taviaii'iniso, He npaBAa ./in? Boaee toto, Bee aciicTbUTCJibiio TaK, hmchho 
i io.3TO.viy h peKo.vieiiA.vio HcnoAb30BaTb sth KoncTpyiainn KaK MoacHO name. Bii|)0'ie.vi, 
ohii He n;i,ca.Tbiibi. ToabKo hapo onepaii,HOHHOH cucTeMbi Windows MoaceT ocTaHOBHTb 
BbinojiHeHiie noTOKa, hto6h oh nepecTaji BnycTyio pacxoAOBaTb pecypcbi npopeccopa. 
3anymeHHbiH b nojib30BaTejibCKOM peaciiMe noTOK MoaceT 6biTb npepBaH onepaunoHHOH 
ciiCTe.vioii, ho aoiio. ibiio Obic'ipo cnoBa ovpct totob k pado'ie. B htotc noTOK, KOTopbiii 
nbiTaeTCfl, ho hc MoaceT nojiyniiTb HCKOTopbiii pecypc, HaaiiHaeT hhk.th'icckh cymecTBO- 
BaTb b noab30BaTejibCKOM peaciiMe. noTCHunaabHO sto hbahctch nycTbiM pacxoAOBamieM 
BpeMeHii npoii,eccopa, KOTopoe ./lyimc 6buio 6bi noTpaTHTb c iio.Ti>3oii — hjih npocTO 
pa3pemiiTb npoii,eccopy npocTaiiBaTb aah skohomhh aiicpniii. 

3to 3acTaii.T!.iCT Hac i icpeiiiii k npiiMHTHBHbiM KOHCTpyKH,iiHM peacHMa ha pa. Ohii 
npeAOCTaBjiHiOTCH caMoii onepaii,HOHHOH chctcmoh Windows h rpedyiOT ot noTOKOB 
npHjioaceHHH Bbi30Ba (|:iyiiKHHH, peajiii30BaHHbix b H/i,pc. I IepexoA noTOKa mcacav nojib- 
30BaTejibCKiiM peaciiMOM h peacHMOM HApa rpedycT siia'ime./ibiibix 3aTpaT pecypcoB, 
iio.3TO.viy KOHCTpyKH,iiii peacHMa HApa KpaiiHe ACCAaiCAbiio ii.aderaTb 1 . OAHaKO h y hiix 
eCTb CBOH AOCTOIIHCTBa. ECAH OAHH nOTOK IICII0.Tb3.yCT KOIICTpy KTII1I0 peACHMa HApa A'TH 

noAyneHHH AOCTyna k pecypcy, c kotophm yace padoTaeT Apyroii noTOK, Windows 6ao- 
KiipyeT ero, 'itooi.i He TpaTHTb noHanpacHy BpeMH npoii,eccopa. A 3aTeM, Koiya pecypc 
CTaHOBHTCH AOCTynHbiM, daoKiipoBKa CHiiMaeTCH, h noTOK no.TyiacT AOCTyn k pecypcy. 

EcAH nOTOK, IICHOAb3yiOmHH B AaHHblii MOMeHT KOHCTpyKH.1110, He ocbo6oaht ee, 
oaciiAaiomiiii KOHCTpyKUHH noTOK MoaceT 0Ka3aTbCH 3a6AOKiipoBaHHbiM HaBcerAa. B stom 
c./iyiae b n0Ab30BaTeAbCK0M peaciiMe noTOK occkoiic'iiio iicnoAHHeTCH npoii,eccopoM; 
3T0T BapiiaHT dAOKIipOBKII Ha3bIBaeTCH ClKmueHOil (mIIBOU) 6jl0KUp06K0U (livelock), 


1 


ByTt AaABine b 3 toh raaBe noKa 3 aHa nporpaMMa, H 3 MepaioinaH npoH 3 BOAHTeABHOCTb. 
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hah 3aeucaHueM. B poicn.vie ha pa noTOK dnoKiipyeTCH HaBcerna, stot ran o.iOKiipomai 
Ha3biBaeTCH e3aimHou (juepmeou) 6 jiokupo6kou (deadlock). 06e CHTyaprai no-CBoeMy 
njioxH, ho ecjiH BbidnpaTb H3 /ppyx 30.1 , BTopofi BapnaHT bhahtch donee upe/piO'ii H- 
TenbHbiM, noTOMy 'no b nepBOM cnyuae BnycTyio pacxoAyiOTCH KaK BpeMH npopeccopa, 
TaK h naMHTb (cTeK noTOKa h t. n.), a bo btopom cnyuae pacxoAyeTCH TonbKO naMHTb 1 . 

B HAeanbHOM Miipe y Hac dbura 6bi KOHCTpyKHHH, coneTaiomiie nymane ocodeHHOcm 
odonx TimoB: dbiCTpo padoTaioiHiie h hc dnoKiipyioiHHecH (KaK KOHCTpyKHHH nonb30Ba- 
TCJIbCKOrO pe/KH.Via) B yCAOBIIHX OTCyTCTBIIH KOI I KypCI I HI1II. A CCAII KOHCTpyKH.HH lia'lll- 
Hann 6bi conepmiHaTb Apyr ApyroM, hx dnoKiipoBano 6bi hapo onepaHiiOHHoii chctcmh. 
OniicaHHbie KOHCTpyKHHH nance cymecTByiOT b npupone, h Ha3biBaio hx zudpudHbiMU 
(hybrid constructs), h mbi paccMOTpiiM hx b cneAyromeH rnaBe. Hmchho rndpiiAiibic 

KOHCTpyKHHH OObl'IIIO HCnOJIb3yiOTCH B lipiUlO/Keilll MX, TaK KaK B 6)0.1 bl11 IT I IC I liC 11]) 11.10- 
aceHHH HecKOJibKO noTOKOB KpariHe peAKO nbiTaiOTCH OAHOBpeMeHHO nojiyiiiTb AOCTyn 
k oahhm h TeM ace /lainibi.vi. liiopn/pibie KOHCTpyKHHH ochobhoc BpeMH nonnepacHBaiOT 
6biCTpyio padoTy npunoaceHiiH h nepnoAHuecKH 3aMeAAHi0TCH, dnoKiipyH noTOK. OnHa- 
ko 3to 3a.\ie/i,jieniie b tot momcht He HMeeT ocodoro aiia'iemia, noTOMy ti o noTOK Bee 
paBHO dyAeT 3adnoKiipoBaH. 

MHOnie H3 KOHCTpyKHHH CHHXpOHH3aHHH nOTOKOB B CLR HBAHIOTCH BCCTO JIIIHIb o6b- 
eKTHO-OpiieHTIipOBaHHblMH odoAOHKaMII KAaGCOB, nOCTpOeHHbIX Ha 6a3e KOHCTpyKHHH 
CHHxpoHH3aHHH noTOKOB Win32. B koii lie kohhob, CLR-noTOKii hbahiotch noTOKaMH 
onepaHHOHHOH ciictcmi>i Windows, KOTopaH ii. ; iaiiii|)ycT h KOHTponupyeT hx cimxpo- 
HH3aHHK>. KOHCTpyKHHH ciiHxpoHH3aHHH cymecTByiOT c 1992 roAa h o hhx HanucaHO 

MHOHCeCTBO KHIIT 2 , II03T0M y B 3T0H l ./iaiSC H Or|)ai111 1 I VCb JIIIHIb KpaTKHM 0d30p0M. 


KOHCTpyKLlMM n0/lb30BaTe/1bCK0r0 pe>KMMa 

CLR rapaHTiipyeT aTOMapHOCTb htchiih ii 3aniiCH cacavioiiuix TimoB Aamibix: Boolean, 
Chan, (S)Byte, (U)Intl6, (U)Int32, (U)IntPtn, Single h ccbinouHbix ranoB. 3to 03Ha- 
'lacr, tio Bee daihbi nepeMeHHoir 'iinaiOTCH iiah 3aniicbiBaiOTCH OAHOBpeMeHHO. IIpeA- 
noAoacHM, imeeTCH cneAyioiHiiH Kviacc: 

internal static class SomeType { 
public static Int32 x = 0; 

} 

Ecah KaKoii-TO noTOK BbinoAHHeT cneAyiomyio CTpoKy KOAa, to nepeMeHHaH x cpa3y 
(aTOMapHO) H3MeHHCTCH c 0x00000000 ao 0x01234567: 

SomeType.x = 0x01234567; 


1 H ciHTaio, hto BbiAeneHHan noTOKy naMHTb pacxoAyeTCH BnycTyio, ecnii noTOK He BbinoAHHer 
HHKaKoii none 3 Hoft padoTbi. 

2 B Moeft KHHre « Windows via C/C++>> (Microsoft Press, 2007) 3 Toii TeMe nocBHiiieHo He- 


CKOAbKo rnaB. 
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IIpH 3TOM nOCTOpOHHIie IIOTOKII He VBH/IJTT nepeMeHHyiO B ll|)OMC>KyTO'II[OM cocto- 
hhhh. K npuMepy, apymii noTOK He MoaceT 3anpocHTb cbohctbo SomeType. x h noay- 
HHTb 31 ia>reii hc 0x01230000. I IpeAnoAoacHM, hto noae x KJiacca SomeType othochtch 
k Tuny Int64. Ecjih noTOK BbinoaraiT caeayiomyio CTpoKy Koaa, to Apyroir noTOK cmo- 
>kct caeaaTb 3anpoc nepeMeHHoir x h noayuHTb .'iiia'iemu' 0x0123456700000000 11.111 
0x0000000089abcdef, TaK KaK oncpannii 'nciiiia h 3anHCH He hbjijhotch aTOMapHbiMii: 

SomeType.x = 0x0123456789abcdef; 

3to npimep TaK Ha3biBaeMoro npepeauHozo umenun (torn read). 

Xoth aTOMapHbiii aoctvii k nepc.vicnimii rapaHTupyeT, tio 'nemie h aamicb ocy- 
mecTBjuiioTCH OAHOBpeMeHHO, ii3-3a paooTbi KOMraijiHTopa h onTHMH3an,HH npoueccopa 
Bbl He MO/KCTC 3HaTb, KW()a UMCHHO 111)011.30 iT/l.C'1 'ITCHHC HJIH 3anHCb. IIpHMHTHBHbie 
KOHCTpyKuiiH nojib30BaTejibCKoro peaoiMa, paccMOTpeHHbie b otom pa3/i,eae, ynpaBamoT 
BpeMeHeM i!biiio. iiieniia 3 thx aTOMapHbix oncpauiiri. KpoMe Toro, ohii ooeciie'iimaiOT 
aTOMapHOCTb h yiipanaemie BpeMeHeM hi>i 11o. ii icie na ,vih nepeMeHHbix thhob aamibix 
U(Int64) h Double. 

IIpHMHTHBHbie KOHCTpyKUHH CHHxpoHH3au;HH nOTOKOB nojib30BaTejibCKoro peaaiMa 
AejiHTCH Ha aB a THna: 

□ Volatile-KOHcmpyKU,uu BbinoaHmoT /yni nepeMCHHori, coaepacameii aamibie npocToro 
THna, aTOMapHyio oneparuiio tichhm wiu 3anriCH. 

□ Interlocked-KOHcmpyKipni BbinoaHmoT /yin nepeMeHHori, coaepacameii aaHHbie npo- 
CToro Tuna, aTOMapHyio oneparuiio HTeHira u 3anriCH. 

KoHCTpyKu,HH o6ohx THnoB TpedyiOT 1 icpe/ui'i h ccbuiKH (a/ipeca b i la.viM'i n) Ha nepe- 
MeHHyio, npriHa/yieacamyio k npocTOMy THny aaHHbix. 


Volatile-KOHCTpyKuim 

Kor^a KOMnbiOTepbi ToabKO noHBHAHCb, nporpaMMHoe odecneneHiie nncaaocb Ha acceM- 
6aepe. 3to 6 b 1.1 o KpaiiHe yTOMHTeabHoe aaiiHTiie, TaK KaK nporpaMMHCT aoaacen 6 i>i. i 
cjiopMyjiHpoBaTb Bee b hbhom ishac: Hcnoab30BaTb onpeAeaeHHbifi perncTp npoueccopa, 
nepeaaTb ynpaii. : iennc, ocymecTBHTb KOCBeHHbiii bm30b h t. n. /(./i>i ynpomeHim aaaa't h 
6bian npHAyMaHbi nabrKH BbicoKoro ypoBHH. Hmchho b hiix BnepBbie 6bian peaaii30BaHbi 
npriBbiHHbie KOHCTpyKu,Hii if/else, switch/case, niiK.Tbi, aoKaabHbie nepeMeHHbie, 
apryMeHTbi, Bbi30Bbi BHpTyaabHbix .viCTOAOb, neperpy3Ka onepaTopoB h mhotoc apyroe. 
B kohchhom HTore KOMnnanTop npeo6pa3yeT KOHCTpyratHH BbicoKoro ypomia b hh3- 
KoypoBHeBbie, no3Boajiioiune KOMnbiOTepy noHHTb, hto hmchho eMy caeayeT aeaaTb. 

/(pyrHMH caoBaMii, KOMniianTop C# npeo6pa3yeT KOHCTpyKUHH H3biKa C# b KOMaH- 
Abi npoMeacyTonHoro aai.iica (Intermediate Language, IL), KOTopbie, b cboio ouepean, 
J IT-KOMiui./ia iop npeBpamaeT b MamiiHHbie aiipeirnibbi, odpadaTbmaeMbie yace Heno- 
cpeacTBeHHO npoueccopoM. 11p 11 stom KOMnnaaTop C#, JIT-KOMnnaaTop h aaace caM 
npoueccop MoryT onTHMH3npoBaTb Bam koa. K npriMepy, nocae KOMnnaannn caeayro- 
111,11 ii Heaenbiii mctoa b KoneanoM HTore npeBpaTHTCH b iiiimio: 
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private static void OptimizedAway() { 

// BbNMC/ieHHafl BO BpeMfl KOMnU/lflpMH KOHCTaHTa paBHa Hy/iio 
Int32 value = (1 * 100) - (50 * 2); 

// Ec/in 3HaMeHne paBHo 8 , lihk/i He Bbino/iHneTcn 
for (Int32 x = 0; x < value; x++) { 

// KOfl UHK/ia He Hy*HO KOMnn/lHpOBaTb, TaK KaK OH HHKOTfla He BbinO/lHBeTCH 
Console.WriteLine("Deff"); 

} 

} 


B 3TOM KOJXe KOMniUIHTOp BbIHCHHeT, MTO 3l[a>l(‘l[HC liCCr/UI pHBHO 0, a .'ilia'IHT, mi KM 
HiiKorna He 6yAeT BbinojiHeH h cootbctctbchho hct mucaKOH HyacAbi KOMmunipoBaTb koa 
BH yTpn Hero. Ot .vieio/ia b HTore mojicct mi'iem He ocraTbCH. /],ajiee, npn komhhjihiihh 
M eTOAa, Bbi3biBaioriiero mctoa Opt imi zed Away, J IT-KO.\nm.iMTO|) nmii.iTacTCM BCTpoiiTb 
Ty^a koa MeTOAa OptimizedAway, ho TaK KaK stot koa OTcyTCTByeT, KOMmiAHTop Aaace 

HCKAIOHHT CaM KOA BbI30Ba MeTOAa. Pa3pa6oTHHKII O'KMIb .TIOOHT 3TO CBOHCTBO KOMnil- 
AHTopoB. Oobi'ino koa nbiTaiOTCH nncaTb MaKCHMajibHO oc.vibicjiemio; oh AO./i/icen 6biTb 
npocTbiM aah 'neiiiia, 3amiCH h pcAaianpoisaimM. A 3aTeM komiih./imtop nepeBOAHT 
ero Ha H3MK, hohhthmh KOMnbiOTepy. H mm xothm, hto6m KOMniuiHTopbi ;ie. : ia./in sto 
M aKCHMajibHO XOpOIHO. 

B npou,ecce onTHMH3an,iiii koah KOMmiJuiTopoM C#, JIT-KOMmiAHTopoM h npo- 
n,eccopoM rapam upycica coxpaHemie ero iia.iiia'iemia. To ecTb c tohkh 3peHim OAHoro 
noTOKa MeTOA /ic.iacT to, aa'ic.vi mm ero nan ncaar n, xoth cnoco6 peajiii3an,HH mo>kct ot- 
jiii'iaTbca ot omicaHHoro b iicxoahom koac. Oahako rrpn nepexoAe k MHoronoTOHHofi 
Koi[())iirypannn cuTyamui mo>kct ii3.\iemn bca. Bot npiiMep, b kotopom b peay.! biarc 
onTHMH3an,HH nporpaMMa crajia pa6oTaTb He TaK, KaK o/Kn/ia. : ioci.: 

internal static class StrangeBehavior { 

// flanee Bbi yswuwre, hto npo6/ieMa peuiaeTcn o6bflB.neHneM aToro noun volatile 
private static Boolean s_stopWorker = false; 

public static void Main() { 

Console.WriteLine("Main: letting worker run for 5 seconds"); 

Thread t = new Thread(Worker); 
t.Start(); 

Thread.Sleep(5000); 
s_stopWorker = true; 

Console.WriteLine("Main: waiting for worker to stop"); 
t. Doin(); 

} 

private static void Worker(Object o) { 

Int32 x = 0; 

while (!s_stopWorker) x++; 

Console.WriteLine("Worker: stopped when x={0}", x); 

} 

} 
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Mctoh Main b stom cjipameHTe Kona C03,a,aeT hobmh iiotok, HcnojiHHiomHii mctoh 
W orker, KOTopbiii ciinacr no isoapamaioiueii, noKaHe nojiynnT Ko.\iaii/i,y ocTanomri bca. 
MeTOA Main no3BoajieT noTOKy MeTOAa Worker pa6oTaTb 5 ceKyHfl, a 3aTeM ocTaHaB- 
jniBaeT ero, npiiCBaiiBaa CTaranecKOMy noaio Boolean .'iiianeime true. B stot mom cut 
noTOK MCTO/i,a Worker noaacen BbreecTH peayaivraT oiera, nocjie aero oh aaiiepiimiCM. 
MeTOA Main ayieT 3aBepmeHiiH MeTOna Worker, Bbi3biBaeT mctoa Join, nocae aero no- 
tok MeTO,a,a Main B03BpamaeT ynpaBaemie, 3acTaBjiHH Becb npou,ecc npeKpaTHTb pa6oTy. 

BbirjiHAHT npocTO, HeTaK,i h? HonporpaMMaCKpbiBaeT iiOTCimiiaainiiiienpo6aeMbi 
H3-3a B03M0aCHbIX OnTHMH3aH,HH. Hpil KOMnHJI>THHH MCTO/pl Worker KOMnilJIHTOp o6Ha- 
pyaoiBaeT, hto nepeMCHHaa s_stopWorker MoaceT npHHHMaTb 3HaneHiie true hjih false, 
HO BHyTpH MCTO/pl 3TO 3> I la’fCI I HC HIIKOraa He MeilHCTCH. I loOTOMV KOMnHJIHTOp MOKeT 
C03/i,aTb koa, 3apaHee npoBepaiomHii cocTOHHiie nepeMeHHoii s_stopWorker. Ecjih OHa 
HMeeT a.iia'K'mie true, bhbo/i,htch pe3yabraT "Worker: stopped when x=0". B npo- 
thbhom caynae KOMmiaaTop C03,a,aeT koh, Bxoaamnii b 6ecKOHeHHbiii rpaca h 6ecKOHeHHO 
yBejniHHBaiomHH aiianemie iicpc.Memioii x. npn stom oinaiMiiaaima .'sacTaiiaacT hhkji 
pa6oTaTb KpaHHe 6biCTpo, TaK KaK npoBepKa nepeMCHHofi s_stopWorker ocymecTBaaeTca 
i icpc/i, H.HKJIOM, a npoBepKii nepeMeHHoii Ha icaac/to ii HTepaiirni mi K. ia He nponcxonHT. 

Ecan Bbi xoTiiTe nocMOTpeTb, KaK sto pa6oTaeT, noMecTHTe ko a b ejaaiia c pacmupeHii- 
eM .cs h CKOMnujiMpyHTC ero c KaroaaMii platform: x86 h /optimize+ KOMmiaaTopa C#. 
3anycTiiTe noayneHHbiii iicnoaHaeMbni (fiaira h bm y6e/iHTecb, hto nporpaMMa pa6oTaeT 
6ecKOHenHO. 06paTiiTe BHHMaHHe, hto BaM HyaceH JIT-KOMnnaaTop naa naaTcjiopMbi 
x86, KOTopwii coBepmeHHee KOMnnaaTopoB x64 h IA64, a 3HaniiT, o6ecneHHBaeT 6oaee 
noaHyio onTHMH3au;HK). OcTaabHbie JIT-KOMmiaaTopbi He BbinojiHaiOT onTHMH3anmo 
CToab TmaTeabHO, nosTOMy nocae hx pa6oTbi nporpaMMa ycneniHO 3aBepmiiTCH. 3 to 
no/tnepKHBaeT eiu,e ohiih HHTepecHbiH acneKT: iiToroBoe noBe/ieHiie Bameii nporpaMMbi 
33BHCHT OT MHOaCeCTBa (JjaKTOpOB, B HaCTHOCTH OT Bbl6paHHOIi BepCIlIT KOMmiaHTOpa H HC~ 
noab3yeMbix Karoneii, ot Bbi6paHHoro JIT-KOMmiaaTopa, ot npopeccopa, KOTopwM 6y/teT 
BbinoaHHTb KOfl. KpoMe Toro, nporpaMMa He CTaHeT pa6oTaTb 6ecKOHenHO, ecan 3anycTiiTb 
ee b OTaaflHHKe, TaK KaK OTaa/iaiiK 3acTaBaaeT JIT-KOMmiaaTop orpaHiimiTbCH HeonTii- 
Mii3iipoBaHHbiM kohom, KOTopbiii npom,e no/maeTCH BbinoaHeHiiio b nomaroBOM peaciiMe. 

PaccMOTpiiM apyrofi npimep, b kotopom napa nOTOKOB ocymecTBaaeT nocryn k p,ByM 
noaHM: 

internal sealed class ThreadsSharingData { 
private Int32 m_flag = 0; 
private Int32 m_value = 0; 

// 3 tot MeTOfl ncnonHneTcn oahum nOTOKOM 
public void ThreadlQ { 

// nPHMEHAHME. Ohh MOryT Bbino/iHSTbcn B o6paTHOM nopflflKe 
m_value = 5; 
m_flag = 1; 

} 


// 3tot MeTOfl ncno/iHaeTCfl apyruM nOTOKOM 
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public void Thread2() { 

// nPUMEHAHME. none m_value mo>kgt 6biTb nponuTaHO paHbwe, hgm m_flag 
if (m_flag == 1) 

Console.WriteLine(m_value); 

} 

} 

B naHHOM cjiynae npo6neMa b tom, hto KOMraiJiaTopw h npoueccop MoryT OTTpaHOin- 
pOBaTb KOA TaKHM o6pa30M, HTO ABe CTpOKII B MCTOAC Threadl nOMeHJHOTCH MeCTaMH. 
PaayMCC'iCii, sto He naMCiim iipe/piaaiia'ieiniM mcto/ui. Mctoa aoaacch iioaiyam b 3Ha- 
uctihc 5 b nepeMeHHofi m_value h 3HaueHiie 1 b nepeMeHHofi m_f lag. C tohkii 3peHira 
OAHonoTOHHoro npHjioateHHH nopnAOK m<mo.memiH ctpok ico/yi He HMeeT aiiaaemiM. 
Ecjih ace noMeHHTb yKa3aHHbie CTpoKii MeCTaMH, Apyroii noTOK, BbinojiHjnoniHH mctoa 
Thread2, MOOKem o6HapyacHTb, hto nepeMeHHaa m_f lag HMeeT 3HaneHiie 1, h BbiBeAeT 
.'ina'ieime 0. 

PaCCMOTpiIM 3TOT KOA C APyrOH TOHKH 3peHI-IH. IIpeAnOAOACHM, HTO KOA MCTOAA 
Threadl BbinojiHueTCH TaK, KaK npedycMompeno npozpaMMOU (to ecTb TaK, KaK oh Ha- 
raicaH). 06pa6aTbiBaa koa mctoaa Thread2, komiiii.ihtop aoaaccfi creHepiipoBaTb koa, 
HHTa[oin,HH 3HaHeHiiH nepeMeHHbix m_f lag h m_value H3 onepaTHBHofi naMHTH b pe- 
racTpw npou,eccopa. H B03M0acH0, tio iiaMinb nepBOH BbmacT aiiaaemie nepeMeHHofi 
m_value, paBHoe 0. 3aTeM MoaceT BbinojiHiiTbca mctoa Threadl, mciiaioiuhh .snane mi e 
nepeMeHHofi m_value Ha 5, a nepeMeHHofi m_f lag — Ha 1. Ho peracTp npou,eccopa Me- 
TOAa Thread2 He bhaht, hto 3HaueHiie nepeMeHHofi m_value 6biao H3MeHeHO ApyniM 
noTOKOM Ha 5. I loc.ac atom 113 onepaTHBHoii na.vun h b pcnicTpc npoiieccopa MoaceT 
6biTb c'linaiio .iiia'iemic nepeMeHHofi m_f lag, CTaBinee paBHbiM 1. B pe.awibTaTe mctoa 
Thread2 CHOBa BbiBeAeT aiia'ienne 0. 

Bee 3TH KpaiiHe HenpiuiTHbie co6bmra, CKopee Bcero, npiiBeAyT k npo6aeMaM b okoh- 
'laTC.Muioii, a He b oTiia/i,o , moii Bepcioi nporpaMMbi. B pe3yABraTe aa/yria m.iMn.iemiH 
ii|io6;iCMbi h ncnpaBAeHHH KOAa CTaiioiiHTCM HeTpiiBiiajibHofi. I Iootomv cefiuac AaBafiTe 
noroBopiiM o tom, KaK ncnpaBiiTb koa. 

K./iacc System. Threading .Volatile coAepacHT ABa ciaTnMCCiaix MeTOAa, KOTopbie 
BbirAHAHT caeAyiomiiM o6pa30M‘: 

public sealed class Volatile { 

public static void Write(ref Int32 location, Int32 value); 
public static Int32 Read(ref Int32 location); 

} 

3to cneu,iiajibHbie mctoa bi, OTic. iio'iaiomnc onTHMH3au,iiii, oobrmo BbinojiHaeMbie 
KOMmiAHTopoM C#, JIT-KOMniuiHTopoM h co6cTBeHHO npoiieccopoM. Bot KaK OHII 
pa6oTaiOT: 


1 CymecTByioT TaKace neperpyacemibie Bepcira mctoaob VolatileRead h VolatileWrite, pa6o- 
TaioiUHe c TimaMit: Boolean, (S)Byte, (U)Intl6, UInt32, (U)Int64, (U)IntPtr, Single, Double 
ii T, rAe T — o6o6meHHBifi Tim c orpamiueHiieM 'class’ (ccbijiouHbie Timbi). 
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□ MeraA Volatile .Write aacTaiuMCT .aanHcaTb .siia'iemie b napaMeTp location He- 
nocpc/tCTBCimo b MOMeHT oopamemia. Eonee pam rue 3 arpy 3 KH h coxpaiiemia npo- 
rpaMMbi aoaachm nponcxoAHTb do ebisoea otoio MCToaa. 

□ Mctoa Volatile. Read aacTaiuMCT cniiTaTb anaacime napaMeTpa address Henocpefl- 
CTB6HH0 b MOMeHT oopamemia. Eonee no3duue 3arpy3Kii h coxpaneima nporpaMMbi 
AOjiachm nponcxoAHTb nocne ebisoea 3toto MeTOAa. 


BHMMAH11E 

HTo6bi He 3anyTaTbcn, npi/iBeAy npocToe npaBn/io: npn B3anMOAencTBnn noTOKOB APyr 
c APyroM nepe3 o6iAyio naMHTb 3anncbiBanTe noc/ieAHee 3HaneHne mbtoaom Volatile. 
Write, a nepBoe 3HaneHne Mntante mbtoaom Volatile.Read. 


Tenepb npri noMomu y ica.tai i f i f>ix mctoaob mojkho ncnpaBHTb KJiacc ThreadsSharing- 
Data: 

internal sealed class ThreadsSharingData { 
private Int32 m_flag = 0; 
private Int32 m_value = 0; 

// 3tot MeTOfl Bbino/iHneTCfl oahum nOTOKOM 
public void ThreadlQ { 

// nPUMEHAHME . 5 HyjKHO 3anncaTb B m_value ao 3anncn 1 b m_flag 
m_value = 5; 

Volatile.Write(ref m_flag, 1); 

} 

// 3TOT MeTOA BbinOAHBeTCfl BTOpbIM nOTOKOM 
public void Thread2() { 

// nPUMEHAHME. none m_value aoawho 6biTb nposnTaHO nocne m_flag 
if (Volatile.Read(ref m_flag) == 1) 

Console.WriteLine(m_value); 

} 

} 

Ofipamaio Bame BHiiMaHiie Ha hctkoc coo.iiOAcmie npaBHJi. Mctoa Threadl 3anHCbi- 
aacT /psa siianeima b iio.tm, k kotophm HMeioT AOCTyn HecKOJibKO noTOKOB. I locpeypice 
;si [anemic, KOTopoe mm xothm aamicaib (npHCBoeraie nepeMeHHoii m_f lag .snaHcmia 1), 
aamicbibaeiCM mctoaom Volatile. Write. Mctoa Thread2 mnaeT 06a.snaneima H3 no- 
Aeii o6mero AOCTyna, npHHC.vi 'rreimenepBoro H3 hiix (m_flag) isbiiio.iiiMe'iCM mctoaom 
V olatile.Read. 

Ho hto 3Aecb npoHexoAHT Ha caMOM Aeiie? MeTOAa Threadl bm30b MeTOAa 
Volatile. Write rapaHTiipyeT, mto Bee 3anHCH b nepeMeHHbie 6y/i,y'r 3aBepmeHbi ao 3a- 
nncH aiia'iemiM 1 b nepeMeHHyio m_f lag. TaK KaK oiiepaipia m_value = 5 pacnojioAceHa 
AO Bbi30Ba MeTOAa Volatile .Write, OHa ciianaiia AOJDKHa 3aBepmiiTbCH. Eonee toto, 
3HaHeHiiH CKOAbKiix 6bi nepeMCimbix hh pcAaKTiipoBajmcb ao Bbi30Ba MeTOAa Volatile. 
Write, Bee oth onepaitrai cneAyeT 3aBepmiiTb ao 3anncH .siiaHcmiH 1 b nepeMeHHyio 
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m_f lag. ITpi-I 3TOM BCe 3TH 0licpanini MOaCHO OnTHMH3IipOBaTb, BbinOJIHHH IIX B jiio6om 
iiopa/nce; raaBHoe, 'rro6p>i Bee ohii aaKOii'in./mcb no Bbi30Ba mcto/ui Volatile .Write. 

Bbi30B mcto/pp Volatile. Read /pin mcto/pi Thread2 rapam upycT, hto aiia'iemia 
Bcex nepeMeHHbix oyayi upon map 11,1 nocne a.iiaaciiiiM nepeMeHHofi m_f lag. TaK KaK 
HTemie nepeMeHHofi m_value npoiicxoAHT nocne Bbi30Ba Mera/ia Volatile. Read, oho 
A onacHO ocymecTBjiHTbca TOJibKO nocjie 'nemia .iiiaaemia nepeMeHHofi m_f lag. To ace 
caMoe KacaeiCM 'itciiipm Bcex OGTa/ibHbix nepeMeHHbix, pacnonoaceHHbix nocne Bbi30Ba 
mcto/pi Volatile. Read. IIpii stom oricpanini htcfihm nocjie mcto/pi Volatile. Read 
MoacHO onTHMH3iipoBaTb, isi.i11o. i11a h hx b jik)6om iiopa/pce; npocTO 'ncmie CTaHeT He- 
B03MoacHbiM no Bbi30Ba mcto/up Volatile. Read. 

noAAep>KKa no/ieft Volatile b C# 

Kan rapaHTiipoBaTb, hto nporpaMMHCTbi 6ya,yT KoppeKTHO Bbi3biBaTb Mera/ibi Volatile. 
Read h Volatile. Write? Cnoarao npo/iyMaTb Bee, b nacraocra npe/iCTaBHTb, hto 
HM eHHO MoryT /leiiara c o6ihhm h p,aHHbiMH Apyrne noTOKii b (Jiohobom peacHMe. /],jiji 
yiipoiuemia CHTyaniiii b C# 6buio isbc/pciio ic. iioaenoc cjiobo volatile, iipiiMCime.Yioe k 
CT aTHnecKiiM hjih 3K3CMii;m|)iii.iM nojiHM ranoB Boolean, (S)Byte, (U)Intl6, (U)Int32, 
(U)IntPtr, Single h Char. TaKace oho iipii.YteiiMCTCM k ccf>i. iomii in,\i THnaM h jho6mm 
1 icpc'p hcji 11 mF ji m nojiHM, ecjni b ochobc iioc. : ic;niiix jieacHT ran (S)Byte, (U)Intl6 hjih 
(U)I nt32. J IT-icoMim.iMTop rapaHrapyeT, [ ito /lociyii k iio.tm.yi, iioMC'ieiiiii.iM ,paiiiii,iM 
KjnoneBbiM cjiobom, 6y/[,ci npoiicxoAHTb b peaciiMe BOJiaTiuibHoro 'neiiiiH hjih 3aniicii, 
noaTOMy b hbhom i5ii/i,e Bbi3biBaTb CTaranecKHe yicto/oj Read h Write Kjiacca Volatile 
6ojibme He TpeoycTCM. Bojiee Toro, K.iio'ieiioc cjiobo volatile 3anpemaeT ico.yiiiii.tmto- 
py C# h JIT-KOMniuiHTopy KsmupoBaTb co/iepacHMoe iio.im b peniCTpbi iiponeccopa. 
3 to rapaHTiipyeT, hto npn Bcex oiiepaniiax mtchhm h 3a it itch MaiiHnyjiannH 6yayi' 
npOH3BOJI,HTbCH iiciiocpc/icniciiiio c IPa.VtHT blO. 

KaioneBoe cjiobo volatile no3BOJineT nepenucaTb Kjiacc ThreadsSharingData 
cjieAyromiiM o6pa30M: 

internal sealed class ThreadsSharingData { 
private volatile Int32 m_flag = 0 ; 
private Int32 m_value = 0 ; 

// 3tot MeTOfl ncnoyiHaeTCfi oahum nOTOKOM 
public void ThreadlQ { 

// nPUMEHAHME. 3HaHeHne 5 aotdkho 6biTb 3anncaHo b m_value 
// nepefl 3anncbK) 1 b m_flag 
m_value = 5; 
m_flag = 1; 

} 

// 3tot MeTOfl ncnonHaeTCfi ApyruM nOTOKOM 
public void Thread2() { 

// nPMMEHAHME. none m_value ao/dkho 6p>iTb npoHmaHo noc/ie m_flag 
if (m_flag == 1) 

Console.WriteLine(m_value); 

} 

} 
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HeKOTopbie pa3pa6oT x niKii (b tom 'tnc./ie a) He ak>6at k.iio'ichoc cjiobo volatile 
h Cf m aiOT, tio He ctohjio bboahtb ero b C# 1 . Mm curiacM, tto 6 ojibiHiiHCTBy ajiro- 
Phtmob He nv/iceu o/pioiipcMemibiii AOCTyn Ha tichuc h 3anncb iio.im co ctopohm He- 
CKOJIbKHX nOTOKOB. A B SoAblHIIHCTBC OCTaBHIHXCH ajITOpHTMOB MOACHO O l |)ai III'I II I PjCM 
o6muhmm aocTynoM k nojuo, noBbimaiomeMy npoii3BOAHTeAbHOCTb. A AOCTyn k noaio, 
noMeaeHHOMy KaK volatile, Tpe6yeTca KpafiHe peAKO. K npimepy, caoacho o6bHCHHTb, 
KaK npHMeHHTb onepauji 10 HO./rei i h.ti>hoio tichiim k TaKOMy bot a;iropn'i'.viy: 

m_amount = m_amount + m_amount; // npeano^araeTca, hto none m_amount 

// onpefleneHO KaK volatile 

06bIHHO uejioe HHCAO MOACCT 6 bITb yABOCHO npOCTbIM CABIirOM Bcex 61 ITOB Ha CAHHHHy 
BJieBO, h MHorne komiiii. : imto|)i,i MoryT o 6 pa 6 oTaTb TaKofi koa h BbinojiHHTb yKa3aHHyio 
onTHMH3au,iiK). Ho ecAH noMeTHTb rio.ie m_amount K. ; iio'icm>i\i caobom volatile, on- 
THMH3au,iia CTaHeT hcbosmoachoh. KoMnHAHTopy npHACTca co3AaTb koa, 'imaiomuii 
nepeMeHHyio m_amount H3 peniCTpa, 3aTeM THTaromiiH ee eme pa3 H3 Apyroro peniCTpa, 
CKAaAbiBaromHH ab a 3HaHeHiia h 3anHCbiBaiomHH pe3yAbTaT o 6 paTHO b noAe m_a mount. 
HeonTHMH3HpoBaHHbin koa onpeAeAeHHO 3aHHMaeT 6 oAbine MecTa h MeAAeHHefi pa 6 o- 
TaeT; Bp a a aii 6 mao 6 m yMecTHO noMemaTb Taicoii KOAa BHyTpb uiiicia. 

K TOMy Ate C# He noAAepACHBaeT nepeAauy BOAaTHAbHoro noAH no ccbiAKe b mctoa. 
K npiiMepy, ecAH npiiHaAAeacamee Timy Int32 BOAaTiuibHoe noAe m_amount nonbiTaeTca 
BM3BaTb MeTOA Int32. TryParse, KOMmiAHTop creHepiipyeT npeAynpeACAeHiie: 

Boolean success = Int32.TryParse("123", out m_amount); 

// 3Ta CTpoKa npuBOAHT k coo6meHnio ot KOMnni/iaTopa: 

// CS0420: ccbmKa Ha BO/iaTH/ibHoe none He 6yAeT TpaKTOBaTbca KaK BonaTin/ibHafl 

HaKOHeu,, noAH volatile HecoBMecTHMbi co ciicnii())iii<amicii CLS, noTOMy tio ohii 
hc noAAepACHBaiOTCH mhothmh H 3 bii<a.viu (iiK. iio'iaa Visual Basic). 

Interlocked-KOHCTpyKuim 

KaK mm BbiacHHAH, MeTOA Read KAacca Volatile iiiiIiio. iiimci aTOMapHyio oneparuuo 
HTeHiiH, a motoa Write 3 toto ace KAacca ocymecTBAHCT aTOMapHyio oneparuuo 3amicii. To 
ecTb KaacAbift mctoa BbinoAHneT jiu 6 o aTOMapHoe HTCHiie, jiu 6 o aTOMapHyio 3amicb. B atom 
pa3ACAe mm noroBopiiM o craTHuecKHX MCTOAax KAacca System. Threading. Interlocked. 
KaacAbiii H3 3 thx mctoaob isi.iiio.tiimct KaK aTOMapHoe Tiemie, TaK h aTOMapHyio 3anncb. 
KpoMe toto, Bee mctoam KAacca Interlocked ciaisAT 6apbep b na.vunTi, to ecTb a io6aa 
3anncbnepeMeHHoiinepeA bm30bomM eTOAaKAacca Interlocked isi.iiio. iiimctch ao 3toto 
M eTOAa, a Bee tktium nepeMeHHbix nocAe Bbi30Ba MeTOAa iimio. inaio rca nocAe Hero. 

CTaTHuecKiie mctoam, pa 6 oTaiomHe c nepeMeHHMMii THna Int32, 6e3oroBopouHO 
othochtch k Han 6 oAee uacTO HcnoAb3yeMMM. IIpoAeMOHCTpHpyeM hx: 

public static class Interlocked { 

// BoBBpamaeT (++location) 


i 


KcTani, Microsoft Visual Basic He coAep*iiT BCTpoeHHoft ceMaHTiiKii volatile. 
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public static Int32 Increment(ref Int32 location); 

// BoBBpamaeT (--location) 

public static Int32 Decrement(ref Int32 location); 

// Bo3BpamaeT (location += value) 

// nPMMEHAHME. 3HaseHne MO*eT 6biTb OTpnpaTenbHbiM, 

// HTO n03B0ABeT BbinOAHMTb BblHUTaHkie 

public static Int32 Add(ref Int32 location, Int32 value); 

// Int32 old = location; location = value; B03BpamaeT old; 
public static Int32 Exchange(ref Int32 location, Int32 value); 

// Int32 old = locationl; 

// ec/in (locationl == comparand) location = value; 

// B03BpamaeT old; 

public static Int32 CompareExchange(ref Int32 location, 

Int32 value, Int32 comparand); 

} 

CymecTByiOT h neperpyaceHHbie licpcnn pthx mctoaob, pa6oTaiomiie co 3HaHeHii- 
hmh Tima Int64. KpoMe Toro, b ic/iacce Interlocked cymecTByiOT mctoah Exchange 
h CompareExchange, npHHHMaiomHe napaMeipbi Object, IntPtr, Single h Double. 
EcTb h ooooiiu'imaH liepciiM, b KOTopofi ooooiiu'iiiibiii Tim orpaHiraeH thiiom class 
(jiio6oh ccbi.io'niiiiii thii). 

JIhhho MHe o^eHb HpaBHTCH Interlocked-MeTop,bi, noTOMy hto ohii pa6oTaiOT 
OTHOCHTejIbHO 6bICTpO H II03B0JMI0T MHOTOTO AOOHTbCH. /[.JIIiaiiTC paCCMOTpiIM KOA, 
hcii(). iI)3»vioihhh /pamibie mctoah p,jia acimxpoHHoro 3anpoca /pamibix c paa.m'iiibix 
Be6-cepBepoB. 3 to kopotkhh koa, no 6jioKiipyiomini HHKaKHX noTOKOB, ainoMaTirtecicn 
MacniTa6npyeMbiH c ncnojib30BaHiieM noTOKOB nyjia h Hcnojib3yiomHH Bee AOCTynHbie 
npopeccopbi, ecim hx 3arpy3Ka MoaceT noiiTH eMy Ha nojib3y. KpoMe toto, KOJiime- 
ctbo cepBepoB, Ha KOTopbie koa b hcxoahom ihiac noAAepacHBaeT AOCTyn, AOcraraeT 
2 147 483 647 (Int32 .MaxValue). /Ipyrii.vin caobamh, oto iipenocxo/uiaM ocHOBa aah 
H aniicaHiiH co6cTBeHHbix ciieHapneB. 

internal sealed class MultiWebRequests { 

// 3tot K/iacc Elelper KOopflnmupyeT Bee acuHxpoHHbie onepapnn 
private AsyncCoordinator m_ac = new AsyncCoordinator(); 

// Ha6op Be6-cepBepoB, k kotopnm 6yAyT nocbmaTbca 3anpocbi 
// Xotb k 3T0My c/ioBapH) B03M0*Hbi oflHOBpeMeHHbie o6pameHws, 

// b cnHxpoHH3apnn flOCTyna HeT Heo6xoflHMOCTn, noTOMy hto 
// kakjmh nocAe coaflaHMS AOCTynHbi TOAbKO aaa HTeHun 

private Dictionary<String, Object> m_servers = new Dictionary<String, Object> { 

{ "http://Wintellect.com/", null }, 

{ "http://Microsoft.com/", null }, 

{ "http://I.1.1.1/", null } 

}; 


public MultiWebRequests(Int32 timeout = Timeout.Infinite) { 


npodojiwemie # 
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// ACMHXpOHHOe MHHLlHHpOBaHHe Bcex 3anp0C0B 
var httpClient = new HttpClientQ; 
foreach (var server in m_servers.Keys) { 
m_ac.AboutToBegin(l); 
httpClient.GetByteArrayAsync(server) 

.ContinueWith(task => ComputeResult(server, task)); 

} 

// Coo6maeM AsyncCoordinator , hto Bee onepapnn 6bi/in nHnpnupoBaHbi 
// n hto oh flo/i>KeH BbBBaTb AllDone noc/ie 3aBepmeHna Bcex onepapnPi, 
// Bbi30Ba Cancel n/in TaPiM-ayTa 
m_ac.AllBegun(AllDone, timeout); 


private void ComputeResult(String server, Task<Byte[]> task) { 

Object result; 

if (task.Exception != null) { 

result = task.Exception.InnerException; 

} else { 

// 06pa6oTKa 3aBepweHna BBoaa-BbiBOfla - 3flecb n/in b noTOKe(-ax) ny/ia 
// Pa3MecTHTe CBoPi BbisncnnTe/ibHbin a/iropMTM... 
result = task.Result.Length; // B aaHHOM npnMepe 
} // npocTO B03BpainaeTc« ri inHa 

// CoxpaHeHne pe3ynbTaTa (ncKnioHeHne/cyMMa) 

// n o6o3HaneHne OflHOii 3aBepweHHOpi onepapnM 
m_servers[server] = result; 
m_ac.TustEnded(); 


// npn Bbi30Be 3 toto MeTOfla pe3y/ibTaTbi HrHopnpyiOTcn 
public void Cancel() { m_ac.Cancel(); } 

// 3tot MeTOfl BbBbiBaeTcn nocne nonyneHnn OTBeTa ot Bcex Be6-cepBepoB, 

// Bbi30Ba Cancel nnn TaPiM-ayTa 

private void AllDone(CoordinationStatus status) { 
switch (status) { 

case CoordinationStatus.Cancel: 

Console.WriteLine("Operation canceled."); 
break; 

case CoordinationStatus.Timeout: 

Console.WriteLine("Operation timedout."); 
break; 

case CoordinationStatus.AllDone: 

Console.WriteLine("Operation completed; results below:"); 
foreach (var server in m_servers) { 

Console.Write("{0} ", server.Key); 

Object result = server.Value; 
if (result is Exception) { 

Console.WriteLine("failed due to {0}.", result.GetType().Name) 
} else { 
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Console.WriteLine("returned {0:N@} bytes.", result); 

} 

} 

break; 

} 

} 

} 

3tot ko,i iieiiocpe/iCTisemio He aa/ieiknisycT Interlocked - mcto/ibi, TaK KaK Becb ko- 
op/iHHHpyiomHH Kon HHKancyjnipoBaH b Kjiacc AsyncCoordinator. H no/i,po6Hee oraimy 
ero 1111 >icc, a noKa pacocaacy, tio otot ic./iacc /ic/iaet. B npouecce KOHCTpyiipoBaHtra Kjiacc 
MultiWebRequest iiHimiiajiH3HpyeT Kjiacc AsyncCoordinator h c/iOBapb c Ha6opoM 
URI cepBepoB (11 hx oy/iyninx pe3yjiKraT0B). 3aTeM oh acHHxpoHHO BbinojiHaeT Bee 
Be6-3anpocbi. Cnauajia Bbi3biBaeTCH mcto/i AboutToBegin Kjiacca AsyncCoordinator, 
KOTopoMy iiepc/iacTca kojihhcctbo 3anjiaHiipoBaHHbix aanpocoB 1 . 3aTeM npoHCxo/piT 
HHiminipoBaHiie 3anpoca bm30bom MeTOna GetByteArrayAsync Kjiacca HttpClient. 
MeTOAB03BpamaeT o6beier Task, /pia KOToporo a Bbi3biBaio ContinueWith, HTo6bi npn 
no/iyncHim OTBCTa cepBepa no/iyHCHHbie 6aiiTbi napa/uiejibHO o6pa6aTbiBajincb mctoaom 
ComputeResult bo .vuiornx noTOKax nyjia. Ilocjie .aaisepmemin Bcex 3anpocoB k Be6- 
cepBepaM Bbi3biBaeTca mcto/i, AllBegun Kjiacca AsyncCoordinator, KOTopoMy nepe/tacTCJi 
hmh Mcro/ta, KOTopbiii c/ie/tyeT 3anycTiiTb nocjie Bbino/iHCHiiH bccx onepaitini (AllDone), 
a BO-BTopbix, nponojDKHTejibHOCTb TaiiM-ayTa. Ilocjie OTBCTa Kaac/ioro cepBepa pa3JiiiHHbie 
noTOKii nyjia 6yjxyr Bbi3biBaTb mcto/i, ComputeResult Kjiacca MultiWebRequests. 3 tot 
mcto/i, o6pa6aTbiBaeT 6aHTbi, liooispamemibiecepBepoM (hjih jno6bie ohih 6 kh), h coxpa- 
HaeT pe3yjibTaT b c/iOBape. Ilocjie coxpaHeHira Kaacnoro pcav/u/raTa Bbi3bmaeTCfl mcto/i, 
HustEnded K/iacca AsyncCoordinator, no3BOJunomiM o6beKTy AsyncCoordinator 
y3HaTb o 3aBepmeHiiii oncpauwif. 

I Ioc.tc 3aBepmeHim bccx onepapHH o 6 beKT AsyncCoordinator Bbi3biBaeT mcto/i 
A llDone /yia o 6 pa 6 oTKH peay/ucraTOii, iio/iyaeiim.ix co Bcex Be 6 -cepBepoB. 3 tot mcto/i 
6 yaeT Bbino/iHHTbca noTOKOM nyjia, hog/icahhm no/iyHiiBiHHM otbct c cepBepa. B c/iynae 
3aBcpmeHiia BpeMeHii oactmamiH hjih otmchh onepaiiHH mcto/i, AllDone 6 y/i,eT Bbi3BaH 
jih 6 o noTOKOM ny/ia, yBe/tOM/imomiiM o 6 beKT AsyncCoordinator o tom, hto BpeMH 
3aKOHHH/iocb, jih 6 o noTOKOM, Bbi3BaBHiHM MeTOA Cancel. CymecTByeT Taioice BepoaT- 
HOCTb, [ rronoTOK, isi.iiio. iiiMlomuii 3anpoc k cepBepy, caMBbi30BeT mcto/i, AllDone, cc/i u 
hocjtc/iiihh 3 anpoc 3 aBepmHTca no Bbi30Ba MeTO/ta AllBegin. 

Hmchtc b ish/iv, tio b ziaiiiioM c/iyiac iimcct mccto CHTvaiiua roHKii, TaK KaK bo3- 
mo/kho OAHOBpeMCHHoe 3aBepmeHiie bccx 3anpocoB k cepBepaM, bm30b Mera/ta AllBegun, 
3aBepmeHiie bpcmchii oacH/iaHiia h Bbi30B MeTO/i,a Cancel. Ecjhi TaKoe npoiiaoii/iCT, 06 b- 
eKT AsyncCoordinator Bbi6epeT no6e/i,HTejiH, rapaHTHpya, hto mcto/i AllDone 6y/i,eT 
Bbi3BaH He 6 o.tcc o/iiiom pa3a. IIo6e/i,HTe/ib yicaa.biiiiiCTCTi iiepe/ia'ieii b mcto/i, AllDone 
apryMeHTa coctohhiih, po/ib KOToporo mo/icct nrpaTb o/iiio 113 chmbojihhcckhx hmch, 
onpe/i,ejieHHbix b THne CoordinationStatus: 
internal enum CoordinationStatus { AllDone, Timeout, Cancel }; 


1 Koa 6 y/ieT paboTaTb KoppeKTHO, .naxce ecjin BH 3 BaTb MeTo/i, m_ac. AboutToBeging(m_requests. 
Length) Bcero o/oih pa 3 nepen ijhkjiom BMecto BH30Ba Mero/ia AboutToBegin BHyTpn pmcjia. 
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Tenepb, Kor/i,a bm nojry’wjm npe/i,CTaBjieHiie o tom, tio nponcxonHT, 110c.v10Tp11.v1, 
KaK 3 to pa6oTaeT. Knacc AsyncCoordinator co/iepacHT bcio jioniKy KOop/iHHanHH no- 
tokob. Bo Bcex cjiv'iavix oh Hcnojib3yeT mctoah Interlocked, rapamnpyH 6biCTpoe 
BbinojiHeHiie i<o;i,a h OTcyTCTBHe 6 jiokiipobkh noTOKOB. Bot ko/i, otoi o Kjiacca: 

internal sealed class AsyncCoordinator { 

private Int32 m_opCount = 1; // yMeHbwaeTcn Ha 1 MeTOflOM AllBegun 

private Int32 m_statusReported = 0; // 0=false, l=true 
private Action<CoordinationStatus> m_callback; 
private Timer m_timer; 

// 3tot MeTOfl flO/UKEH 6biTb Bbi3BaH flO MHnpnnpOBaHnn onepapnM 
public void AboutToBegin(Int32 opsToAdd = 1) { 

Interlocked.Add(ref m_opCount, opsToAdd); 

} 

// 3tot MeTOfl flO/DKEH 6biTb Bbi3BaH nOC/lE o6pa6oTKn pe3y/ibTaTa 
public void 3ustEnded() { 

if (Interlocked.Decrement(ref m_opCount) == 0) 

ReportStatus(CoordinationStatus.AllDone); 

} 

// 3tot MeTOfl flO/UKEH 6biTb Bbi3B3H nOC/lE m hmlih npoBa hha BCEX onepapnii 
public void AllBegun(Action<CoordinationStatus> callback, 

Int32 timeout = Timeout.Infinite) { 
m_callback = callback; 
if (timeout != Timeout.Infinite) 

m_timer = new Timer(TimeExpired, null, timeout. Timeout.Infinite); 

3ustEnded(); 

} 

private void TimeExpired(Object o) { 

ReportStatus(CoordinationStatus.Timeout); 

} 

public void CancelQ { ReportStatus(CoordinationStatus.Cancel); } 

private void ReportStatus(CoordinationStatus status) { 

// Ec/in cocTOHHne hh pa3y He nepeaaBanocb, nepeflaTb ero; 

// b npoTHBHOM c/iysae oho nrHopnpyeTcn 

if (Interlocked.Exchange(ref m_statusReported, 1) == 0) 

m_callback(status); 

} 

} 


CaMbIM BaaCHbIM B 3T0M KJiaCCe Mli.THCTCM IIO.TC m_OpCOUnt. B HeM OTCJIOICniSaCTCM 
KOJiiraecTBO aciiHxpoHHbix onepaiiHH, oacimaiomHx BbinojiHemra. Ilepe/i HananoM KaayiOH 
TaKoft onepaiiHHBbi3biBaeTca mctoa AboutToBegin. Oh Bbi3biBaeT mctoa Interlocked. 
Add, hto6m aTOMapHO no6aBHTb k noaio m_opCount nepenaHHoe b Hero hiicjio. OnepaiiHH 
cyMMiipoBaHHH aojiacHa ocymecTBjiHTbCH aTOMapHO, Tax KaK Be6-cepBepbi MoryT OTBenaTb 
noTOKaM nyjia b npon,ecce na'iaaa /loi i o. r 11 in cx/i i< n r>i x onepaiiHH. Ilpt! Kaac/iOM OTBeTe 



Kohctpykumm nonb30Baie/ibCKoro pexuMa 837 


cepBepaBbi3biBaeTCH mctoa DustEnded. OhB bi3biBaeTMeTOA Interlocked.Decrement 
h aTOMapHO BbiHHTaeT H3 iiepc.vieiinoii m_opCount e/pimmy. IIotok, npHCBOHBiiiHH nepe- 
MeHHOH m_opCount .iiianemie 0, Bbi3biBaeT mctoa ReportStatus. 

nPMMEHAHME 

rio/iK) mopCount npncBanBaeica Hana/ibHoe 3HaneHne 1 (He 0); 3to KpaPiHe BaxHO, TaK 
KaK rapaHTnpyeT, hto mgtoa AIIDone He 6yo,eT Bbi3BaH bo BpeMH 3anpoca k cepBepy no- 
tokom, HcnojiHniomMM MeTOA KOHdpyKTopa. flo Bbi30Ba KOHdpyKTopoM MeTOAa AIIBegun 
nepeMeHHaa m opCount He Moxei no/iyni/iTb 3HaneHne 0. Bbi3BaHHbiPi xe KOHdpyKTopoM 
MeTOA AIIBegun, b cbokd oaepeAb, Bbi3biBaeT MeTOA JustEnded, KOTopwPi noc/ieAOBaTe/ibHO 
yMeHbLuaeT 3HaneHne nepeMeHHoPi m opCount Ha 1 n cf>aKTHHecKn OTMeHneT acpcpeKT 
npncBoeHna ePi Hana/ibHoro 3HaneHHH 1. B pe3ynbTaTe nepeMeHHaa m opCount MOxeT 
AOCTHHb 3HaHeHMH 0, ho TO/ibKO nocne toto KaK mm nonyHMM MHcJ)opMau,MK) 06 ompaBKe 
Bcex 3anpocoB k Be6-cepBepaM. 


MeTOA ReportStatus BbinojiHaeT cjtyHKitiiio ap6mpa b roHKe, KOTopaa MoaceT bo3- 
HIIKHyTb MOKAV 3aiiCpiliaiOIHHM HCM OnepaLtHHMH, HCTCHCFIHCM BpeMeHII OaCHAaHHH 
h Bbi30B0M MeTOAa Cancel. Oh /i,o.t>k(ti ySeAHTbca, hto to.ti<ko oaho ii3 ycAOBMH pac- 
CMaTpuBaeTCH b KanecTBe no6e/i,HTC./m, h mctoa m_callback 6yAeT Bbi3BaH Bcero oahh 
pa3. Ap6mpaac ocymecTBJiaeTCH nepcAaneii MeTOAy Interlocked. Exchange cchiakh Ha 
none m_statusReported. 3to none paccMaTpuBaeTca KaK iiepeMeiinaM Tima Boolean; 
ho Ha caMOM AeJie noAo6Hoe ncisoaMoamo, TaK KaK mctoah KJiacca Interlocked He npn- 
HiiMaiOT nepeMeHHbix Tima Boolean. I Iootomv mm ncnojib3yeM nepeMeHHyio Tuna Int32, 
3iia>icmie 0 KOTopoii hbahctch .aiojiiiiaTCinovi false, a aiiaTCimo 1 — SKBiiBaneHTOM true. 

BHyTpn MeTOAa ReportStatus bm30b MeTOAa Interlocked. Exchange MeHaeT 
onaHCimc nepeMeHHOH m_statusReported Ha 1. Ho tojimco nepBbiH npoACJiaBmuH oto 
noTOK yBHAHT, KaK MeTOA Interlocked. Exchange noaiipaiuacT ona'icmic 0, h toabko 
oh aKTHBH3npyeT MeTOA o6paTHoro Bbi30Ba. Bee ocTajii.m.io noTOKii, Bbi3BaBmne mctoa 
I nterlocked. Exchange, noAynaT ai (anemic 1, no cyTH, yi!C/i,()M.TMiomcc hx, hto mctoa 
o6paTHoro Bbi30Ba yace aKTHBH3npoBaH h 6 ojibme ototo ACAa'n. He HyacHO. 

PeajiM3auiiii npocToft umuiMHecKoii 6 jiokmpobkm 

Interlocked-MeTOAbi npeKpacHO pa6oTaiOT, ho b ochobhom co ana'iemi a.vm Tuna Int32. 
A hto AeaaTb, ecan B03HiiKAa Heo6xoAHMOCTb aTOMapHoro MaHHnyAHpoBaHiiH Ha6opoM 
no.Tcii o6beKTa? HaM iiOTpcfiycTca npeAOTBpaTHTb npoHiiKHOBeHiie Bcex noTOKOB KpoMe 
oahoto b o6aacTb koaa, ynpaBAH ioihvio iio.tmmh. Interlocked-MeTOAbi no3BOAHK)T bm- 
nOJIHIITb 6.T()KT1|)OliailllC B paMKaX CIIHXpOHH3aU,HH nOTOKOB: 

internal struct SimpleSpinLock { 

private Int32 m_ResourceInUsej // 0=false (no yMO/iHaHnio), l=true 

public void Enter() { 
while (true) { 

// Bceraa yKa3biBaTb, hto pecypc ncnonb3yeTca. 
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// Ec/im noTOK nepeBOflMT ero H3 CBo6oflHoro coctohhhb, 

// BepHyTb ynpaB^eHne 

if (Interlocked.Exchange(ref m_ResourceInUse J 1) == 0) return; 

// 3fleCb HTO-to npOUCXOflMT... 

} 

} 

public void LeaveQ { 

// noMeHaeM pecypc, iok cBo6oflHbifi 
Volatile.Write(ref m_ResourceInUse, 0); 

} 

} 

A bot Kjiacc, aeMOHCTpiipyiomiiH Hcnojib30BaHiie MeTona SimpleSpinLock: 

public sealed class SomeResource { 

private SimpleSpinLock m_sl = new SimpleSpinLockQ; 

public void AccessResource() { 
m_sl.Enter(); 

// flocTyn k pecypcy b Kawflbiii MOMeHT BpeMeHM KMeeT TO/ibKO oamh noTOK... 
m_sl.Leave(); 

} 

} 

Peajiii3aiiiiH Mera/ia SimpleSpinLock oneHb npocTa. Ecjiii n,BanoTOKaOAHOBpeMCHHO 
Bbi3biBaiOT MeTOA Enter, mcto/i Interlocked. Exchange rapanrapyeT, hto oahh noTOK 
H3M6HHT ;s i ia' ici i pic nepeMeHHoii m_resourceInUse c 0 Ha 1. Korna oh bh/iht, hto nepe- 
MCHHaa m_resourceInUse paBHa 0, oh 3 acTaBjiaeT mcto/i Enter B03BpaTHTb ynpaBjiemie, 
hto6m npononacHTb BbinojiHeHiie Kona MCto/ia AccessResource. BTopoii noTOK to>kc 
nom.naeTCM 3aMeHiiTb aiiauemie nepeMeHHOH m_resourceInUse Ha 1. Ho stot noTOK 
yBHUHT, hto iiepe.vieimaM yace He paBHa 0, u aaiiiiiCT pitch, nauaii HenpepbiBHO Bbi3biBaTb 
mcto/i Exchange no Tex nop, noKa nepBbiii noTOK He Bbi30BeT mcto/i Leave. 

nocne toto KaK nepBbiii noTOK 3aBepimiT Mammy/nmim nojiHMii o6beKTa 
SomeResource, oh Bbi30BeT mcto/i Leave, KOTopbiii, b cboio onepe/ib, Bbi30BeT mcto/i, 
Volatile .Write h BepHeT nepeMeHHoii m_resourceInUse 3HaHeHiie 0. 3to 3acTaBHT 
3aH,iiKJiiiBiHHHCH noTOK iio.vktim tP) 3HaHeHiie nepeMeHHoii m_resourceInUse c 0 Ha 1 h, 
HaKOHeij,, no/iyHHTb ynpaB/ieHiie ot MeTO/ia Enter, npe/iocTaB/niH nocne/iHeMy nocTyn 
k nojiHM o6beKTa SomeResource. 

Bot h bcc. 3to omciiI) npocTaapea.iiiaaiiiia o.Toicnpoiiaims-i b paMKax CHHxpoHH3aiiHH 
nOTOKOB. I Ipais/ia, ee cepbe3Hbiii noTeHiiHajibHbra iic/iocTa'ioi/ coctoht b tom, hto npn 
Ha/iiiHiiH KOHKypeHiiiiH 3a npaBO Ha 6/ioKiipoBaHiie noTOKii BbiHyacneHbi oaamaTb 6 /iokii- 
pOBaHIIH B UIIKJie, H 3TO 3aL|HKJIHBaHHe npiIBO/IHT K nyCTOMy paCXOnOBaHIHO 6eCIieHHOrO 
npoiieccopHoro BpeMemi. Cootbctctbchho, 6,toit pt])o is;pi p ne c 3aH,iiKJiiiBaHiieM 11 .vieci 
CMblCJI HCn0JIb30BaTb TOJIbKO HUH 3aiI|HTbI OHCHb 6bICTpO 15 !>P PI O. P 11 HO.VT P>IX o6jiaCTCH ICO/pI. 

H. pok'pt ])onaninc c 3au,HK/iiiBaHiieM o6biHHO He iipii.MeiiacTCM Ha ManiHHax c o/iiiii.m 
npoiieccopoM, TaK KaK 3aiiiiKjniBaHiie npyroro iPOTOKa-ippeTCii/iem a noMemaeT 6bi- 
CTpOMy CHHTHK) 6/IOKIipOBKH. ClITyailHH OC.TO/IOIHCTCH, CC.T IP nOTOK, V/IC] )>1/1115 JP101PI IT Li 
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djioxupoBxy, iiMeeT do/iee hh3xhh npnopiiTeT, neM iiotok, npeTeHnyiomHH Ha ee 
iio;iy'fcimc. HH3KonpnopHTeTHbifi noTOK mo>kct BOo6me nc nojiymiTb maHCOB Ha bh- 
nojiHeHiie, to ecTb npocTO 3aBiiCHyTb. Windows tinor/ia Ha KopoTKoe BpeMH /i,nHaMii- 
1 ICC KII nOBbIHiaeT npiIOpHTeT nOTOKOB. j\j\H nOTOKOB, HCIIO/lb.lVIOIIlMX 6./IOKTl|)()ISai[IU‘ 
C 3aH,HKJIHBaHIieM, .umilblii pOICH.VI CJIC/iyCT OTXJIIOTHTb. 3tO AC. : iaCTCM npn nOMOHIH 
CBoiicTB PriorityBoostEnabled x/iaccoB System.Diagnostics.Process h System. 
Diagnostics. ProcessThread. BjioxupoBaHiie c aaniiic/misamiCM HaninepnoTOXOBbix 
Mamimax Taxace ciniaaiio c npodjieMaMH. ^jih hx pemeHim icon d;ioiciipoisamin c 3a- 
PHKJiHBaHHeM 'lac io na/icjiHCTCM nonojiHiiTejibHoii jioi iiKoii. Omiaico h He xotcji 6bi 
BnaBaTbCH b /icxa/in, Tax xax 3Ta . 10 inxa noBOJibHO dbicTpo mciihctch. Mory CKa3aTb 
TOJibKO, tio FCL nocTaBjuieTCH BMecTe co CTpyKTypoii System. Threading. SpinWait, 
KOTopaa .jaiv. ilO'iac r b ce6a bcio iieodxonii.vivio jrornxy. 

3aflep>KKa b o6pa6oTKe noTOKa 

XHTpOCTb COCTOI1T B TOM, HTOdbl HMeTb nOTOK, VMC'K) I [111 IT 3aCTaBHTb peCypC Ha BpCMH 
npiiocTaHOBHTb iicnojiHeHiie 3Toro noTOxa, hto6h apyroii noTOK, od/ianaiomHH b naHHbiii 
MOMeHT pecypcoM, 3aBepmiijica h ocBodon,Hji MecTO. /Jjih 3toto CTpyxTypa SpinWait 
Bbi3biBaeT MeTonbi Sleep, Yield h SpinWait xnacca Thread. Kopotxo oraimeM naHHbie 
MeTOAbl. 

IlOTOK MO>KCT COOOIIIIITb CHCTeMe, TIO B TC'ICUnC HCKOTOpOTO BpeMCHII ero He IIV'/KTIO 
nnaHiipoBaTb Ha HcnojmeHHe. 3Ta aa/ia'ia peinaeTCH CTaTHnecxHM mcto/iom Sleep: 

public static void Sleep(Int32 millisecondsTimeout); 
public static void Sleep(TimeSpan timeout); 

IlOTOK 3aCTai!. : IHCT MCTO/I, npiIOCTaHOBIITb pa 60 Ty Ha yKa3aHHOe BpeMH. BbI30B MCTOna 
Sleep no3BOJuieT noraxy nodpoBOJibHO ydpaTb HanoMimaHiie o BpeMeHii CBoero iicno/i- 
HeHiiH. CucTeMa 3adnpaeT noTOX y njiaHiipoBiniixa nprmepno Ha yxa3aHHoe BpeMH. To 
ecTb ecjni Bbi roBopHTe CHCTeMe, tio mcto/i, xo'ict iipnocTaiiomiTb padoTy Ha 100 mc, oh 
dyneT npnocTaHOBJieH npimepHO Ha 3to BpeMH, ho bo3mo5xho npodyneT b coctohhiiii 
noxon Ha Hecxonbxo cexyn/i MeHbrne hjih dojibine. He aadbiiiaiiTC, tio Windows He 
HBjineTCH onepan,HOHHOH chctcmo ii pea/ibHoro BpeMeHii. noTOX, cxopee Bcero, npo- 
dyuHTCH b yxa3aHHoe BpeMH, ho no donbinoMy oic'iy BpeMH ero npodyacnemiH oaiuiciiT 
ot ocTajibHbix ii|:)oiicxo/i,mihiix b CHCTeMe npon,eccoB. 

Mohcho nepenaTb napaMeTpy millisecondsTimeout Mera/ia Sleep 3HaneHHe 
System. Threading. Timeout. Infinite (onpenenemioe xax -1). B pe3yjibraTe noTOX 
oxaaceTCH 3adjioxnpoBaHHbiM Ha iicoiTiaini'iemme BpeMH. npn stom oh dyncr cyme- 
CTBOBaTb, h bm b modoii MOMeHT CMO/KCTC BoccTaHOBiiTb ero cTex h nnpo. I Iepenana 
b mcto/i, Sleep aiiaacmia 0 coodiuirr CHCTeMe, tio Bbi3biBaiomHH noTOX ocBodoacnaeT 
ee ot ero iiciio. momia h 3acTaBJineT 3anjiaHiipoBaTb npyroii noTOX. BnponeM, cucTe- 
Ma npn OTcyTCTBiiH nocTVinibix nun n.iamipoisamin noTOXOB Taxoro ace hjih dojiee 
Bbicoxoro npnopHTeTa mohcct CHOBa 3anjiaHiipoBaTb 11 c 110.11 io 11 no noTOxa, TOJibxo tio 
B bi3BaBinero mcto/i, Sleep. 
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IIotok MoaceT TaKace nonpociiTb Windows 3 anjiaHiipoBaTb /uih TeKymero nponeccopa 
Apyroii noTOK, Bbi3BaB .victo/i Yield KJiacca Thread: 

public static Boolean YieldQ; 

IIpH Hajinnini npyroro noTOKa, roTOBoro padoTaTb Ha /lyumo.M nponeccope, mcto/i, 
B 03 BpamaeT aiia'ieune true, ispe.wi acH 3 Hii Bbi 3 BaBmero ero noTOKa ciH'iac'iCH 3 aBep- 
meHHbiM, a b iciemie 0,111010 TaKTa uciio.ib.'syeiCM /ipyroii Bbi6paHHbiii noTOK. Ilocae 
aToro Bbi 3 BaBiHiiii mcto/i, Yield noTOK CHOBa iioiiaaaeT b pacnucaHiie h iiacunacT pa- 
6oTaTb b tcichuo c;ie;i,yiomero TaKTa. 11 pu otcytctbhh noTOKOB, Ha KOTopbie MoacHO 
nepeKJHOHHTbCH, mcto/i, Yield i:o;siipamacT ana'icmie false, h Bbi 3 BaBiHHH ero noTOK 
nponojiacaeT HcnojiHHTbCH. 

Mcto/i, Yield /(am rnaHC iicno. inm b o>iai/i,aioinue CBoero npon,eccopHoro BpeMCHii 
noTOKii paBHoro hjih oo./ice HH 3 Koro iipuopiiTCTa. IIotok Bbi 3 biBaeT narmbift mcto/i,, ccjih 
eMy TpeSycTOi pecypc, kotopmm b iiacTOHincc BpeMH B/ianeeT npyroii noTOK. Oh pac- 
CHumueaem Ha to, hto Windows nocTaBHT o6.ua/iaiomHH pecypcoM b naHHbiii momcht 
noTOK b onepenb ii.Taiiupoiimuiza, 001:060/1,111: tcm caMbiM nocTyn. B pcay.TbTaTC, 1/0171,3 
Bbi 3 BaBmmi mcto/i, Yield noTOK CHOBa iiaoiiCT Hcno/iHHTbCH, /(ocryii k pecypcy MoaceT 
no/iyn-iTb yace oh. 

CymecTByeT Bbi6op Meacny bm30bom mctoaob Thread. Sleep ( 0 ) 11 Thread. Sleep ( 1 ). 
B nepBOM c/iy'iae noTOKaM c hiltkhm iipuopitTCTO.vi He /phot uciio. iim i bCM, b to BpeMH 
KaK mcto/i, Thread.Sleep(l) isi/.no'tacT npnHyuHTe/ibHoe ncpei/.TioTCimc KOHTCKCTa, 
h Windows norpyacaeT noTOK b ciijiiiicc coctohhhc oo.tcc tcm Ha 1 mc, hto ooyc.TOii.TCno 
pa 3 pemeHiiCM BHyTpeHHero chctcmiioio Taii .vicpa. 

Ha ninepnoTOKOBbixnponeccopax b Kaacubiii momcht BpeMemi MoaceT BbinojiHHTbGH 
TO/iKbo o/i,i] 11 noTOK. H Koi /i,a Ha TaKHx npon,eccopax noTOK bxoaht b coctohhhc 3 an,H- 
KJiHBaHHH, HyacHO npnHyuHTe/ibHO ocraHOBHTb TCKymini noTOK, iio.3i:o.tiii: iicno/iHHTbCH 
ApyroMy. noTOK MoaceT ocTaHOBHTbCH caM, /i,an mnepnoTOKOBOMy npon,eccopy B 03 Moac- 
HOCTb iiepeiz. iio'tiiTbCH Ha /tpyiTie noTOKii, Bbi 3 biBaH mcto/i, SpinWait i/./iacca Thread: 

public static void SpinWait(Int32 iterations); 

BbI 3 bIBaH 3 T 0 T MCTO/l, Bbl ()ial/TU'ICCI/U BbmOJIHHCTe Cl 101 ( 113/1 bl IVIO IIHCTpyKU,HIO 

npon,eccopa. OHa He 3 acTaB/iHeT Windows /le/iaTb i(ai(yio-./m6o paoo'iy (onepaiiHOHHaH 
CHCTeMa yBepeHa, mto OHa yace .3a11.Ta1111poiia.Ta /yin npon,eccopa /psa noTOKa). B c/iyiae 
cc.t it rimepnoTOKOBbifi npou,eccop He Hcno/ib 3 yeTCH, 3 Ta cnenna/ibHaH HHCTpyKiiHH 
npocTO nrHopripyeTCH. 

nPMMEHAHME 

HTo6bi jryHLue no 3 HaKOMMTbca c AamrbiMu MeTOflaivm, nonuTaiiTe npo i/ix Win 32 - 
3KBHBa/ieHTbii Sleep, SwitchToThread u YieldProcessor. flonoHHUTenbHbie CBeAemra 
0 HacTpotiKe pa 3 pei±ieHna cucTeMHoro TatiMepa bn no/iynme npir 3 HaK 0 MCTBe c Win 32 - 
cf)yHKLi 1 MBMM timeBeginPeriod 1/1 timeEndPeriod. 
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B FCL cymecTByeT TaKSce CTpyKTypa System.Threading.SpinLock, cxoAHaa 
c noKa3aHHbiM paHee KjiaccoM SimpleSpinLock. OHa o'lvuriacTOi nciio./ii)3.oisaiineM 
CTpyKTypbi SpinWait c pejibio noBbinieHira npoii3BO/i,HTejibHOCTH. CTpyKTypa SpinLock 
no/pTcp/KHiiacT ispe.viM O/Kii/paiiiiM. Hmepeciio OTMeTHTb, mto o6e CTpyKTypbi — mom 
S impleSpinLock h SpinLock b FCL — othochtch k 3HanHMbiM TiinaM. To ecTb ohii 
HBJIHIOTC fl ()6./iei 'l(M[|[bl\ll1 o6beKTaMH, Tpe6yiOmiIMII MHHHMajIbHbIX 3aTpaT lia.VblTH. 
I lepe'fncjieimcM SpinLock irneeT cmhcji nojib30BaTbca, ecjni BaM i[y>KTio, k npimepy, 
CBH3aTb 6jIOKIipOBKy C KaACAblM OjICMCI ITOM KOJTJTCKUHH. Flo npil 3TOM HyjKHO CJIC/piTPi 3a 
TeM, HTo6bi 3K3eMnjuipbi SpinLoc k HiiKyna He nepenaBajnicb, noTOMy hto ohii npn stom 
K oimpyiOTCM, ii3-3a nem bch cniixpoimaann m TcpacTCM. H xotm bm mo>kctc onpenejiHTb 
aic.ic.Mp i.imi])i p p>i o 11 o. i m SpinLock, He iiOMC'iaiirc hx KaK iipe/uiaoiia'ieiiiiiiic TOJibKO ;p,.;im 
HT eHiiH (readonly), nocKOjibKy npii MannnyjiMHiiMX c 6jioKiipoBKoii hx BHyTpeHHee 
;ii pii'poi i pic: /i.o.T/Kiio mciimtijOm. 

YHHBepcajibHbm Interlocked-naTTepH 

MHonie nojib30BaTejin, no3HaKOMiiBiHiicb c Interlocked-MeTO/iaMH, y/uiBjiHiOTOi, none- 
My cneunajiHCTbi Microsoft He pa3pa6oTajni AonojmiiTejibHbix mctoaob no/i,o6Horo po/ia, 
no/i,xo/i,HiuiixaJiH 6o.ii)ip pci'o KOJiiraecTBacniyaniiii. K npimepy, b Kjiacce Interlocked 
6 bijra 6bi nojie3Hbi MeTOAbi Multiple, Divide, Minimum, Maximum, And, Or, Xor h MHonie 
Apynie. 0/iHaKO bmccto 3tiix mctoaob moscho ncnojib30BaTb xoporno H3BecTHbiH ma6jiOH, 
no3BOJiHiomini mctoaom Interlocked .CompareExchange aTOMapHO BbinojiHHTb jno6bie 
Oiiepaniiii co 3I pa'ici [ P I mi m pi THna Int32. A TaK KaK cymecTByiOT neperpyaceHHbie Bepcmi 
3Toro Mera/ia /vra thhob Int64, Single, Double, Object, a TaKace /yifl o6o6meHHoro 
ccbiaoHHoro THna, ma6aoH MoaceT pa6oTaTb h co bccmh sthmh THnaMH. 

Bot npimep C03A,aHiiH Ha ochobc ma6jiOHa aTOMapHoro MeTOna Maximum: 

public static Int32 Maximum(ref Int32 target, Int32 value) { 

Int32 currentVal = target, startVal, desiredVal; 

// napaMeTp target MOxeT nicno.nb30BaTbCH npyruM noTOKOM, 

// ero TporaTb He ctoht 
do { 

// 3anncb Hasa/ibHoro 3HaHeHHH stom MTepapMM 
startVal = currentVal; 

// BbiHMcneHine weAaeMoro 3HaHeHMH b KOHTeKCTe startVal m value 
desiredVal = Math.Max(startVal, value); 

// nPUMEHAHME. 3Aecb nOTOK MOxeT 6biTb npepBaH! 

// if (target == startVal) target = desiredVal 

// Bo3BpameHne 3HaHeHmp, npeAwecTByiomero noTeHUkiaAbHbiM M3MeHeHMaM 
currentVal = Interlocked.CompareExchange( 
ref target, desiredVal, startVal); 

// Ec/im Hana/ibHoe 3HaneHMe Ha btom MTepapMM n3MeHnnocb, noBTopMTb 
} PAihile (startVal != currentVal); 


npodojiMemie & 
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// Bo3BpamaeM MaKCHMaabHoe 3HaHeHae, Korfla noTOK nbiTaeTca ero npucBOMTb 
return desiredVal; 

} 

/J,aBaHTe iiocmotphm, hto 3/iccb npoHexoAHT. B momcht, Kor/i,a MeTOA HamiHaeT 
BbinojiHHTbca, 11 epe.Yiei p i laa currentVal iniini,iia./m3iipycTCM .aiia'PC'ii iicyi napaMeTpa 
ta rget. 3aTeM BHyTpn uiiKJia to ace caMoe HaaajibHoe 3HaneHHe nojiynaeT nepeMCHHaa 
startVal. IIpii noMomu stoh iioc. : ie/i,iiei ; i nepeMeHHofi bh MoaceTe BbinojiHHTb .1106 p>pc 
HyacHbie BaM oiiepann 11. Ohii MoryT 6biTb Kpaime cjioachmmh h coctohtb H3 tmchh 
CTpoK KOAa. Ho b HTore aojokoh 6biTb ccJiopMiipoBaH pe3yjibraT, KOTopbifi noMemaeTca 
b nepeMeHHyio desiredVal. B mocm npiiMepe npocTO cpaBHiiBaiOTca nepeMeHHbie 
startVal h value. 

noKa oiicpauiia m,i iio. iiimctctp, .iiia'ieiiiie target MoaceT 6biTb H3MeHeHO /i,pyin.vt 
nOTOKOM. 3 tO .YtajlOliepOMTIPO, HO TCOpei HMCCICIl He PICIC. PK)'ICIPO. ECJIH 3TO np0H30H/lCT, 
.iipa'peimc nepeMeHHOH derivedVal OKaaceTca ocHOBaHHbiM Ha CTapoM .sna'PCiiim nepe- 
MeHHOH startVal, a He Ha TeicymeM 3iiaHcinni napaMeTpa target, a cjpc/p.0 liaaejii 3 1 po, 
Mbi He aojiacHbi MeHHTb 3tot napaMeTp. TapaHTiipoBaTb, hto 3HaneHiie napaMeTpa 
target noMemieTCH Ha 31 [anemic nepeMeHHOH desiredVal npn ycjiOBHH, 'no hh narco it 
ApyroH noTOK He noMeroieT ero 3a cthhoh Hamero noTOKa, MoacHO c noMombio MeTO/i,a 
Interlocked.CompareExchange. Oh npoBepaeT, coi!iia/i,acT jih 3, 1 pat 1 cip 11 c napaMeTpa 
target co 3HaneHiieM nepeMeHHOH startVal (a hmchho ero mm npe/uiojiaraeM y na¬ 
paMeTpa target nepe/i, HanajiOM BbinojiHeHim onepan,HH). Ecjih 3HaneHiie napaMeTpa 
target He noMeHJuiocb, MeTOA CompareExchange 3aMeHneT ero hobmm 3HaneHHeM 
nepeMeHHofi desiredVal. Ecjih ace H3MeHeHHH npoH3omjiH, mcto/i, CompareExchange 
He TporaeT napaMeTp target. 

MeTOA CompareExchange B03BpamaeT 3na‘rcHHC napaMeTpa target Ha momcht 
CBoero Bbi30Ba, Korapoe mm noMemaeM b nepeMeHHyio currentVal. 3aTeM nepeMeH- 
Han startVal cpamiiiiiac'i'CH c hobmm 31 pci'pcipuc.vt nepeMeHHofi currentVal. B cjiynae 
co is p ia/i,c i 111 n noTOK He .viemiCT napaMeTp target 3a Hauieii cthhoh, stot napaMeTp 
co/i,epacHT 3HaneHiie nepeMeHHofi desiredVal, hhkjp while npeicpamaeT cboio pa6oTy, 
h MeTOA B03BpamaeT ynpaBjreHiie. Ecjih ace .sipa'ieima He coisiia/i.aio'1', .aiia'iin, Apyrofi 
noTOK noMeHHJi 3HaneHiie napaMeTpa target, noaTOMy napaMeTpy He 6mjio npiiCBoeHO 
3HaneHiie nepeMeHHofi desiredVal, uhka nepexoAHT k cjieAyromeii HTepapHH h npo6yeT 
CHOBa BbinojiHiiTb onepaumo Ha stot pa3 c hobmm 3HaHeHiieM nepeMeHHofi currentVal, 
OTpaacaiomefi h.3mcticiwh, BHeceHHbie nocTopoHHHM nOTOKOM. 

JI pi> 111 o a Hcnojib30Baji ,i,aiii[i)iii ma6jiOH oneiii. nacTO h ;i,aace co.3/i,aji iiHKancyjiiipo- 
BaBuiHH ero o6o6meHHbiii mctoa Morph 1 : 

delegate Int32 MorphercTResult, TArgument>( 

Int32 startValue, TArgument argument, 
out TResult morphResult); 


1 OaeBHAHO, hto H3-3a MeToaa o6paTHoro Bbi30Ba morpher MeTOA Morph xyace b njiaHe npo- 
H3BOflHTejibHOCTH. 3to6h HcnpaBHTB ciiTyaijHio, CAeJiaiiTe koa noACTaBjiHeMHM (inline), KaK 
b npiiMepe Maximum. 
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static TResult Morph<TResult, TArgument>( 
ref Int32 target, TArgument argument, 

MorphercTResult, TArgument> morpher) { 

TResult morphResult; 

Int32 currentVal = target, startVal, desiredVal; 
do { 

startVal = currentVal; 

desiredVal = morpher(startVal, argument, out morphResult); 
currentVal = Interlocked.CompareExchange( 
ref target, desiredVal, startVal); 

} while (startVal != currentVal); 
return morphResult; 


KoHCTpyiajMM pextmN/ia &Apa 

/(ah CHHxpoHH3aiiHH noTOKOB b Windows cymecTByeT HecKOAbKO KOHcrpyiaiHH peacima 
ha pa. Ohii paooxaiox HaMHoro mc/utciiiicc KOHCTpyKiinfi nojib30BaTejibCKoro pc/icii.via, 
TaK KaK TpedyiOT KOopAHHapHH co ctopohm onepauiiOHHOH CHCTeMbi. KpoMe toto, 
KaacAbiH Bbi30B mcto/ui a a a oo'bciaa HApa 3acxaix : iaex Bbi3biBaiomiiH noTOK ncpcitm H3 
ynpaBAHeMoro b MamiiHHbiii koa, 3aTeM b koa peacHMa HApa, nocae Hero B03BpamaeTCH 
Ha3aA. Taioie nepexoAbi xpedyiox MHoro npoiieccopHoro BpeMeHH h hx nacToe BbinoA- 
HeHiie 3HanHTeAbHO cimacacx npoH3BOAHTeAbHOCTb ii|)ii. : io>Keiina. 

BnponeM, y KoHCTpyKiiHH peacima HApa ecTb h cboii npeiiMymecTBa nepeA KOHCTpyK- 
AHHMH ll().TP>3()liaTe.TbCK()m pe/KH.Via: 

□ Eca ii KOHCTpyKu,HH peacHMa HApa BbiHBJineT KOHKypeHiiiiK) 3a pecypc, Windows 
6.TObTipycT npoiirpaBinniinoTOK, ocTaHaB Atman aaiiiiKAiibamie, KOTopoe bcact k Ha- 
npacHOMy pacxoAOBamiio pecypcoB npon,eccopa. 

□ KoHCTpyKiiHH peacHMa HApa MoryT ocymecxBAHXb ba.aiiMiiyio ciiHxpoHii3an,mo He- 
ynpaBJiaeMbix h ynpaBAHeMbix noTOKOB. 

□ KoHCTpyKiiHH poicn.via HApa yMeiOT CHHXpOHH3HpOBaTb nOTOKII pa3.TI1'llll,IX npo- 
neccoB, 3anymeHHbix Ha oahoh MainiiHe. 

□ KoHCTpyKiiHH peacHMa HApa moacho HaAeAHTb aTpndyTaMH 6e3onacHOCTH, orpaHii- 
HiiBaH HecaHKiiiiOHiipoBaHHbiii AOCTyn k hum. 

□ ITotok MoacHO 3a6AOKiipoBaTb, noKa He CTaHyT AOCTynHbi Bee KoHCTpyKiiHH peacrma 
HApa hah noKa He CTaHeT AOCTynHa xoth 6bi OAHa Tatcan KoHCTpyKiiHH. 

□ IIotok MoacHO 3a6AOKiipoBaTb KOHCTpyKiineii peacima HApa, yKa3aB BpeMH oacHAamiH; 
ecAH 3a yKa3aHHoe BpeMH noTOK He noAyHHT AOCTyna k HyacHOMy eMy pecypcy, oh 
6yAeT pa36AOKiipoBaH h CMoaceT BbinoAHHTb Apyrne 3aAaraiH. 

K npHMHTHBHbIM KOHCTpyKH,HHM CHHXpOHH3an,IIH nOTOKOB B peaCHMe HApa OT- 

hochtch co6umun (events) h ceM.a<popu (semaphores). Ha hx ochobc ctpohtch 
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6ojiee cjioacHbie KOHCTpyKumi aHaAoniuHoro Ha3HaueHiiH, Hanpimep MbfomeKCbi 
(mutex). Bojiee nojmyio mifjiopManii 10 o hiix bm iiaii;i,CTe b .vioeii KHiire <<Windows via 
C/C++» (Microsoft Press, 2007). 

B npocTpaHCTBe mien System. Threading cymecTisycT aocrpaicmbiii 6a30Bbni Kjiacc 
WaitHandle. Oh nrpaeT poub o6ojioukii aah AecicpiinTopa HApa Windows. B FCL HMe- 
CTca HecKOJibKO npoH3BO/i,Hbix ot Hero KJiaccoB. Bee ohh onpe/i,ejieHbi b npocTpaHCTBe 
HMeH System.Threading h peauimyiOTCH 6n6jniOTeKOH MSCorLib.dll. McKMionenneM 
HBJiaeTca KJiacc Semaphore, peajiH30BaHHbiii b OudjiiiOTeKe System.dll. Bot KaK bh- 
rjiHAHT nepapxnH 3thx ic'iaccon: 

WaitHandle 

EventWaitHandle 
AutoResetEvent 
ManualResetEvent 
Semaphore 
Mutex 

B 6a30B0M KJiacce WaitHandle HMeeTca nojie SafeWaitHandle, coAepxamee ne- 
CKpnnTop aupa Win32. 3to none iiminiia. ; m;iiipyc'['ca b momciit coa/puiii h KJiacca, npo- 
H3BOAHoro ot WaitHandle. KpoMe Toro, KJiacc WaitHandle npenocTaBjiaeT OTKpbiTbie 
MeTOAbi, KOTopbie nacviCAyiOTCH bccmh npori3BOAHbiMH KuaccaMH. KaacAbifi H3 Bbi3biBa- 
eMbix KOHCTpyKu,iiHMii peacHMa HApa MeTOAOB odecneuHBaeT nojmyio 3arttHTy naMHTn. 
Bot iiaii6o./ice riHTepecHbie OTKpbiTbie mctoahi Kuacca WaitHandle (neperpyaceHHbie 
Bepcroi HeKOTopbix MeTOAOB He noKa3aHbi): 

public abstract class WaitHandle : MarshalByRefObject, IDisposable { 

// Peannaapus WaitOne BbBbiBaeT 4>yHKumo Win32 WaitForSingleObjectEx. 
public virtual Boolean WaitOneQ; 

public virtual Boolean WaitOne(Int32 millisecondsTimeout); 
public virtual Boolean WaitOne(TimeSpan timeout); 

// Pea/iMsauufl WaitAll BbBbiBaeT 4>yHKumo Win32 WaitForMultipleObjectsEx 
public static Boolean WaitAll(WaitHandle[] waitHandles); 
public static Boolean WaitAll(WaitHandle[] waitHandles, 

Int32 millisecondsTimeout); 

public static Boolean WaitAll(WaitHandle[] waitHandles, TimeSpan timeout); 

// PeannaapuR WaitAny BbBbiBaeT 4>ym<Limo Win32 WaitForMultipleObjectsEx 
public static Int32 WaitAny(WaitHandle[] waitHandles); 
public static Int32 WaitAny(WaitHandle[] waitHandles, 

Int32 millisecondsTimeout); 

public static Int32 WaitAny(WaitHandle[] waitHandles, TimeSpan timeout); 
public const Int32 WaitTimeout = 258; // Bo3BpamaeTca WaitAny 

// b c/iynae TaiiM-ayTa 

// Pea/in3aunR Dispose Bbi3biBaeT <j)yHKumo Win32 
// CloseHandle - HE BbBbIBAMTE EE! 
public void Dispose(); 


} 
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3/pecb c. : ic;i,ycT c/tejiaTb HecKOJibKO .'sa.vic'iaimii: 

□ Mera/t WaitOne KJiacca WaitHandle 6jiOKiipyeT TeKymiiii noTOK no aKTHBiraaitHH 
o6beKTOM a/ipa. Oh libiai.iisacr Win.32-c|)y f iicmiio WaitForSingleObjectEx. 3naacimc 
true B03BpamaeTCH, ecjm o6beKT 6 mji aKTHBH3iipoBaH. Ecjih ace BpeMH O/Kii/paima 
HCTeKJio, B03BpamaeTca .iFianemie false. 

□ CTaTHnecKiiH mcto/i WaltAll KJiacca WaitHandle aaciaii./iacT Bbi3biBaK>miiii noTOK 
ac/pai i) aKTiiBH3au,Hii Bcex o6beKTOB a/ppa, yKa3aHHbix b MacciiBe WaitHandle [ ]. 
Ecjih Bee o6beKTbi 6bum aKTiiBH3iipoBaHbi, lioaiipamaeiCM siiaaeime true, b cjiyiae 
ace iicie'ieima BpeMeHii oacii/pamiM B03BpamaeTCH .siia'iemie false, /[amibiii mcto/p 
B bi3biBaeT Win32-cjiyHKuiiio WaitForMultipleObjectsEx, nepe/taBan napaMCTpy 
bWaltAll 3HaHeHiie TRUE. 

□ CTaTHHecKHH Mera/t WaitAny KJiacca WaitHandle 3acTaBJiHeT Bbi3biBaiomiiH 
noTOK ac/iaTb aKTiiBii3au,iiH jno6oro H3 o6beKTOB H/tpa, yKa3aHHbix b MacciiBe 
WaitHandle[]. Bo3Bpaiu,eHHoe 3HaHeHiie Tima Int32 HBJineTCH iiH/teKCOM aK- 
THBH3iipoBaHHoro ajieMeHTa MacciiBa. Ecjiii b npoitecce oacii/taHiiH ciirHajia He 
nocTyniuio, B03BpamaeTCH 3HaHeHiie WaitHandle.WaitTimeout. /(aHHbiii Mera/t 
Bbi3biBaeT Win32-(j3yHKuiiio WaitForMultipleObjectsEx, nepe/taBaa napaMeTpy 
bWaltAll 3HaneHiie FALSE. 

□ Mexo/p Dispose 3aKpbiBaeT/pecicpmnop o6beKTa a/ppa. Bo BHyTpeHHeii peajni3an,ini 
am mctoan Bbi3biBHK)T (jiymcmiio Win32 CloseHandle. Bbi3biBaTb Dispose b ico/pc 
MoacHO TOJibKO b tom cjiynae, ecjin bm a6cojnoTHO yBepeHbi, hto o6beKT a/tpa He 
iiciio. ib.aycTCM /tpyriiMii noTOKaMii. 3 to ofiCTOMTCvibcniO ciuibHO s.aipy/uiMei' Hanii- 
caHiie ii TecTiipoBaHiie ico/pa, nosTOMy a HacToaTejibHO He peKOMCii.iyio Bbi3biBaTb 
Dispose; npocTO no3BOJibTe y6opmiiKy Mycopa BbinojimiTb cboio pa6oTy. Oh CMoaceT 
onpe/pejiiiTb, icor/pa otTbeicr He HCiio. ibayeiCM, h yiurrioacin' ero. 


nPMMEHAHME 

B HexoTopbix c/iynanx npn bnoxnpoBxe noTOxa n3 OAHonoTOHHoro OTfleneHna (apartment) 
bo3moxho npo6y>KAeHne noTOxa ana obpaboTxn coobmeHnFi. Hanpniviep, 3a6/ioxnpo- 
BaHHbin noTOx MO>xeT npocHyTbca Ana obpaboTxn Windows-coobiAeHi/in, OTnpaB/ieHHoro 
APyrnM noTOxoM. 3to Aenaeicn Ann coBMecTnMOCTn c MOAe/ibio COM. fliin SonbiimH- 
CTBa npnao>xeHnn 3to He npobneivia. Ho ecnn Barn xoa b npopecce obpaboTxn coobLue- 
huh 3anpeT APyroFi noTOx, MO>xeT c/iyiHTbcn B3anMHan bJioxupoBxa. Kax bn yBHAme 
b maBe 29, Bee rnbpnAHbie baoxnpoBxu Toxe MoryT Bbi3biBaTb AaHHbie MeTOAbi, Tax hto 
Bbiiuecxa3aHHoe BepHO n Aim hux. 


B npoTOTime Bepciiii WaitOne, WaltAll h SignalAndWait, He npiiHHMaiomHx na- 
pa.vtCTp timeout, AOJiacHO 6biTb yKa3aHO B03BpamaeMoe .iiianemic void, a He Boolean. 
B npoTHBHOM cjiynae mcto/iai 6 bi Bcer/ta B03Bpamajin aiianemie true H3-3a upe/uio./ia- 
raeMoro fiecKoncnioro BpeMeHii oacimaHiia (System. Threading. T imeout. Infinite). 
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TaK 'no npn Bbi30Be niodoro H3 sthx mctoaob iict HyacAbi npoBepaTb B03BpamaeMoe 
hm 3i [anemic. 

KaK yace ynoMiiHanocb, KJiaccbi AutoResetEvent, ManualResetEvent, Semaphore 
n Mutex abaaiotca npoH3Boa,HbiMH ot Knacca WaitHandle, to ecTb HacneAyiOT mctoah 
3toto KViacca n hx rionc/i,(‘i i lie. BnpoaeM, sth Knaccbi ()6./ia/i,aiOT n co6cTBeHHbiMH mcto- 
AaMH, o KOTopbix mh ceiinac H nOTOBOpi-IM. 

Bo-nepBbix, KOHCTpyKTopbi Bcex stiix KJiaccoB Bbi3biBaK)T Win32 -(J)yHKii,iiio 
CreateEvent (nepeAaBaa b napaMeTpe bManualReset 3HaneHiie FALSE), CreateEvent 
(nepeAaBaa b napaMeTpe bManualReset 3HaaeHiie TRUE), CreateSemaphore nan 
CreateMutex. 3HaaeHiie AecKpnnTopa, B03BpamaeMoro npn Taraix Bbi30Bax, coxpaHaeTca 
b 3aKpbiTOM none SafeWaitHandle, onpeAeneHHOM b 6a30B0M Knacce WaitHandle. 

Bo-BTopbix, KJiaccbi EventWaitHandle, Semaphore n Mutex npe/yiaraiOT CTaTnaecKne 
MeTOAbi OpenExisting, Bbi3biBaiomHe Win32-(|)yHKUHio OpenEvent, OpenSemaphore 
hah OpenMutex, nepeAaBaa eii apryMCHT Tnna String c hmchcm cymecTByiomero aapa. 
3HaaeHiie AecKpnnTopa, B03.iipamac.viom npn TaKnx Bbi30Bax, coxpaHaeTca bo BHOBb 
C03AaHH0M o6beKTe, B03BpamaeMbiM mctoaom OpenExisting. Ilpn OTcyTCTBnn aApa 
c yKa3aHHbiM hmchcm reHepnpyeTca hckafouciihc WaitHandleCannotBeOpenedExcep- 
tion. 

KoiicTpyKnnn peacnMa aapa aacTO ncnoAb3yiOTca rji a C03AaHiia npnnoaceHnn, ko- 
TOpbie B AK)6oH MOMeHT BpeMeHII MOryT CymeCTBOBaTb TOAbKO B OAHOM 3K3eMnAape. 
IIpuMepaMH TaKnx npnnoaceHnn aBAaiOTca Microsoft Office Outlook, Windows Live 
Messenger, Windows Media Player Windows Media Center. Bot KaK peanii30BaTb TaKoe 
npnnoaceHne: 

using System; 

using System.Threading; 

public static class Program { 
public static void Main() { 

Boolean createdNew; 

// llbiTaeMCfl co3flaTb o6beKT flflpa c yi<a3aHHbiM MMeHeM 
using (new Semaphore^, 1, "SomellniqueStringldentifyingMyApp", 
out createdNew)) { 
if (createdNew) { 

// 3tot nOTOK C03flaeT nppo, Tax hto apyrne Konrni npnno>KeHnn 
// He MoryT 3anycKaTbca. BbinoAHiieM ocTaAbHyio nacTb npn/io>KeHMH... 

} else { 

// 3tot nOTOK OTKpbiBaeT cymecTByiomee bapo c TeM >Ke HMeHeM; 

// AOA>KHa 3anyCTMTbca Apyraa KOnns npnAO)KeHMa. 

// Hkisero He AeAaeM, >kagm B03BpaineHM« ynpaBneHim ot MeTOAa Main, 

// HT06bl 3aBepiLHTb BTOpyK) KOnMK) npMAOJKeHMA 

} 

} 

} 

} 
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B 3tom (jipaixienTC KOAa iicno.ncsycTCH Kjiacc Semaphore, ho c takhm ace ycnexoM 
mo5kho 6 bi. io BOcnoab30BaTbCH ic.Tacco.Yi EventWaitHandle iijih Mutex, TaK KaK npe/yia- 
raeMoe odbeKTOM noBeACHiie He Tpe 6 yeT CHHxpoHH3au;HH noTOKa. OAHaKO h ncnoAb3yio 
npeHMymecTBO TaKoro noBeAeram npn co3aahhii o 6 beKTOB HApa. /(aBaiiTe nocMOTpHM, 
KaK pa 6 oTaeT noKa3aHHbiii koa. I IpeACTaBHM, tio Ane Konrai nponecca a.anycTujmcb 
OAHOBpeMeHHO. KaacAOMy nponeccy cooTBeTCTByeT ero codcTBeHHbiii noTOK, h 06 a no- 
TOKa nonbiTaiOTCH C03AaTb o 6 beKT Semaphore c oahhm h tcm ace hmchcm (b mocm npn- 
Mepe SomeUniqueStringldentifyingMyApp). Hapo Windows rapaHTHpyeT co3AaHHe 
odbeKTa HApa c yKa3aHHbiM hmchcm toabko oahhm noTOKOM; nepeMeHHoii createdNew 
3Toro noTOKa 6 yAeT npiicbocno .iiiaaeimc true. 

B caynae co btophm noTOKOM Windows o6HapyaciiBaeT, hto o6beKT HApa c yKa3aHHbiM 
HMeHeM yace cymecTByeT; cooTBeTCTBeHHO, noTOKy He noaHo.'iMC'ica co3AaTb eme oahh 
odbeKT. BnponeM, npoAOAacHB padoTy, stot noTOK MoaceT noAynHTb AOCTyn k TOMy ace 
odbeKTy HApa, hto h noTOK nepBoro npoiiccca. TaKHM cnocodoM noTOKii H3 paaAirmbix 
iipoucccoii B3aHMOAeiicTByiOT Apyr c ApyroM acpe.3 eAHHoe HApo. Ho b ashhom cjiyaae 
noTOK BToporo nponecca bhaht, tio ero nepeMeHHoii createdNew npiicbocno .iiiaaemic 
false. TaKiiM o6pa30M oh y3HaeT o tom, hto nepBaa Koraia nponecca 3anymeHa, noaTOMy 
BTopaa icon u a hcmcaachho 3aBepmaeT cboio paoory. 


Co6blTI4fl 


Co6btmux (events) npeACTaBAHiOT codoii nepeMeHHbie nuia Boolean, iiaxoAHiiuieca 
noA ynpaBAeHiieM HApa. Oacii/i,aioiuiiii codbrraa noTOK OAOicnpycTca, ccah oho HMeeT 
3i laoei i lie false, h ocBodoacAaeTca b CAyiae .iiia'iemia true. CymecTByeT Ana BHAa co- 
6 biTHH. KorAa coobrnic c ainocdpoco.vt HMeeT aiia'ienue true, oho ocBodoacAaeT Bcero 
oahh 3a6AOKiipoBaHHbiii noTOK, TaK KaK nocae ocBodoacAeHim nepBoro noTOKa a/qio 
aemoMamuuecKii 6036painaem codbmno 3HaneHHe false. Ecaii ace 3HaneHHe true HMeeT 
coobiTiie c pynHbiM cdpocoM, oho ocboooacAacT Bee oacu/uiioiniic 3Toro noTOKii, TaK KaK 
b ashhom CAyiae aApo He npHCBaiiBaeT eMy .'siia'ienue false airio.viaTH'iecTCn, b KOAe sto 
AOAaCHO 6bITb CACAaHO 6 R6HOM Slide. BoT KaK BbirAHAHT KAaCCbl, CBH3aHHbie C Co6bITI WMIi: 


public class EventWaitHandle 
public Boolean Set(); // 
// 

public Boolean ResetQ; // 
// 

} 


: WaitHandle { 

Boolean npncBauBaeTca true; 
Bcerfla B03BpamaeT true 
Boolean npncBauBaeTca false; 
Bcerfla B03BpamaeT true 


public sealed class AutoResetEvent : EventWaitHandle { 
public AutoResetEvent(Boolean initialstate); 

} 

public sealed class ManualResetEvent : EventWaitHandle { 
public ManualResetEvent(Boolean initialstate); 

} 
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C noMom,LK) co6mthh c aBTOc6pocoM mo5kho jierKO peajni30BaTb 6jiOKiipoBKy 
b paMKax cHHxpoHH3au.nn noTOKOB, 11onc/i,('iilie* KOToporo cxo/uio c iiobc/i,ciiiicm paHee 
noKa3aHHoro Kjiacca SimpleSpinLock: 

internal sealed class SimpleWaitLock : IDisposable { 
private readonly AutoResetEvent m_available; 

public SimpleWaitLock() { 

unavailable = new AutoResetEvent(true); // M3HaHa/ibH0 CBo6oaeH 

} 

public void Enter() { 

// 5/iOKnpoBaHne Ha ypoBHe flflpa ao ocBo6o>KfleHHB pecypca 
m_available.WaitOne(); 

} 

public void Leave() { 

// no3BonneM apyrOMy nOTOKy o6paTMTbca k pecypcy 
unavailable.Set(); 

} 

public void DisposeQ { m_available.Dispose(); } 

} 

Kaacc SimpleWaitLock npiiMeHaeTca TaK ace, KaK mm Hcnojib30Bajm 6bi KJiacc 
SimpleSpinLock. Boaee Toro, BHeniHe oh iscact ce6a coBepmemio TaK ace; aBOT npoii3- 
BO/HITejIbHOCTb HByX BapiiaHTOB 6jIOKIipOBKII OTJIHHaeTCH KapHIIHajIbHblM o6pa30M. npn 
OTcyTCTBHii KOHKypeHHHii 3a 6aoKiipoBKy KJiacc SimpleWaitLock pa6oTaeT HaMHoro 
MenaeHHee Kjiacca SimpleSpinLock, nocKOJibKy KaacAbiii bm30b ero mctoaob Enter 
h Leave 3acTaBJiaeT noTOK coBepmiiTb nepexoA H3 ynpaBJiaeMoro KOAa b hapo h o6paTHO. 
Tcm He MCiice npn najiHnun KOHKypeHHHii npourpaBiirHU noTOK 6jioKiipyeTCH hapom 
h He 3au,HKjniBaeTCH, He /uinaii BnycTyio TpaTHTb pecypcbi npoiieccopa. H Metric b BHuy, 
hto nepexonaMH H3 ynpaBjiaeMoro ico/pi b hapo h o6paTHO conpoBoacAaeTcn TaKace C03- 
naHHe o6beKTa AutoResetEvent h bm30b a ah Hero mctoa0 Dispose, tio O'lpiiHaTe.iiaio 
CKa3biBaeTCHHa r i])0 h;iho/lh ic'jif>iioc ih . BiipoucM, 3thbm30bm coiiepniaiOTca peAKO, TaK 
HTO He CTOHT CJIIIHIKOM CIIJIbHO OCCIIOICOIITbCH nO 3T0My 110 [50/EV. 

l Ito6i,i nponeMOHCTpupoBaTb pa3HHH,y b ii])0h, 3no/Lii [e.'iiji ioc i h, h Hanucaji caenyio- 
H1IIH koa: 

public static void Main() { 

Int32 x = 0; 

const Int32 iterations = 10000000; // 10 mm/i/imohob 

// CKO/lbKO BpeMeHM 3atlMeT HHKpeMeHT X 10 MH/l/l hohob pa3? 

Stopwatch sw = Stopwatch.StartNew(); 
for (Int32 i = 0; i < iterations; i++) { 
x++; 

} 

Console.WriteLine("Incrementing x: {0:N0}", sw.ElapsedMilliseconds); 


// CKO/l bKO BpeMeHM 33MMeT MHKpeMeHT X 10 MM/I/IMOHOB pa3, eC/lM 



Kohctpykumm pexMMa flAPa 849 


// fl06aBMTb Bbl30B HklHGTO He fle/iaiOmerO MeTOfla? 
sw.Restart(); 

for (Int32 i = 0; i < iterations; i++) { 

M(); x++; M(); 

} 

Console.WriteLine("Incrementing x in M: {0:N0}", sw.ElapsedMilliseconds); 

// CKO/lbKO BpeMeHM 3ailMeT MHKpeMeHT X 10 mh/i/ihohob pa3, ec/iM 
// flo6aBMTb Bbi30B HeKOHKypMpyiomero o6bexTa SimpleSpinLock? 

SpinLock si = new SpinLock(false); 
sw.Restart(); 

for (Int32 i = 0; i < iterations; i++) { 

Boolean taken = false; sl.Enter(ref taken); x++; sl.Exit(); 

} 

Console.WriteLine("Incrementing x in SpinLock: {0:N0}", 
sw.ElapsedMilliseconds); 

// CKO/l bKO BpeMeHM 3ailMeT MHKpeMeHT X 10 MM/1/1MOHOB pa3, ec/iM 
// flo6aBMTb Bbi30B HeKOHKypMpyiomero o6beKTa SimpleWaitLock? 
using (SimpleWaitLock swl = new SimpleWaitLock()) { 
sw.Restart(); 

for (Int32 i = 0; i < iterations; i++) { 
swl.EnterQ; x++; swl.LeaveQ; 

} 

Console.WriteLine( 

"Incrementing x in SimpleWaitLock: {0:N0}", sw.ElapsedMilliseconds); 

} 

} 

[Methodlmpl(MethodImplOptions.Nolnlining)] 

private static void M() { /* 3 tot MeTOfl TO/ibKO B03BpamaeT ynpaB/ieHMe */ } 

3anycTHB 3 tot koa, a iio. : iy'(ii.T cjic/lv io11 in ii pe3yjibraT: 

Incrementing x: 8 CaMbiPi 6biCTpbiM 

Incrementing x in M: 69 Mefl/ieHHee ~9 pa3 

Incrementing x in SpinLock: 164 Mefl/ieHHee ~21 pa3 

Incrementing x in SimpleWaitLock: 8j854 Mefl/ieHHee -1107 pa3 

KaK .tciico 3aMeTHTb, npocTOH HHKpeMeHT x 3aHHMaeT Bcero 8 mc. npocTofi bm30b 
MeTOna ao h i ioc.ic iimcpeMeHTa yi:c. : m'mi:acT ispe.vui m.mo.memiM b 9 pa3! Bbinojme- 
Hiie KOAa b MeTOACj kotopwh ncnojib3yeT KOHCTpyKiiHH nojib30BaTejibCKoro peacHMa, 
3acTaBiuio koa pa 6 oTaTb b 21 (164/8) pa3 MCA-icmicii. A Tenepb o 6 paTHTe BHiiMaHiie, 
Ha CKOJibKO 3aMC/L : m. : iacP) nporpaMMa npn BCTaBKe b Hee KOHCTpyKiiHH peacHMa HApa. 
Pc3v.ti.tat AOCTiiracTCii b 1107 (8854/8) pa3 MeAAeHHeii! I lo. 9 TO.viy ecjm moikctc 1136 c- 
/icai b cHHxpoHH3aiiHH noTOKOB, H36eraiiTe ee. Ecjih 6c3 Hee He o 6 ofiTHCb, aa/yiknisyinc 
KOHCTpyKiiHH nojib30BaTejibCKoro peacHMa. KOHCTpyKiiHH peacHMa HApa c.tcavct hc- 
11 0.1 i.ao nan. . 1111111 . b caMOM KpaiiHeM c.iyiac. 
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CeMa<t>opbi 

CeMacpopu (semaphores) TaKAce npeacTaBjiaiOT co6ofi o6biHHbie nepeMCHHbie Tima Int32, 
ynpaBjiaeMbie hapom. O/iciixaiomiiii ceMacjiopa noTOK 6 . : iokti|)vctcm npii aiia'iemiu 0 
h ocBo6o'/ic;i,acTCH npii aiia'icmi hx 6ojibme 0. npii chhthh 6jiokiipobkh c oiKiiAaiomem 
ceMacjiopa noTOKa hapo aBTOMaTimecKii BbmiTTacT cahhhuv H3 cneTHiiKa. C ceMacjtopaMii 
cbh3Aho MaKCHMaubHoe .siia'ieiinc Tima Int32, Korapoe hii npii KaKiix o6ctomtc. : ii<- 
CTBax He MoryT npeBbiCHTb tckviuhc iioiaiaaima oieT'iiiKa. Bot KaK isbiiviH/iin ic/iacc 
Semaphore: 


public sealed class Semaphore : WaitHandle { 

public Semaphore(Int32 initialCount., Int32 maximumCount); 
public Int32 ReleaseQ; // Bbi3biBaeT Release(l); 

// B03BpamaeT npeAbiflymee 3HaMeHne CHeTimca 
public Int32 Release(Int32 releaseCount); // Bo3BpamaeT npeflbiflymee 

// 3HaieHne cMeTimca 


} 


IIo/i,biT05KHM, KaKiiM o6pa30M Iieayr cc 6 h sth Tpn npiiMHTHBa pe>Kii.via ha pa: 

□ IIpH najIlTHITIT HeCKOJIbKIIX nOTOKOB B pC/KUMC OACHAaHHH Co6bITHe C aBTOc6pOCOM 
ocBohoacAaeT mojibno odun 113 hiix. 


□ Co6biTHe c pyHHMM c6pocoM CHHMaeT 6 jioKiipoBKy co ecex O/Kn/iaiomnx ero no- 

TOKOB. 


□ npii HajiiiHHii HecKOjibKiix noTOKOB, OACiiAaiomHx ceMacjiopa, ero noHBJiemie CHHMaeT 
6jiOKiipoBKy c noTOKOB releaseCount (.3/iccb releaseCount — sto apry.vieiiT, nepe- 
AaHHbiH mctoav Release KJiacca Semaphore). 

To ecTb iio./iy'iacTCH, 'no co6biTHe c aBTOc6pocoM .SKmiiia.ieimm ceMacjiopy, MaK- 
ciiMajibHoe 3HaHeHiie cneTHiiKa KOToporo paBHO eAUHime. Pa3Hiiu,a MeACAy hhmh 

COCTOIIT B TOM, TIO MeTOA Set AAH Co6bITHH C aBTOc6pOCOM MOACHO BbI3BaTb MIIOI'O 

pa3, ho KaACAbiH pa3 OGBo6oACAaTbGH 6yAeT Bcero oahh noTOK, b to Bpe.viH KaK .vmom- 
KpaTHbiii Bbi30B MeTOAa Release KaACAbifi pa3 viKa/iii'miiaer Ha eAiiHimy BHyTpeHHiiii 
cneTHHK ceMacjiopa, /laiian bo3moachoctb chhtb 6.iOKTipom<y c ocnbmem KOjiiriecma 
noTOKOB. OAHaKO cjiCAycT noMHHTb, 'no npn Bbi30Be MeTOAa Release .yia ceMacjiopa, 
noKa3aHiie cicr'iiucaKOToporo yiice paBHO MaKCimajibHOMy, reHepiipyeTCH iick. iiouctiiic 
SemaphoreFullException. 

IIpii noMomii ceMacjiopoB moacho noBTopHO peajiH30BaTb KAacc SimpleWaltLock 
TaKHM o6pa30M, 'no HecKOJibKiiM noTOKaM 6yAeT npeAOCTaBAHTbcn OAHOBpeMeHHbiii 
AOCTyn k pecypcy ('n o 6e3onacHO TOJibKO npn yc./ronn n, 'no Bee noTOKii iiciio.iboyiOT 
pecypc b peACHMe TOAbKO aah 'neiini): 

public sealed class SimpleWaitLock : IDisposable { 
private Semaphore m_AvailableResources; 


public SimpleWaitLock(Int32 maximumConcurrentThreads) { 
m AvailableResources = 
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new Semaphore(maximumConcurrentThreads, maximumConcurrentThreads); 

} 

public void EnterQ { 

// OxnflaeM b flflpe AOCTyna k pecypcy n B03BpamaeM ynpaBneHMe 
m_AvailableResources.WaitOne(); 

} 

public void LeaveQ { 

// 3TOMy nOTOKy AOCTyn 6oAbwe He Hy>KeHj ero MOxeT no/iyHHTb Apyroii nOTOK 
m_ AvailableResources.Release(); 

} 

public void DisposeQ { m_AvailableResources.Close(); } 

} 


MbioTexcbi 

MbmmeKC (mutex) npenocTaBjiaeT B3aiiMHO ncKJHonaiomyio 6jiOKiipoBKy. Oh (jiymcuiio- 
HiipyeT aiiajioni'iiio o6 - beKTy AutoResetEvent (min o6beKTy Semaphore co .siiauemiCM 
cueTHHKa 1), TaK KaK bcc ip n KOHCTpyKiiini 3a o/piii pa3 ocikkxi/K/uiiot Bcero o/uih om- 
Aaiomnn nOTOK. Bot KaK isi.ir./ui/i,iiT KJiacc Mutex: 

public sealed class Mutex : WaitHandle { 
public Mutex(); 
public void ReleaseMutexQ; 

} 

MbiOTeKCbi ciia6>Kem,i nonojiHHTejibHon jiornKon, hto uejiacT hx 6ojiee cjioncHbiMH 
no cpaBHeHiiK) c upym.viii KOHCTpyKUHHMH. Bo-nepBbix, o6beKTbi Mutex coxpana iot 
HH cjiopMaitHK) o tom, KaKiie noTOKii hmh BjianeiOT. jih stoto OHii 3anpamiiBaiOT HUCH- 
TiicjiiiKaTop noTOKa (Int32). Ecjiii nOTOK Bbi3biBaeT mctoa ReleaseMutex, o6beKT Mutex 
CHanajia y6eacnaeTCH, uto 3to iimchho Bjianeiomnii hm nOTOK. Ecjiii sto hc TaK, cocToamie 
o6beKTa Mutex He mciimctch, a mcto/i ReleaseMutex reHepiipyeT iicK. iio'ienue System. 
ApplicationException. Ecjiii Bjianeiomnii o6beKTOM Mutex totok no KaKoii-TO npii- 
m-iHe 3aBepmaeTCH, npo6yaca,aeTCH npyroii nOTOK, ojuii/iaioiiiiiiT MbiOTeKca, h reHepiipyeT 
iiCKJiiOHeHiie System. Threading. AbandonedMutexExceptlon. 06bmHO sto hckjitohciihc 
ocTacTca Heo6pa6oTaHHbiM, tio iipnno/un k 3aBepmeHiiio Bcero npon,ecca. H sto xo- 
pomo, Benb HOBbiii nOTOK nojiynacT o6beKT Mutex, CTapbiii njia/icjici i KOToporo BnojiHe 
Mor 6biTb c|)iiHajiii3iipoBaH iicpc/i 3aBepmeHiieM ofiuonjiemiM 3amnmaeMbix miaotckcom 
naHHbix. Ecjiii hobwh nOTOK nepexBaTHT hckjiiohctpiic AbandonedMutexExceptlon, oh 
M oaceT nonbiTaTbca nojiymiTb uocTyn k noBpeacneHHbiM naHHbiM, hto npiiBeneT k He- 
npencKa3yeMbiM pe3yjibTaTaM ii npo6jieMaM 6e3onacHOCTH. 

KpoMe Toro, o 6 beKTbi Mutex ynpaii. iaiOT peKypciiBHbiM cuct'uikom, yKa 3 biBaiomiiM, 
CKOJibKo pa 3 iiOTOK'-iijia/icjieu yjicc Bjianeji o 6 beKTOM. Ecjih nOTOK BjianeeT MbioTeKCOM 
b HacTOfliiiHii momcht ii oacimaeT ero eme pa 3 , peKypciiBHbiii chcthiik yBejiimiiBaeTCH Ha 
c/iiiHimy, h nOTOKy pa 3 pemaeTca npoflOJiaciiTb BbinojiHeHiie. IIpii Bbi 30 Be noTOKOM MeTona 
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ReleaseMutex peKypciiBHbiii chcthhk y.vteiibmacTCM Ha CAHHHpy. H TOJibKO nocjie Toro, 
KaK ero 3iia'icimc aocthiiict 0, ii./ia/i,c. ; iP)ii,CM MbiOTeKca MoaceT CTaTb apyroii noTOK. 

BojibiHiiHCTBO nojib30BaTejieii i ic b BOCTopre ot 3toh AonoAHiiTeabHoii jioniKii. IIpo- 
oac.via b tom, 'no sth <<bo3mo5khocth» HMeiOT cbok) u,eHy. ()6'bcicry Mutex Tpe6yeTCH 
Aoho. imnejibFiaa naMHTb a a a xpaiiemiM n;icirm())uianopa noTOKa h peKypciiBHoro 
cneTHHKa. H iviamioe, koa o6beKTa Mutex AoaaceH ynpaiijmTb stoh HHC^opMapHeii, m io 
T0pM03IIT 6jIOKIipOBKy. ECJIH npiIAOACeHIIIO nOHa/],o6HTCH 3TII AOnOJIHIITejIbHbie B03M05K- 
HOCTH, ero KOA CMOJKCT peajIH30BaTb HX CaMOCTOHTeAbHO, He BCTpailBaa B o6bCKT Mutex. 
I Io.3TO.viy MHome paapaSonuiKii ciapaiOTcai o6xoahtbch 6e3 MbiOTCiccois. 

06mhho peKypciiBHoe 6AOKiipoBaHiie iiMeeT mccto, ccaii 3anepTbiii mctoa Bbi3biBaeT 
Apyrofi MeTOA, TaKace Tpe6yiomiiH 6AOKiipoBaHiiH. 3to ACMOHcrpHpyeT CAeAyiomiifi 

koa: 

internal class SomeClass : IDisposable { 

private readonly Mutex m_lock = new MutexQ; 

public void MethodlQ { 
m_lock.WaitOne(); 

// flenaeM mto-to... 

Method2(); // MeTOfl Method2, pexypcnBHO no/iynaiomnii npaBO Ha 6nOKnpoBKy 
m_lock. ReleaseMutexQ; 

} 

public void Method2() { 
m_lock.WaitOne(); 

// flenaeM hto-to... 
m_lock. ReleaseMutexQ; 

} 

public void Dispose() { m_lock.Dispose(); } 

} 

B npiiBeAeHHOM (jipar.vieine koa, Hcnojib.3yioiii.HH o6beKT SomeClass, MoaceT bh- 
3BaTb MeTOA Method 1, noAynaiomiifi o6beKT Mutex. 3 tot koa BbinojiHaeT KaKyio-TO 
6e3onacHyio b OTHomeHini noTOKOB onepaiinio, a 3aTeM Bbi3biBaeT mctoa Method2, TaKace 
BbinojiHHiomiiH KaKyio-TO 6e3onacHyio b OTHomeHini noTOKOB oneparuno. BjiaroAapa 
noAAepacKe peKypcim o6beKTOM Mutex noTOK CHanaAa ABaacAbi 6aoKiipyeTCH, a noTOM 
ABaacAbi pa36AOKiipyeTCH, h tojimco nocae 3Toro MbiOTCKC MoaceT nepeimi k HOBOMy no- 
TOKy. Ecaii 6bi Kaacc SomeClass HcnoAb30Baa bmccto MbiOTeKcao6beKT AutoResetEvent, 
npn Bbi30Be MeTOAA WaltOne totok 6i>i.i 6bi 3a6aoKiipoBaH. 

PeKypcHBHoe OJiOKTipoiiamie MoacHO ./ktko opraHH30BaTb npn noMomu o6beKTa 
AutoResetEvent: 

internal sealed class RecursiveAutoResetEvent : IDisposable { 
private AutoResetEvent m_lock = new AutoResetEvent(true); 
private Int32 m_owningThreadId = 0; 
private Int32 m_recursionCount = 0 ; 
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public void EnterQ { 

// nonynaeM MfleHTucjinKaTop Bbi3biBapomero noTOKa 

Int32 currentThreadld = Thread.CurrentThread.ManagedThreadld; 

// ECAM BbBblBaiOmUM nOTOK 6 aokm pyeTca , 

// yBe/inHMBaeM peKypcMBHbiii cseTHHK 
if (m_owningThreadId == currentThreadld) { 
m_recursionCount++; 
return; 

} 

// Bbl3blBaKHHH Pi nOTOK He HMeeT 6AOKHpOBKH, OKHflaeM 
m_lock.WaitOne(); 

// Tenepb Bbi3biBaiomMH nOTOK 6AOKnpyeTCA , HHMpna/ui3npyeM 
// MfleHTM(|)MKaTOp 3TOTO nOTOKa M peKy pc V BHblPi CHeTHHK 
m_owningThreadId = currentThreadld; 
m_recursionCount = 1; 

} 

public void LeaveQ { 

// ECAM BbBblBammHpi nOTOK He ABAfleTCA BAaAeAbLpeM 6/lOKH pOBKM j 
II npon3om^a omn6Ka 

if (m_owningThreadId ! = Thread.CurrentThread.ManagedThreadld) 
throw new InvalidOperationException(); 

// BbiHMTaeM eflMHHLiy H3 peKypcMBHoro cneTHMKa 
if (--m_recursionCount == 0) { 

// Ecah peKypcMBHbiPi cneTHMK paBeH 0, 

// hm oahh nOTOK He B/ia^eeT 6 aokhpobkoh 
m_owningThreadId = 0; 

m_lock.Set(); // npo6y>KAaeM oahh owHAaiomMH nOTOK (ecAH TaKMe ecTb) 

} 

} 

public void DisposeQ { m_lock.Dispose(); } 

} 

Xoth iiois<yi,cmic Kjiacca RecursiveAutoResetEvent hachthhho KJiaccy Mutex, o6b- 
eKT RecursiveAutoResetEvent npn nonbiTKe noTOKa iio.TyuuTP) npaBO Ha peKypciiBHoe 
6jiOKiipoBaHiie 6 vact HMeTb ;siia i tiiTe.TP>iio .Tyiinyio p 1 ])0PT3iio/p,iiTe.'iP j.ipocp Pj, TaK KaK npo- 
UCAypbi OTCJieaaiBaHHH noTOKa-Bjianejibiia h peKypcioi Tenepb iiaxo/itn'ca b ynpaBJiaeMOM 
ii'o;i,c. IIotok ()cyinccTH.TMCT iiepexoA b HApo Windows TO.Ti>ko npn nepBOM iio.Ty'PCiiii 11 
odbeKta AutoResetEvent haii npn oKOHnaTeAbHoii nepeAane ero ApyroMy notoKy. 
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CMHXpOHM3ai4MM nOTOKOB 


B i.ianc 29 6bijin paccMOTpeHbi npocTeiiniHe KoncTpyKmm cHHxpoHH3auHH nOTOKOB 
nojib30BaTejibCKoro peaama h peacrma aupa. Ha hx ochobc MoacHO CTpoi-iTb donee 
CJIOaCHbie KOHCTpyKUHH CHHXpOHH3aUHH. OdbIHHO KOIICTpyKII.11 II n0JIb30BaTeJIbCK0r0 
poKii.via h peacHMa a/tpa KOMdiiHiipyroTca, a to mto npn otom nojiyuaeTca, a Ha3biBaio 
zuSpudubiMU KOHcmpyKHjiLHMU cuKxpoHU3au,uu nomoKoe (hybrid thread synchronization 
constructs), npn OTcyTCTBim KOHKypeHUHH nOTOKOB nidpHAHbie KOHCTpyKUHH 
naiOT uaace donee BbicoKyio npoH3Bon.HTenbHOCTb, ueM npocTeiinnie KOHCTpyKUHH 
non boo bhtc.tbokoio peacuMa. B hhx Taicace iipiiMcnniOTCM npocTeiinme KOHCTpyKUHH 
peacriMa a/tpa, hto iio.3bo.imct H3deacaTb 3aunK.inisaHHM (nycToii TpaTbi npoueccop- 
Horo BpeMemi) npn nonbiTKe HecKOJibKiix nOTOKOB op,HOBpeMeHHO nonyariTb nocryn 
k npon,eccopy. TaK icaic b oo.TBiimiici BC npimoaceHiiii noTOKii pe/uco KOHKypupyiOT 3a 
aoci yn k KOHCTpyKiuni, noBbimemie r i pio n;.i ho/l n tct r i> 11 ( ict n cnocodcTByeT ycKopemno 
padoTbi npnjioaceHHa. 

B 3Toii raaBe paccMaTpuBaroTca Bonpocbi coatamiM rii 6 pna,Hbix icon copy kti.ii h Ha 
6 a 3 e npocTeiinmx KOHCTpyKiriiii. B uucthocth, bbi y 3 HaeTe, KaKiie iimchho mdpH/tHbie 
KOHCTpyKUHH IIOCTaB.TMIOTCM BMeCTe C FCL, n 03 HaK 0 MHTeCb C HX IIOBC/UTIIICM H IIO.TVTITT C 
npeucTaBJieHiie o tom, KaK npaBirnbHO c hhmh padoTam yno.vninaiOTC m h coanamibie 
jihhho mhoio KOHCTpyKUHH H 3 6116.T110TCKT1 Wintellect Power Threading, KOTopme uo- 
CTynHbi n,na 3 arpy 3 Kii (http://Wintellect.com/PowerThreading.aspx). 

Bjniace k KOHuy rnaBbi a noKaacy, KaK MHHHMH 3 npoBaTb iiorpcdnemie pecypcoB h no- 

BblCHTb npOH 3 BOUHTeJIbHOCTb C IIOMOIHBIO 6 e 30 naCHbIX B OTHOUieHIIII nOTOKOB KJiaCCOB 

KOJUieKUHH H 3 FCL, aBJiaiorunxca anurepHaTHBOH rndpiciiiBiM Koncipy kuiimm. Hy 
H HanOCJICAOK MbI odcy/I,HM aCHHXpOHHbie KOHCTpyKUHH CHHXpOHH 3 aUHH, n 03 B 0 aaK)lUHe 
CHHXpOHH 3 HpOBaTb UOCTyn K peCypCy 6 e 3 d.TOKTipOBKTI nOTOKOB — a C.TCUOBaTC.TBnO, 
coKparuarorune iiOTpedneime pecypcoB npn o/nionpeMcmiOM y.Ty'iiiiennn .vtacm'iadii- 
pyeMOCTH. 


llpocTan m6piiAHan 6/iOKnpoBKa 

I laTiie.vi c ueMOHCTpauriH npriMepa rndpH/pTOM 6 .tokii|)obkti b paMKax CHHxpoHH3auHH 
nOTOKOB: 

internal sealed class SimpleHybridLock : IDisposable { 

// Int32 ncnonb3yeTCfl npnMnTnBHbiMn KOHCTpyKqnflMn 
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// no/ib30BaTe.nbCKoro pewmvia (Interlocked-MeTOAbi) 

private Int32 m_waiters = 0; 

// AutoResetEvent - npuMUTUBHaa KOHCTpy kuhh pexuMa flflpa 

private AutoResetEvent m_waiterLock = new AutoResetEvent(false); 

public void EnterQ { 

// riOTOK xoneT no/iyMkiTb 6AOKnpoBKy 
if (Interlocked.Increment(ref m_waiters) == 1) 

return; // EnoKupoBKa cBo6oAHa, KOHKypeHpun HeT, B03BpauiaeM ynpaB^eHne 

// B^OKupoBKa 3axBaMeHa ApyruM nOTOKOM (KOHKypeHpun ), 

II npuxoflnTca >KflaTb. 

m_waiterLock.WaitOne(); // 3HaHMTeAbHoe CHnxeHne npon3BOAHTenbHocTn 
// KorAa WaitOne B03BpameT ynpaBneHne, btot noTOK 6A0KnpyeTcn 

} 

public void LeaveQ { 

// 3tot nOTOK ocBo6o>KAaeT 6nOKnpoBKy 
if (Interlocked.Decrement(ref m_waiters) == 0) 

return; // flpyrne noTOKM He 3a6noKMpoBaHbi, B03BpauiaeM ynpaBneHne 

// flpyrne noTOKH 3a6noKnpoBaHbi., npo6y>KAaeM oahh m3 hhx 
m_waiterLock.Set(); // 3HaHHTenbHoe CHn*eHMe npon3BOAHTenbHOCTK 

} 

public void DisposeQ { m_waiterLock.Dispose(); } 

} 

Knacc SimpleHybridLock conepaaiT ABa nona: oaho Tima Int32, ynpaBnae- 
Moe npiiMHTHBHMMii KOHCTpyKiiiiaMii i[o. iit.'ioBaTen i»c koto peacHMa, h BTopoe Tima 
AutoResetEvent, aBnaiomeeca npiiMiiTiiBHOH KOHCTpyKiiiiefi poKH.via aApa. l Ito6i>[ 
Ao6lITbCa OOJiee BbICOKOH npOH3BOAHTejIbHOCTH, npn 6jIOKIipOBaHIIII II V/KIIO llbnaibCM 
Hcnonb30BaTb none Int32 h no bo3moachocth He ncnonb30BaTb none AutoResetEvent. 
Ilone AutoResetEvent co3AaeTca npii KOHCTpyHpoBamin o6beKTa SimpleHybridLock 
n Mb. iMCTCM npmnuioH 3iia i imc.;iP)i[()m chhikchha npoii3BOAHTenbHOCTH, oco6eHHO no 
cpaBHemiio c noneM Int32. /],anee b stoh rnaBe paccMaTpimaeTca eme o/uia rn6pnAnaa 
KOHCTpyKiiim (AutoResetEventSlim), KOTopaa He C03AaeT nona AutoResetEvent no 
B03HiiKH0BeHiia Komcypemiini co CTopoHbi noTOKOB, OAHOBpeMeHHO nbiTaiouinxca AO- 
6iiTbca npaBa Ha 6noKiipoBaHiie. 3aicpbiBaiomHH none AutoResetEvent mctoa Dispose 
TaKnce .ina'niie.ibiio cmincaeT npoii3BOAHTenbHOCTb. 

KaK hh aa.Maimiibo BbiraaAHT aa/ui'ia noBbimeHiia npoii3BOAHTenbHOCTH npn C03- 
Aarnni h ocBo6oACAeHini o6beKTa SimpleHybridLock, nyarne cocpeAOToaiiTbca Ha ero 
MeTOAax Enter ii Leave, Bbi3biBaeMbix3aBpeMa ach3hii oobeicra 6eccaeTHoeKonnaecTBO 
pa3. /laBaHTe paccMOTpHM hx noApo6HO. 

nepBbiii Bbi3BaBmnii MeTOA Enter noTOK 3acTaBnaeT mctoa Interlocked. Incre¬ 
ment yBenmmTb none m_waiters Ha 1, CAenaB ero a i [anemic paBHbiM cahhhuc. Hotok 
o6HapyacHBaeT, hto npeaiAe noTOKOB, oacHAaromux npaBa Ha AaHHoe 6noKiipoBaHiie, 
He 6bino, noaTOMy nocne Bbi30Ba MeTOAa Enter oh B03BpamaeT ynpaBneHiie. 3Aecb 
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BaacHO to, hto noTOK oneHb 6biCTpo 6jioKiipyeTca. Ecjih Tenepb iiohbhtch BTopofi 
noTOK h Bbi30BeT MeTOA Enter, oh yBejiHTHT 3HaneHne nojia m_waiters yace ao Asyx 
h o6HapyacHT npucyTCTBiie yace 3anepToro noTOKa, iio.otomv oh daoKupyeTCH, Bbi3bi- 
Baa MeTOA WaitOne, HcnoAb3yiomHH noae AutoResetEvent. Bbi30B mctoas WaitOne 
3acTaBi-iT noTOK nepefiTii b hapo Windows, h hmchho 3Ta npou,eAypa npiiBOAHT 
K 3HaHHTeJIbH0My CHHaCeHHK) npOH3BOAHTejIbHOCTH. C>AHaKO 3T0T nOTOK B JII060M 
cjiyiac AOJiaceH npeicpaTHTb cboio padoTy, iio.9TO.vty tot cjtaiCT, hto nojmaa ocraHOBKa 
TpedyeT jihuihhx BpeMeHHbix 3aTpaT, He HBJiaeTca cjihhikom kphthhhbim. B HTore 
noTOK djioKupyeTca h nepecTaeT BnycTyio pacxoAOBaTb npoiteccopHoe BpeMa H3-3a 
3aH,HKJiiiBaHHH. M.viemio a .'Hi 3T0T0 h HyaceH 11 poAC.vio 1 ic/rp 11 poBai nibi ft eme b raaBe 29 
MeTOA Enter KJiacca SimpleSpinLock. 

Tenepb nepeftAeM k MeToay Leave. Ero bm 30 b noTOKOM conpoBoacAaeTca bh 30 bom 
MeTOAa Interlocked. Decrement, BbiHHTaiomero H3 nojia m_walters eAHHimy. Pa- 

BeHCTBO 3T0T0 110.1 VI HyjHO O./Slia'iaCT OTCyTCTBIie 3a6jIOKIipOBaHHbIX nOTOKOB BHyTpH 
Bbi30Ba vieTO/pi Enter, iio.9TO.viy noTOK, KOTopbifi Bbi3Baji mctoa Leave, MoaceT npocTO 
BepHyTb yiipaii.ieime. H CHOBa iioc.vtOTpii.vt, HacKOJibKO dbicrpo Bee sto nponcxoAHT. 
OcBodoacAeHiie duoKiipoBKii o./ma'iacT, tio noTOK iibi'tinaer CAHHHpy H3 iio.mm Int32, 
BbinojiHaeT dbicrpyio npoBepKy ycaoBna h lioaiipamacT ynpaBJieHiie! B to ace iipeMvi, 
ecjiH Bbi3biBaiomHH mctoa Leave noTOK o6HapyaaiBaeT otjiii miioc ot cah nimbi aiia'tcimc 
11o.ia m_waiters, oh y3HaeT o iia.iii'iiin icoiiKypeiimiii h o tom, tio, no rcpaftHcft Mepe, 
oahh 3a6jioKHpoBaHHbiii noTOK b nape yace nvtecTCH. IIotok, Bbi3biBaK>miift MeTOA Leave, 
AOJiaCCH pa36yAHTb OAHH (h TOJibKO OAIIh) H3 3a6jIOKHpOBaHHbIX nOTOKOB. /[./IV! 3T0T0 OH 
Bbi3biBaeT MeTOA Set odbcic'ia AutoResetEvent. /[amiavi oiicpanim BeAeT k CHHaceHHio 
npoH3BOAHTeAbHOCTii, TaK KaK noTOKy npiixoAHTca coBepmaTb nepexoAbi k HApy h odpaT- 
ho. K c'laci bio, noAo6Hbiii nepexoA ocyinecm.iviCTCvi TOJibKO npn 11a.u1 1 init KoincypeiinHH. 
Paay.viccTOi, odbeicr AutoResetEvent rapaHTupyeT iipo6y>i<ACimc TOAbKO oahoto h 3 
aad./iOKTtpoiiaimbix noTOKOB; bcc npoTiie aad./ioKitpobaimbic oo'bcino.M AutoResetEvent 
noTOKH ocTaii vTca b TaKOM coctovi 11 n u, noKa hobmh He3adAOKiipoBaHHbift noTOK He 
Bbi30BeT MeTOA Leave. 

nPMMEMAHME 

B AeucTBi/iTe/ibHOCTu MeTOA Leave Moxei Bbi3BaTb jiioOon noTOK b nio6oft momcht 
BpeMem/i, noTOMy hto MeTOA Enter He coxpaHaeT HHcpopMapuio o tom, xaxoMy no- 
TOKy yAanocb ycneiiiHO 3anepeTbcn. floOaBnTb Ann ototo none h ynpaB/imoiAHft koa 
Hec/ioxHO, ho 3to yBe/n/iHMBaeT o6beM naMHTH, Heo6xoAHMoPi p,nn caMoro odbeicra 
6noKnpoBaHnn, n CHnxaeT npon3BOAHTe/ibHOCTb Bbino/iHeHi/m motoaob Enter n Leave, 
BeAb hm b pe3y/ibTaie npnxoAHTca paOoTaTb c stum hobhm no/ieM. 3 npeAnoni/iTaio 
nMeib SbiCTpoAefiCTByiOLAee 6/iOKnpoBaHne n Koppeicmo ncnonb3yiOLAnn ero koa- 
C MHiJiopMaunen noAoOHoro poAa HeyMeiOT paOoTaTb hm coObuna, hh ceMa<j3opbi; 3to 
MoryT AeaaTb TO/ibKO MbiOTexcbi. 
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3ai;MK/iMBaHMe, B/iaAei-me noTOKOM 
m peKypcuq 

TaK KaK nepexoAH b s-iapo ,i f ia'i hix-./i f>f ro CHiiacaiOT npoii3BOAHTejibHOCTb, a iiotokii ocTa- 
iotch 3anepTbiMH 0'iciii) KopoTKoe Bpe.vui, o6myio npoii3BOAHTejibHOCTb npiiJioaceHim 
moacho noBbiciiTb, 3acTaBiiB noTOK nepen nepexoaoM b peaaiM a/ipa Ha HeKOTopoe BpeMH 
3aUIIKJIIITbCH B I IO.Tl>30MHTC./lbCKOM pOKIlMC. ECJIII B 3TO li|)CMM 6jIOKIipOBaHIie, KOTOpOrO 
o>icn;i,ac'[' noTOK, CTaHeT bosmoachmm, nepexo/i, b pc>icn.\i jiapa nc iiona/i,o6iiTCH. 

KpoMe Toro, HeKOTopbie BapnaHTbi 6jroKnpoBaHH>T HaaaraiOT 01 pami'iemic, b co- 
OTBeTCTBIie C KOTOpbIM nOJiyHHTb npaBO Ha 6. ; IOKIl|X)ISI<y MO/ICCT TOJIbKO nOTOK, CHII- 
Maromiifi 6jiOKiipoBKy. /Ipymc BapnaHTbi 6./ioiai|:)oisaiiiia nonycicaiOT peKypciiBHbiii 
3axBaT pecypca noTOKOM. M.viemm Taicoe noiic/iemu' neMOHCTpHpyeT o6beKT Mutex 1 . 
C iio.womi.io HeTpHBiiajibHOH jioniKii moacho peajiH30BaTb rn6piia,Hoe 6jioKiipoBaHiie, 
iipe/pio. iaraioiuec OAHOBpeMeHHO 3aii,iiKjmBaHiie, Bjianemie noTOKOM h peKypcmo. Bot 
npHMep no/i,o6Horo Koaa: 

internal sealed class AnotherHybridLock : IDisposable { 

// Int32 ncno/ib3yeTcn npHMnTHBOM b no/ib30BaTenbCKOM pe>KHMe 
// (MeTOflbi Interlocked) 
private Int32 m_waiters = 0; 

// AutoResetEvent - npniMHTHBHaa KOHCTpy kumh pe>KHMa flflpa 
private AutoResetEvent m_waiterLock = new AutoResetEvent(false); 

// 3to none KOHTponnpyeT 3apnKnnBaHne c pe/ibK) noflHHTb np0M3B0flHTenbH0CTb 
private Int32 m_spincount = 4000; // npon3BO/ibHO Bw6paHHoe 3HaneHMe 

// 3th nonn yKa3biBaH)Tj Kaxoii noTOK n CKO/ibKO pa3 6/iOKnpyeTCa 
private Int32 m_owningThreadId = 0, m_recursion = 0; 

public void EnterQ { 

// EC/1M Bbl3blBaH)mHM nOTOK y>Ke 3aXBaTHX 6/lOKMpOBKy., yBe/lHMHM peKypCMBHbin 

// cseTMHK Ha eflHHMLiy w BepHeM ynpaB/ieHMe 

Int32 threadld = Thread.CurrentThread.ManagedThreadld; 

if (threadld == m_owningThreadId) { m_recursion++; return; } 

// ESbi3biBaiomnM nOTOK He 3axBaTH/i 6/iOKnpoBKy., nbiTaeMcn nonyHHTb ee 
SpinWait spinwait = new SpinWait(); 

for (Int32 spinCount = 0; spinCount < m_spincount; spinCount++) { 

// Ecxh 6/iOKnpoBaHne bo3mo>khOj stot noTOK 6/ioKnpyeTcn 
// 3aflaeM HexoTopoe cocTOHHine v B03BpamaeM ynpaB/ieHine 
if (Interlocked.CompareExchange( 

ref m_waiterSj 1, 0) == 0) goto GotLock; 


1 npit oaciiAamra o6i>eKTa Mutex noTOK He 3aipiKAiiBaeTCH, noTOMy uto koa 3toto o6i>eKTa Ha- 
xoahtch b aape. To ecTb npoBepKa coctohhiih o6i>eKTa Mutex B03M0*Ha toai>ko nocae nepexoaa 
noTOKa b Hapo. 
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// flaeM ocTa/ibHbiM noTOKaM waHc BbinoAHMTbCA 
// b HaAexae Ha CHHTHe 6 /iokmpobkm 
spinwait.SpinOnce(); 

} 

// 3aL|MK/inBaHne 3aBepweH0, a 6AOKMpoBKa He CHATa, 

// nbuaeMCfl eme pa3 

if (Interlocked.Increment(ref m_waiters) > 1) { 

// OCTa/lbHbie nOTOKH 3a6AOKHpOBaHbl 

// H 3T0T TaK*e AOAJKeH 6blTb 3a6AOKMpOBaH 

m_waiterLock.WaitOne(); // 0>KMAaeM bo3mo>khoctm 6/iOKnpoBaHHfl; 

// npon3BOAHTe/ibHOCTb namaeT 

// npocHyBujMCbj 3tot noTOK noAynaeT npaBO Ha 6/iOKnpoBaHne 
// 3aflaeM HeKOTopoe cocTOHHHe m B03BpamaeM ynpaBneHine 

} 

GotLock: 

// Koraa noTOK 6AOKnpyeTcfl , 3anncbiBaeM ero nAeHTnc))HKaTop 
// h yKa3biBaeMj hto oh noAyHMn npaBo Ha 6/iOKnpoBaHine BnepBbie 
m_owningThreadId = threadld; m_recursion = 1; 

} 

public void LeaveQ { 

// Ecam BbBbiBaminHM noTOK He 3anepT, owin6Ka 
Int32 threadld = Thread.CurrentThread.ManagedThreadld; 
if (threadld != m_owningThreadId) 
throw new SynchronizationLockException( 

"Lock not owned by calling thread"); 

// yMeHbtuaeM Ha eAMHMpy pexypcMBHbiM cneTHMK. Ec/im noTOK Bee eme 
// 3anepTj npocTO B03BpamaeM ynpaB/ieHiie 
if (--m_recursion > 0) return; 

m_owningThreadId = 0; // 3anepTbix noTOKOB 6o/ibme HeT 

// Ec/im HeT Apymx 3a6/iOKMpoBaHHbix noTOKOB, B03BpamaeM ynpaBAeHMe 
if (Interlocked.Decrement(ref m_waiters) == 0) 
return; 

// OcTa/ibHbie noTOKM 3a6/iOKMpoBaHbb npo6y>KAaeM oamh m3 hmx 
m_waiterLock.Set(); // 3HaHMTe/ibHoe nameHMe npoM3BOAMTe/ibHOCTM 

} 

public void DisposeQ { m_waiterLock.Dispose(); } 

} 

KaK bhahtc, ocHameHiie Kona OAOKTipoiiamiM nonojiHHTejibHOii jioniKofi \T:c.;m'ni- 
BaeT KOjiiraecTBO ii.vktoiuiixcm ii o.icii, a.sna'nn, h iiotpc6.;ktiiic naMHTH. Ko/p KOTopbifi 
AOJiaCCH BbHIOJIHHTbCH, CTaHOBHTCH C.TO'/KTICC, HTO TaiOICC CFIH/KaCT 111 )0 H,'i [50/LH'I CJI F>HOC'I Ia 
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6jiOKnpoBami>T. B i. laipe 29 cpaBHimajiacb [i|)on,i ijo/iH ica/rr> 11 r>c rr> KOHCTpyKHHH, i/pe 
yBejiHAiiBajiocb Ha chummy .piia'iemte THna Int32 6e3 6jioKiipoBaHiiH, a laiOKC npn- 
MHTHBHOH KOHCTpyKHHH n0JIb30BaTejIbCK0r0 pOKH.Yia H KOHCTpyKHHH pC/KH.Via >1/1,pa. 
H i!()cii|)0ii.3BC/i,y 3/i.ccP) pe3y/ibTaTbi TecTa, /pooamiis k hum pe3yjibraTbi HcnoAb30BaHHa 
KJiaccoB SimpleHybridlock h AnotherHybridLock. Bot ohii ot caMoro 6biCTporo 
k caMOMy MeAJieHHOMy: 


Incrementing x: 8 
Incrementing x in M: 69 
Incrementing x in SpinLock: 164 
Incrementing x in SimpleHybridLock: 164 
Incrementing x in AnotherHybridLock: 230 

Incrementing x in SimpleWaitLock: 8,854 


CaMblil 6blCTpblh 
Mefl/ieHHee ~9 pa3 
MeflneHHee ~21 pa3 

MeflneHHee ~21 pa3 (aHanornHHo SpinLock) 
Mefl/ieHHee ~29 pa3 (n3-3a B/iaflemm/ 
peKypcun) 

MeflneHHee -1107 pa3 


Ctoht 3aivreTHTb, hto 6/ioKiipoBKa AnotherHybridLock OTHiiMaeT b Asa pa3a 6o/ibme 
BpeMeHii, HeM SimpleHybridLock. 3to o6yc/iOB/ieHOnono/iHHTe/ibHOii/ioniKoii h npo- 
BepKoii oihh6ok, Heo6xoAHMoii aah ynpaB/ieHim B/ianeHiieM noTOKOM h peKypcneH. 
KaK ip i'i/pi]TC, Ha 1 ipoii,3iio/pi'iTC/i p> 1 ioct ip OTpraiaTe/ibHO ciai;sp>iipacTCM jno6aji jioniKa, /po- 
6aB/iHeMaa b koa 6/ioKiipoBaHiiH. 


rn6pHAHbie KOHCTpyKUHH B FCL 

B FCL cyiHCCTipycT miio/kcctipo ni6piPAiibix KOHCTpyKHHH, ncnoAb3yioiHHx H30HipeHHyio 
/ioniKy, KOTopaa /po. i/Kiia v/pcp/icaTi, noTOKii b no/ib30BaTejibCKOM poiCHMC, noBbimaa 
npOH3BOAHTejIbHOCTb npiIAOACeHIIH. B HeKOTOpbIX ni6pHAHbIX KOHCTpyKILHHX B03- 
HiiKHOBeHiia KOHKypeHiiHH MOK/py noTOKaMii o6pameHim k KoiiCTpyiapiiaM pc/Kii.via 
HApa Taioi(e He nponcxoAHT. B peay/i ihatc, ec/i h KOHKypeHH,iia TaK h He B03HiiKaeT, 
ippii./10/icciiip 10 He npuxoAHTca CTaAKHBaTbca c naAemieM pi|) opi3uo/ppi'pcjii>iiocp pi h He- 
o6xOAHMOCTbIO BblACAHTb naMaTb A AH OO'bCKTa. I ICKOTOpblC KOHCTpyKHHH IIO/PACpHCH- 
BaiOT o6beKT CancellationToken (oh paccMaTpHBaaca b iviaipe 27), a .pna'iii i, noTOK 
iio/iyiaeT B03M05KH0CTb ii|)iiiiyypH'ie,H)iio paao/ioiaipoiiaTi, Apyrne noTOKii, KOTopbie 
MoryT HaxoAHTbca b pc>Kn.vic o/Kii/paiiiia. B atom paa/pc/ie mm paccMOTpHM paa/i 11 ■ 111i>i e 

THnbI Ol6pHAHbIX KOHCTpyKHHH. 

K/iaccbi ManualResetEventSlim u SemaphoreSlim 

IlepBbie abc rn6piiAHbie KOHCTpyKHHH — 3to Kaaccbi System. Threading. ManualReset¬ 
EventSlim ii System. Threading. SemaphoreSlim 1 . Ohii cjiyHKHiiOHiipyiOT tohho TaK ace, 
KaK iixana/ioni peacHMaaApa, OTAiiaaacb to,h>ko aaipiiicniisamiCM b iio. ; ii>30iiaTC, : ibCico.\i 


1 Xoth KJiacca AutoResetEventSlim He cymecTByeT, bo mhothx ciiTyaLpuax mojkho o6ohthcb 
KOHCTpyupoBaHiieM o6i>eKTa SemaphoreSlim c napaMeTpoM maxCount paBHBiM eAiiHHipe. 
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peacHMe, a TaKace tcm, hto ohii He co 3 AaiOT kohctpykijhh peacHMa jiApa ao bo 3 hiikho- 
BeHiia KOHKypeHuiiii. Hx MeTOAbi Wait iio 3 bo.thiot nepeAaTb niKjiopManiiio o BpeMeHii 
oaciiAaHHH h o 6 - beKT CancellationToken. Bot KaK BbirAAAnT AaHHbie KAaccbi (HeKOTopbie 
neperpyaceHHbie liepcmi mctoaob He noKa 3 aHbi): 

public class ManualResetEventSlim : IDisposable { 

public ManualResetEventSlim(Boolean initialState, Int32 spinCount); 

public void DisposeQ; 

public void ResetQ; 

public void Set(); 

public Boolean Wait( 

Int32 millisecondsTimeout, CancellationToken CancellationToken); 

public Boolean IsSet { get; } 
public Int32 SpinCount { get; } 
public WaitHandle WaitHandle { get; } 

} 

public class SemaphoreSlim : IDisposable { 

public SemaphoreSlim(Int32 initialCount, Int32 maxCount); 
public void DisposeQ; 

public Int32 Release(Int32 releaseCount); 
public Boolean Wait( 

Int32 millisecondsTimeout, CancellationToken CancellationToken); 

// CneuMa/ibHbiki MeTOfl a/ia ncno/ib30BaHna c async w await (cm. r/iaBy 28) 
public Task<Boolean> WaitAsync(Int32 millisecondsTimeout, 

CancellationToken CancellationToken); 

public Int32 CunnentCount { get; } 

public WaitHandle AvailableWaitHandle { get; } 

} 


K/iacc Monitor n 6 jiokh CMHxpoHH3ai4nn 

BepoHTHO, caMofi nonyAapHOii H3 ra6pHAHbix KOHCTpyKUHH cnnxpoHH3anHH noTOKOB 
HBAaeTca K.iacc Monitor, obecnenHBaiomHH naan \i o h c ka io 1 la ion pec OAOiaipoiiaiiiie c 3a- 
UHKAHBaHHeM, BAaACHiieMnoTOKOM h peKypcHeii. /[ainiaa koi peppy pa him iiciio.TprsycTca 
name Apyrnx noTOMy, hto hbahctch oahoh h 3 caMbix CTapbix, aah ee noAAepacKH b C# 
cymecTByeT BCTpoeHHoe KAioneBoe caobo, c Hen no yMOA'iaiiino yMeeT pa6oTaTb JIT- 
KOMnHAHTOp, a CLR 11OA P>3 yCTCTI eio OT HMeHH lipil.TO>PCCIII1M. OAHaKO, KaK Bbl CKopo 
y6eAHTecb, pa6oTaTb c Hen HenpocTO, a iio./iy'P u p pj HeKoppeKTHbiii koa O'iciii, Aereo. 
Cna'[a.Ta mm paccMOTpHM caMy KOHCTpyKiinio, a noTOM OTAeAbHO octal io is hmch Ha bo3- 
moachmx npo6AeMax h cnoco6ax hx o6xoAa. 

C KaacAbiM o6 - beKTOM b kv'pc mo>icct 6biTb ciiMoaiia CTpyKTypa AaHHbix, i pa.3bp isae.waH 
6jiokom cuHxpoHU3au,uu (sync block). 3tot 6aok coAepacHT noAH, iioxo>khc Ha noAH 
paHee yiiOMiiipaisiiiei'Oca b 3toh rAaBe KAacca AnotherHybridLock. Toancc, ecTb noAe 
AAa obneKTa HApa, iiACHTiicjiiiKaTopa noTOKa-BAAAeAbna, cneTHHKa peKypcmi h cneTHiiKa 
OACHAaiomiix noTOKOB. IGiacc Monitor hbahctch CTaTHnecKiiM, h ero mctoah npiiHiiMaiOT 
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CCbIJIKH Ha JII060H o6bCKT KyHH. YnpaBJICHIie nOJIHMII 3 TII MCTO/Lbl OCymeCTBJIHIOT b 6jio- 
Ke CHHxpoHii 3 au,mi 3a/i,aiiii()i'() o6 - beKTa. Bot KaK bi.iivih/uit name Bcero Hcno/ib 3 yeMbie 
MeTOAbi Kjiacca Monitor: 

public static class Monitor { 

public static void Enter(Object obj); 
public static void Exit(Object obj); 

// Mokho Taioxe yi<a3aTb BpeMfl 6/iOKnpoBaHua (Tpe6yeTCfl peflKo): 

public static Boolean TryEnter(Object obj, Int32 millisecondsTimeout); 

// ApryMeHT lockTaken 6yaeT paccMOTpeH no3flHee 

public static void Enter(Object obj., ref Boolean lockTaken); 

public static void TryEnter( 

Object obj, Int32 millisecondsTimeout, ref Boolean lockTaken); 

} 

OneBiiAHO, mto npiiBH3Ka oaoica ciiHxpoHH3aii,HH k KaacnoMy o6beKTy b icy no hb- 
.TMCTCH AOCTaTOHHO paCTOHHTe/IbHOH, OCo6eHHO CC./III yiCCTb TOT 4>aKT, TIO 6)0.11)1111111- 
CTBO o6beKTOB HIIKOr/La He 110.T l)3\ r lOTCM 3THM 6.T0IC0M. L l l o6bl CHII3HTb I lOTpCO.TCI IIIC 
naMHTH, paopaooT'imcn CLR npHMeHHjiH nonce ::><}x))Ck titi; 11biii BapnaHT peajiH3au;HH 
onucaHHOii <))y 11 ki tno i m.i bi i ociii . Bo ape mm ii i iiiiiiia.T 113 ai 1,1111 CLR BbinejiaeTca MacciiB 
onoicoa ciTHxpoHH3au,HH. KaK yace He pa3 ynoMiiHajiocb b stoh KHiire, npn coanaiiiiii 
o6beKTa b icyte c hum caacsbiaaiOTca /psa /loiio. iiiiiicji biibix cnyncconaix 11 on a. IlepBoe 
none — yicaaaTC.Tb Ha o6beKT-Tiin — conepacHT anpec stoto o6beKTa b na.viaTH. Bto- 
poe none conepacHT undeKC 6 jiokci cuHxpoHU3au,uu (sync block index), to ecTb iiii.teicc 
B MaCCHBC THKHX 6 jiokob. 

B MOMeHT icoiiCTpyiipoaamia of/ae icra otomv iin/iyiccy npiiCBariBaeTCH aiia'ie line — 1, 
HTO OanauaCT OTCyTCTBHe CCbUIOK Ha 6 jI 0K CHHXpOHH3aU,HH. 3aTeM npn BbI30Be MCTO/ta 
Monitor. Enter CLR o6HapyaciiBaeT b MacciiBe CBo6oAHbiii 6 jiok CHHxpoHH3au;HH h npii- 
CBaiiBaeT ccbiaicv Ha Hero oo'bcia y. To ecTb npiiBH3Ka oo'ceicra k onoicy CHHxpoHii3an,ini 
npoiicxonHT «Ha ,TCTy». iVlcTO/i, Exit npoaepacT nannanc noTOKOB, oacii/Laiomiix 6jioKa 
CHHXpOHH3ailHH. EcjIH THKHX nOTOKOB HC odHapyaCIIBaeTCH, MeTOA B03BpamaeT HHACKCy 
3HaneHiie -1,03Hanaiomee, hto 6jiokii CHHxpoHH3auHH cbo6oahw h Moryr 6biTb CBH3aHbi 
c KaKHMU-miSv/lb npyniMH odneKTaMH. 

PucyHOK 30.1 neMOHCTpiipyeT CBH3b Meacay o6beKTaMii kvhh, hx iiHueKcaMii 6 jiokob 
CHH xpoHH3an;HH h one.Yieirra.Yiii MacciiBa 6 jiokob cmixpomiaami 11 b CLR. yKa3aTenb Ha 
o6beKT-THn oo'beiCTOis A, B h C ccbuiaeTca Ha THn T. 3 to roBopm o npiiHa/yieacHOCTH 
Bcex Tpex oo'bCKTOis k 0/1,1 lo.viy h TOMy ace THny. KaK oocyacnanocb b raaBe 4, odbeKT- 
THn TaKace naxo/iynca b icyte h i i 0/1,06 no bccm ocTan a 11 ai m o6be icia.vi oonanacT a ay.via 
cjiyace6HbiMii njieHaMii: iiHueKCOM 6jioKa cHHxpoHH3au;HH h yKa3aTeaeM Ha o6beKT-Tiin. 
To ecTb 6 jiok ciiHxpoHH3aH,HH MoacHO caaaaTb c o6beKTOM-THnoM, a ccbijiKy Ha otot 
odneKT MoacHO nepenaTb mcto/pim KJiacca Monitor. Kcthth, MaccriB 6 jiokob ciiHxpo- 
HIT3aU,ITIT npn Heo6xOAHMOCTH MOaCCT yBejIHHHTb KOJIIineCTBO 6/IOKOB, nOSTOMy He 
CTOHT 6cCIIOICOI1TbCa, '1TO npil O/LI l()a])CMCI 11 loii CIIHXpOHII3aH,HII HCCKOJIbKIIX OO'bCICTOa 
6/IOKOB He XBHTHT. 
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Pmc. 30.1. MHfleKC 6/iokob cnHxpoHM3auun oOteKTOB b xyne (BK/nonaa oObexTbi-Tunbi) 
MoxeT ccbmaTbcsi Ha 3anncb b MaccMBe 6 /iokob CMHxpoHH3au,HH CLR 


Ciie/iyromHH ko/i, /tCMOiicipiipycT iipc/pio. ; iarac.vn,iii hcxoahhh BapnaHT iiciio.ib.'io- 
BaHiia KJiacca Monitor: 

internal sealed class Transaction { 
private DateTime m_timeOfLastTrans; 

public void PerformTransaction() { 

Monitor.Enter(this); 

// 3TOT KOfl MMeeT 3KCK.m03HBHblii flOCTyn K flaHHbIM. .. 

m_timeOfLastTrans = DateTime.Now; 

Monitor.Exit(this); 

} 

public DateTime LastTransaction { 
get { 

Monitor.Enter(this); 

// 3tot koa nMeeT coBMecTHbiii AOCTyn k ashhum. . . 

DateTime temp = m_timeOfLastTrans; 

Monitor.Exit(this); 
return temp; 

} 

} 


} 
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Ha nepBbiii B3rjiflA bcc Bbirjw/iHT AOCTaTOHHO npocTO, ho oto He TaK. npo6aeMa b tom, 
HTO HHACKC 6jIOKa CHHXpOHII3aH,HII KaACAOTO o6b6KTa IK'MmiO II3XO/I.HTCM B OTKpbITOM 
AOCTyne. H bot KaK oto ripoHB. iMCTOi: 

public static void SomeMethod() { 
var t = new TransactionQ; 

Monitor.Enter(t); // 3 tot noTOK no/iynaeT OTKpbiTyio 6AOKMpoBKy o6teKTa 

// 3acTaBnneM noTOK ny/ia BbiBecTn BpeMn LastTransaction 
// nPMMEHAHME. noTOK ny/ia 3a6noKnpoBaH ao BbiBOBa 
// MeTOflOM SomeMethod MeToaa Monitor.Exit! 

ThreadPool.QueueUserWorkItem(o = > Console.WriteLine(t.LastTransaction)); 

// 3fleCb BbinO/lHfieTCB KaKOpl-TO KOA- .. 

Monitor.Exit(t); 

} 

B 9tom Kone noTOK, BbinojiHHiomiiH mctoa SomeMethod, Bbi3biBaeT mctoa Monitor. 
Enter, nojiynaji OTKpbiTyio 6jioKiipoBKy o6beicra Transaction. Korna noTOK nyjia 3a- 
npamiiBaeT cbohctbo LastTransaction, sto cbohctbo Taicace Bbi3biBaeT mctoa Monitor. 
Enter, mto6i>i no.'iyinTb npaBO Ha to ace caMoe 6jioKiipoBaHiie. B pe3yabTaTe noTOK nyjia 
OKa3biBaeTCH 3a6aoKiipoBaHHbiM, noKa noTOK, BbinoaHHiomioi mctoa SomeMethod, He 
Bbi30BCT mctoa Monitor. Exit, npn noMomu OTjia/LHHKa MoacHO onpenemiTb, hto noTOK 
nyjia 3a6aoKiipoBaH miyipH CBoiicTBa LastT ransaction, ho y3HaTb, KaKoii eme noTOK 
3a6;ioKiipoiiai[, o'iem> caoacHO. stoto HyacHO iioiihtI), khkoh h.vutiiio koa npiiBea 
k nojiytemiio 6 jiokhpobkh. Ho ;place cc. : in bm sto y3HaeTe, mio. ine MoaceT OKa3aTbCH, 
HTO 3TOT KOA OICaTKCTCTI HCAOCTynHblM /L./IM pe/l,aKTHpOliamiM, a 3»lia i IHT, Bbl He CMOaCeTe 
ycTpaHHTb npo6aeMy. Hmchho noaTOMy a npeAaaraio noAb30BaTbca TOJibKO 3aKpbiTbiMH 
6aoKiipoBKaMH. Bot icaiaiM o6pa30M c.tcavct ncnpaBiiTb ic/iacc Transaction: 

internal sealed class Transaction { 

private readonly Object m_lock = new ObjectQ; // Tenepb 6/iOKnpoBaHne 

// b paMKax Kaxflon TpaH3aKunu 3AKPblT0 

private DateTime m_timeOfLastTrans; 

public void PerformTransaction() { 

Monitor. Enter(m_lock); // Bxoa b 3aKpbiTyio 6noKMpoBKy 
// 3TOT KOA UMeeT 3KCKAK)3UBHblil flOCTyn K AaHHbIM. . . 

m_timeOfLastTrans = DateTime.Now; 

Monitor.Exit(m_lock); // Bnxoa m 3 3aKpbiToPi 6 /iokmpobkh 

} 

public DateTime LastTransaction { 
get { 

Monitor. Enter(m_lock); // Bxoa b 3aKpbrryio 6noKnpoBKy 
// 3 tot koa UMeeT MOHOnOAbHbiPi AOCTyn k AaHHbiM. . . 

DateTime temp = m_timeOfLastTrans; 

Monitor.Exit(m_lock); // 3aBepwaeM 3aKpbuoe 6noKnipoBai-me 
return temp; 

} 

} 

} 
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Ecjih 6h 'uiem.i KJiacca Transaction 6bijiH CTaTHHecKHMH, /lyia hx 6e3onacHOCTH 
b OTHOineHim noTOKOB AOCTaTOAHO 6buio 6bi c/pejiaTb cia'i n'iccKiiM nojie m_lock. 

O.pnaKO a /pyxiaio, bm yace iioiih. iii H3 iipe/pmecnsyioiiiipx oocyac/pe11nii, tio KJiacc 
Monitor He/pojiaceH 6biTb pcajmsoiiaii KaK cia'i n'iecKiiii; ero cjic/pycT peajni30BaTb, KaK 
h Bee npo'me koh cTpy kh hpi , b Bi/pe KJiacca, /ponycKaionpero co.a/pamie 3K3eMnjinpoB 
h Bbi30B 3K3eMnjiHpHbix mcto/pob. TaKace peajiH3aipHH KJiacca Monitor KaK CTanraecKoro 
coa/pacr pap, /ponojiHHTejibHbix npo6./ic.Yi: 

□ Ecjih ran o6n>cina- 1 ipc/pcxa ip n tcji a ais.iacTca npoii3BO/pHbiM ot System.Marshal- 
ByRefObject, Ha TaKOii o6beKT mojicct ccbuiaTbca iiepcMOimaa (ora TeMa paccMa- 
TpiiBajiacb b rjiaiic 22). npii iicpc/pa'ie .vicTO/pa.vi KJiacca Monitor ccbijiKH Ha TaKoii 
r ipc/icrMiui rc. r f> 6jiOKiipyeTca iipc/pcTaiiincjib, a He npe/pcTaBjiaeMbiH ppm o6beKT. 

□ Ecjih noTOK Bbi3biBaeT .ypcto/p Monitor. Enter h i lepc/paci' b Hero ccbuiKy Ha oobcici'- 
Tim, 3arpyaceHHbni iiciri ppuipaio no OTHomeHiiio k /po.vieiiy (o tom, KaK sto c/pejiaTb, 
mm roBopnjiH b iviaiic 22), noTOK 6jiOKiipyeT stot THn bo Bcex /po.Ytenax npoipecca. 
3 to H3BecTHan He/popa6oTKa CLR, HapymaioiipaH /peKJiapupyeMyio H30JHipoBaHHOCTb 
/po.Meiioi!. HcnpaBiiTb ee 6e3 noTepn npoii3BO/pHTejibHOCTH cjioacHO, nosTOMy hiikto 
3thm He aamiYiacTca. Ilojib30BaTejisiM npocTO peicoMeii/pyiOT imicoiypaHe nepe/paBaTb 
ccbuiKy Ha o6beKT-THn b yicto/ppj KJiacca Monitor. 

□ TaK KaK CTpoKii jponycKaioT nHTepHiipoBaHiie (sto o6cyac/pajiocb b rjiaBe 14), /pea 
paaHbix cjiparMeHTa KO/pa MoryT oihiiSohho cocjiaTbca Ha o/pim h tot ace o6beKT String 
b naMHTii. npii nope/pane cchjikh Ha stot o6beKT b mcto/pm Tima Monitor BbinojiHemie 
3thx /pisyx (jipai Yicinoii ico/pa 6y/pcT iieiipe/piia.vpepemio CHHxpoHii3iipoBaTbCH. 

□ npii iiepe/pa'pe ctpokh 'tepe;s rparonpy /po.vteiia CLR He coa/pacr ee Konnio; ccbuiKa Ha 
CTpoKy npocTO i lepe/pacTca b /ppyron /po.vteii. 3to noBbimaeT npoH3BO/pHTejibHOCTb, 
h b TeopHH Bee /poji/KiiO 6biTb b iiopa/pice, TaK KaK o6beKTbi THna String Heii3MeHHbi. 
Ho c hhmh, KaK ii c jho6mmh /ppyniYtn o6beKTaMH, ci»iaaii iiii/pcKC 6jiOKa ciiHxpoHii- 
3arpiiH, KOTopbiii MoaceT ii.a.YiciiaTijca. TaKiiM o6pa30M, noTOKii b paa. : m i mi>ix /po.Yiciiax 
iiamippaioT ciiHxpoHH3HpoBaTbca /ppyr c /ppyroM. 3to ciipc o/pna iic;po|:);i6oTKa CLR, 
CBH3aHHaa C He/POCTaTOHHOH H30JIIip0BaHH0CTbI0 /POMCHOB. nOSTOMy n0JIb30BaTejIHM 
peKOMeH/pyeTca iinicoiypa He nepe/paBaTb ccbMOK Ha o6beKTbi THna String .vieTO/pa.vp 
KJiacca Monitor. 

□ TaK KaK MeTO/pbi KJiacca Monitor npHHHMaiOT napaMeTpra THna Object, nepe/pana 
hm a.iia'iiiMOi'o THna npiiBO/pHT k ero ynaKOBKe. B pe3yjibTaTe noTOK 6jiOKiipyeT 
ynaKOBaHHbiii o6beKT. npn KaaypoM Bbi30Be MCTO/pa Monitor. Enter OJioiaipyeiCM 
jppyrofi o6bCKT, H CHHXpOHH3aipHH nOTOKOB BOo6lipe OTCyTCTByeT. 

□ npiiMeHeHiie k MeTO/py aTpn6yTa [MethodImpl(MethodImplOptions .Synchro¬ 
nized)] 3aCTaBJIHeT JIT-KOMnHJIHTOp OKpyaCHTb MamHHHblii KO/P YlCTO/pa BbI30BaMH 
Monitor. Enter n Monitor. Exit. Ecjih mcto/p HBaaeTcn 3K3eMnjnipHbiM, sthmM era- 
jpaM nepe/paeTCH this, raro npiiBO/puT k ycTaHOBjieHiiio hoibho OTKpbiTOii 6 jiokhpobkh. 
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B (yiyiae CTaTiraecKoro .\ic'[0/i,a sthm /lyy.Yi mcto/uim iiepe/ycTCM ccbuiKa Ha o6beKT- 
ran, 'no npiiBOAHT k iio rcimna. iiiiioii 6jioKiipoBKe HeHTpajibHoro no OTHomeHiiio 
k AOMeHy Tima. I Iootomv hci io./r f>;jo nar f> yaimiaii aTpH6yT He peKOMeHnyeTcn. 

□ IIpii Bbi30Be KOHCTpyKTopa THnoB (oh o6<:y>i</p,ajiCM b iviaise 8) CLR 6jioKiipyeT /lyia 
mna o6beKT-THn, rapaHTiipyn, tio Bcero 0 / 1,1111 noTOK npHMeT yiac'inc b HHHpna- 
jiH3au;HH yaipnom o6beKTa u ero CTaiTi'peciaix rlo./reii. H CHOBa 3arpy3Ka 3Toro Tuna 
iidippa/naio no OTHomemno k AO.vieiiy coa/picx npo6jieMbi. K npimepy, ec/in koa 
KOHCT pyKTopa Tima isoh/icx b oecKoiicnibiii hhkjt, ran CTaHeT iiciipm o;p,iibi.vi /lyia 
Hcnojib30BaHim bccmh /p,o\idia.Yiii b npopecce. B yaiiiiOM cjiynae peicoMCii/yvcTOi no 

B03M05KH0CTH H36eraTb KOHCTpyKTOpOB THna HJIH XOTH 6bl AejiaXb HX KaK M05KHO 
6ojiee KOpOTKHMH H npOCTbIMH. 

K coacajieHino, najibine bcc cxaiioisincfi TOJibKo xyace. Tan KaK paapaoox'pn kip npn- 
BbiKjni b o/iiio.vi h tom >kc mcxoac ycTaHaBjniBaTb 6jiOKiipoBKy, tpo-xo /[.caia'p p>, a 3aTeM 
CHHMaTb 6jIOKIipOBKy, B C# nOHBIIJICH ynpOmeHHblH CHHTaKCHC B BIIAe KJIIOHeBOrO CJIOBa 
lock. PaccMOTpnM cjieayromHH mcto jx : 

private void SomeMethod() { 
lock (this) { 

// 3TOT KOfl MMeeT 3KCK.m03MBHbin flOCTyn K flaHHbIM. .. 

} 

} 

npiiBeneHHbiii cjppap'Mci p i 3KBiiBajieHTeH c./ic;i,yioine.\iy: 

private void SomeMethod() { 

Boolean lockTaken = false; 
try { 

// 

Monitor.Enter(this, ref lockTaken); 

// 3TOT KOfl MMeeT MOHOnO/lbHblM flOCTyn K AaHHbIM... 

} 

finally { 

if (lockTaken) Monitor.Exit(this); 

} 

} 

IlepBaH npo6jieMa b naHHOM cjiynae coctoiit b npiiHHTOM pa3pa6oT T nncaMii C# peme- 
hhh, hto MeTOA Monitor. Exit jiynme Bbi3biBaTb b 6jiokc finally. Ohh cnnTajin, hto sto 
rapaHTiipyeT ciurme 6 jiokhpobkh bhc 3aBHCHMOCTH ot npoiicxo/ymiero b 6jiokc try. Ofl- 
HaKO Hnnero xopomero b stom hct. Ecjih b 6jiokc try b npopecce H3MeHeHiiH coctohhiih 

B03HIIKHeT HCK. I lO'PCI PIPC, COCTOHHIie OKa'/ICC'P CfI I IOIi|)C>l\/l,CI [ 11 l>l \l. H dPMXlie 6 jIOKIipOBKII 
b 6 noKe finally npiiBeneT k TOMy, hto c noBpeacneHHbiM cocTOHHiieM HanHeT pa 6 oTaTb 
npyrofi noTOK. Jlymie no3BOjniTb iipii;io>icemiio 3aBHCHyTb, 'pcm ocTaBHTb ero pa 6 oTaTb 
c iiois|)C/k;iciiiii>imii /iaiiin,iMii n noTeHiiiiajibHbiMii 6 pemaMii b 3amiiTe. KpoMe Toro, 
bxoa b 6 / 101 / try n m > 1 x 0 / 1 , H3 6 /iOKa am>icacx pi]) 0 pi3i;o/eii'[<‘. : ii>i loc i ia Mexona. HeKOTopbie 
JIT-KOMnruiHTopbi He noAflepaciiBaiOT noacTaHOBKy juw mctoaob, b kotopmx hmciotch 
6 .to ini try, 'i po eme 6 ojibme cniiacaeT 11 ]) 0 n,’ j no/iiiic'.pmi ocp pj. B HTore mm iiojiyiacM 
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6ojiee Me/yieHHbiii koa, k TOMy ace AonycKaiomiiii AOCTyn iiotokob k noBpeacAeHHOMy 
coctohhhio 1 . I lo.3TO.viy a KpafiHeHe peicoMenayio BaM noAb30BaTbca iiiicrpyiauieii lock. 

Tenepb nepeii;i,e.vi k nepeMeHHofi lockTaken THna Boolean h k npo6jieMe, KOTopyio 
npii3BaHa pemiiTb 3Ta nepeMCHHaa. IIpeAiiOAOACHM, noTOK boihca b 6jiok try h 6ma npe- 
pBaH a o Bbi30Ba MCTOAa Monitor. Enter (npepbiBamie noTOKOB o6cyacAaAOCb b raaBe 22). 
I locjie aToro b 1,1.3i)iliacica 6 jiok finally, ho ero koa He aoaacch CHHMaTb 6jiOKiipoBKy. 
B 3tom HaM iiomo/KCT nepeMeHHaa lockTaken. Eh npucBaiiBaeTca iia'ia ibiioc .iiianemie 
false, o.'iiia'iaiomcc, 'no 6jioKiipoBKa eme He ycTaHOBJieHa. Ecah Bbi3BaHHbiii mctoa 
M onitor. Enter ycneniHO noAyaaeT 6jioKiipoBKy, nepeMCHHOii lockTaken npucBaiiBaeTca 
.inane ime true. Eaok finally no 3iia [ ieiinio stoh nepeMeHHofi onpeAeAaeT, HyacHO ah 
B bi3biBaTb mctoa Monitor. Exit. KcTaTH, CTpyKTypa SpinLock TaKace noAAepacHBaeT 
naTTepH c nepeMeHHofi lockTaken. 

K/iacc ReaderWriterLockSlim 

Macro noTOKii npocTO Mirraio r HeKHe /umm>ie. Ecjih TaKiie Aaimi>ie 3amnmeHbi B3an- 
MOHCKjnonaiomeH 6 jiokhpobkoh (HanpiiMep, SimpleSpinLock, SimpleWaitLock, 
SimpleHybridLock, AnotherHybridLock, Mutex hjiii Monitor), to npn nonbiTKe oaho- 
BpeMeHHoro AOCTyna HecKoabKiix noTOKOB pa6oTy npoAOJiacHT TOJibKO o/uin H3 hiix, 
a ocTajibHbie 6jioKiipyiOTCH, hto 3HaaiiTeAbHO yxya,niaeT MacniTa6iipyeMOCTb h cnnacaeT 
npoii3BOAHTejibHOCTb Bamero ripiuToaccHHa. Bupo'ie.vi, b cjiynae /locxyiia b peacHMe 

TOJibKO AJia 'ITCHHIT Heo6xOAHMOCTb B 6jlOKHpOBICC OTnaAaeT, H nOTOKII lio.'iy'ia IOT 

OAHOBpeMeHHbiii AOCTyn k /uumbi.vi. A bot noTOKy, KOTopbiii xoncr miccni b Aaiiin>ic 
H3MeHeHiiH, TpeSyeTca MOHonojibHbiH AOCTyn. KoHCTpyKH,iiH ReaderWriterLockSlim 
coAepacHT aoriiKy, no3BOAHiomyio pemiiTb AaHHyio npo6AeMy. ynpaBAeHiie noTOKaMii 
ocymecTBAaeTca caeAyromiiM o6pa30M: 

□ Ecah oaiih noTOK ocymecTBAHCT 3araicb AaHHbix, bcc ocTajibHbie noTOKH, Tpe6yK>miie 
AOCTyna, 6AOKiipyiOTCH. 

□ Ecaii oaiih noTOK ahtact Aamibie, bcc ocTaAbHbie noTOKH, Tpefiyiomiie AOCTyna, npo- 
AOAacaiOT pa6oTy, 6AOKiipyiOTCA toabko noTOKii, oaciiAaromne AOCTyna Ha 3anHCb. 

□ IIocAe 3aBepmeHiiH pa6oTbi noTOKa, ocymecTBAHBinero 3araicb AaHHbix, pa36AOKiipy- 
eTca ah6o oahh noTOK, oacHAaiomnii AOCTyn Ha 3anncb, ah6o Bee noTOKH, oacHAaio- 
mne AOCTyn Ha 'neiiiie. npii OTcyTCTBim 3a6AOKiipoBaHHbix noTOKOB 6AOKiipoBKy 
noAynaeT CAeAyiomufi noTOK htchhh hah 3arrHCH, KOTopoMy sto noTpeSyeTca. 

□ IIocAe 3aBepmeHiiH bccx noTOKOB, ocymecTBAaBiHiix 'nemie AaHHbix, pa36AOKiipyeTCH 
noTOK, oacHAaiomnii paa.pcniemia Ha 3anHCb. IIpi! OTcyTCTBim 3a6AOKiipoBaHHbix 
noTOKOB 6AOKIipOBKy IIOAV'IIIT CAeAyiOmilli noTOK 'ncillia HAH 3anHCH, KOTOpOMy 
3to noTpeSyeTca. 


1 KcTaTH roBopa, bAOKiipoBKy moacho 6e3onacHO chute b 6aokc finally, ecAii koa 6aoKa try 
TOAbKO niiTaeT cocTOHHiie, He nbiTaacb ero H3MeHHTb (BnponeM, aro TaKXce npiiBOAHT k chhacchhio 
npOH3BOAHTeAbHOCTIl). 
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Bot KaK BbirjiHAHT /pimibiii Kjiacc (HeKOTopbie neperpyaceHHbie Bepcini mctoaob He 
noKa3aHbi): 

public class ReaderWriterLockSlim : IDisposable { 

public ReaderWriterLockSlim(LockRecursionPolicy recursionPolicy); 
public void DisposeQ; 

public void EnterReadLock(); 

public Boolean TryEnterReadLock(Int32 millisecondsTimeout); 
public void ExitReadLockQ; 

public void EnterWriteLock(); 

public Boolean TryEnterWriteLock(Int32 millisecondsTimeout); 
public void ExitWriteLock(); 

// Eio/ibujuHCTBO npu/iOKeHuii Huxorfla He obpamamTCS k stum cBoiicTBaM 

public Boolean IsReadLockHeld { get; } 

public Boolean IsWriteLockHeld { get; } 

public Int32 CurrentReadCount { get; } 

public Int32 RecursiveReadCount { get; } 

public Int32 RecursiveWriteCount { get; } 

public Int32 WaitingReadCount { get; } 

public Int32 WaitingWriteCount { get; } 

public LockRecursionPolicy RecursionPolicy { get; } 

// He noi<a3aHbi HneHbi., cBA3aHHbie c nepexoflOM ot HTeHua k 3anucn 

} 

CjieayiomHH kojx neMOHCTpupyeT npiiMeHeHiie naHHofi KOHCTpyKiinn: 

internal sealed class Transaction : IDisposable { 
private readonly ReaderWriterLockSlim m_lock = 

new ReaderWriterLockSlim(LockRecursionPolicy.NoRecursion); 
private DateTime m_timeOfLastTrans; 

public void PerformTransaction() { 
m_lock.EnterWriteLock(); 

// 3TOT KOfl MMeeT MOHOnO^bHblU flOCTyn K flaHHblM... 

m_timeOfLastTrans = DateTime.Now; 
m_lock.ExitWriteLock(); 

} 

public DateTime LastTransaction { 
get { 

m_lock.EnterReadLock(); 

// 3TOT KOA HMeeT COBMeCTHblH AOCTyn K AAHHblM. .. 

DateTime temp = m_timeOfLastTrans; 
m_lock.ExitReadLock(); 
return temp; 

} 

} 

public void DisposeQ { m_lock.DisposeQ; } 

} 
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C 3toh KOHCTpyKiineii ciiM.'saii pa/i, KoiincnnHH, 3ac;iy>Kiiiiaiomiix OTAC/mimm yno- 
MHHaHHH. Bo-nepBbix, KOHCTpyKTopy ReaderWriterLockSlim moacho nepe^aTb (ji./iar 
LockRecurionsPolicy, onpeAejieHHbiii CAeAyromiiM o6pa30M: 
public enum LockRecursionPolicy { NoRecursion, SupportsRecursion } 

Ojiar SupportsRecursion naacMHCT koa 6AOKMpoisami>i Mexami3MOM li./iaACiiua no- 
TOKOM H peKypCHBHbIM IIOBCACUUCM. KaK VACC ynOMHHajIOCb B .')TO H TJiaBe, 3TH peACHMbl 
HeraTHBHO is. iiimiot Ha npoii3BOAHTeAbHOCTb fLTOKTipoisaiimi, TaK 'no a peKOMeHAyio 
BcerAa nepeAaBaTb KOHCTpyKTopy cjuiar LockRecursionPolicy.NoRecursion (KaK 
3to c/ie./iaiio b MoeM npuMepe). IIoAAepACKa peACHMOB ic : ia/i,eim a noTOKOM h peKypcnn 
A.;ia 6jiokhpobahhh Ha ‘nemie-.iamicb hh.ihctcm KpaiiHe AoponiM yAOBOJibCTBiieM, iscapj 
npn 6jioKiipoBaHiiH iiv/iciio oicjioicuiiaTb Bee 6jioKiipyeMbie noTOKH, aami.Yiaiomiiecs-i 
HTeHHeM AaHHbix, h iio/i,Acp>KuisaTi) aah KaacAoro 113 hiix OTAC./ibiii>iii chctmhk peKypcnn. 
Ha caMOM acac aah ynpaBAeHH a Bceii stoh micjiopManHCH b 6e3onacHOM b OTHOineHini 
noTOKOB peacuMe KOHCTpyKitHH ReaderWriterLockSlim BHyTpeHHe ncnoAb3yeT B3aii- 
MOucK. no'iaioiuec o./iOKiipoiiaimc c 3au,HKJiiiBaHHeM! 11 a ne myty. 

K./iacc ReaderWriterLockSlim coAepACHT /yjiio. imne./ibmac MeroAbi (paHee ohii He 
AeMOHCTpupoBajiHCb), no3BOJunomHe HHTaiomeMy noTOKy npeBpaTHTbca b noTOK 3a- 
iiiicbibaiomriii. 3aTeM b03.vio>K(‘i[ o6paTHbiii nepexoA. B ochobc TaKoro noAXOAa a exert r 
HAea, 'no b npou,ecce 'nemtri AaHHbix noTOKOM .vioacct B03HiiKHyTb ncooxo/piMOCi b 
hx peAaKTHpoBaHHH. I loAAcpaoca AaHHoro nobeAenua cmtxcacT npoH3BOAHTeAbHOCTb 
6ao Ku|)Obaima. Hy a a TaK BOo6me carnaio ero 6ecnojie3HbiM. /(cvto b tom, tio noTOK He 
moacot npocTO TaK npeBpaTHTbca H3 'imaioiucm b iinmymitit. IlepeA tcm KaK oh i lo./iy mh i 
iioaiso.ieime Ha noAo6Hoe npeo6pa30BaHHe, Bee oc ia./ibiiijie 'ttnaiomne iiotoku aoaachm 
noKHHyTb koa o./ioiatpoisaim 'A. 3to to >icc caMoe, tio noTOK HTCHiia, ocbo6o>KAaiomuii 
6./iOKu|)ObKy h TyT Ace rroaiynaporunii ee AAa 3amien. 

nPMMEHAHME 

B FCLTaKxe npncyTCTByeT kohctpykahh ReaderWriterLock, noaBnBLuaaca eme b Microsoft 
.NET Framework 1.0. OHa 6bma HacToabKO npo6neMHon, hto b Bepcnto 3.5 pa3pa- 
Oothukh Microsoft BBeai/t KOHCTpyKu,nio ReaderWriterLockSlim. MeHaTb KOHCTpyKpnto 
ReaderWriterLock ohh He CTaan, HTo6bi He noTepmbcoBMecTi/iMOCTn c ncnoab3ytoiAHMn 
ee npnaoxeHHPMn. flaHHan KOHCTpyKu.ua paOoTaeT KpaiiHe MeflJieHHO Aaxce b OTcyTCTBni/i 
KOHKypeHAMM noTOKOB. OHa He no3BoaaeT OTKa3aTbca ot BaaAeHna noTOKOM n peKypcnB- 
Horo noBeAeHna, eLpe cnabHee 3aMeAaaioiAnx 6aoKnpoBaHne. rioTOKn HTeHi/ia MMem 
b 3tom KOHCTpyKu,nn npnopnTeT nepeA noTOKaMn 3anncn, hto MOxeT npnBec™ k npo- 
OaeMaM Tuna «OTKa3 b o6cayxnBaHmi». 

K/iacc OneManyLock 

H co3Aaa co6cTBeHHyio KOHCTpyKitnio 'ncmiM-.saimcri, pa6oTaioiu,yio 6biCTpee, mcm 
BCT poeHHbiii b FCL KJiacc ReaderWriterLockSlim 1 . 3Ta KOHCTpyKiina Ha3biBaeTca 


1 Koa b cjraiine Ch30-l-HybridThreadSync.cs HBAaeTca nacTbio conpoBOAHTejibHoro KOAa 
k AaHHOH KHirre. Bh MoxceTe 3arpy3HTb ero c cafiTa http://Wintellect.com/Books. 



fn6pMAHbie KOHCTpyKLJ,MM B FCL 869 


OneManyLock, TaK KaK OHa npeAOCTaBnneT AOCTyn jiii6o OAHOMy ninnymeMy noTOKy, ah6o 
HecKOJibKiiM 'iiiTaiomu.M. /],aHHbiH Kjiacc BbirjiHAHT npimepHO c.;icAyioiuii.vi o6pa30M: 

public sealed class OneManyLock : IDisposable { 
public OneManyLock(); 
public void DisposeQ; 

public void Enter(Boolean exclusive); 
public void LeaveQ; 

} 

Tenepb iiocmotphm, KaK sto pa 6 oTaeT. Knacc coAepacHT none Tnna Int32, ri|)C/ li ia- 
3HaneHHoe ffjm xpaiicnmi coctohhiih SnoKiipoBaHiiH, o 6 beKT Semaphore, 6 noKHpyiomHH 
AHTaioniHe noTOKii, n 06 'beKT AutoResetEvent, SnoKiipyioiiinn ninnymiie noTOKii. Ilone 
3anncn coctohhiih coAepacHT b ce 6 e nHTb BnoaceHHbix nonen. 

□ HeTbipe 6 iiTa npeACTaBJiHioT cocTonmie 6jiokhpobkh. 3HaHemie 0 03HanaeT F ree (ao- 
CTynHo), 1 — OwnedByWriter (3aHHTO 3araicbiBaiomiiM noTOKOM), 2 — OwnedByReaders 
( 3 aHHTO HiiTaiomHMii noTOKaMii), 3 — OwnedByReadersAndWriterPending ( 3 aHHTO 
3anncbiBaiomHM h HiiTaromiiMii noTOKaMii) n 4 — ReservedForWriter (3ape3epBii- 
poBaHO aah 3anncbiBaiomero noTOKa). /Ipyrue .ina'iemiH He Hcnonb3yiOTCH. 

□ /],BaAiiaTb 6iitob (hiicao ot 0 ao 1048575) npeACTaBJiHiOT KonunecTBO noTOKOB htchiih 
(RR), AonycTHMbix aah OnoKiipoBKii. 

□ /[naAHaTb 6htob npeACTaBAHiOT KoniraecTBO noTOKOB 'itciiiisi (RW), oaoiAaiomiix 
nonyHemiH OnoKiipoBKii. 3th noTOKii yAepacimaeT oObckt AutoResetEvent. 

□ /liia/utaTb 6 htob npeACTaBAHiOT KoniraecTBO noTOKOB 3aniiCH (WW), o>Kii/i,aioiniix 
nonyHeraiH OnoKiipoBKii. 3th noTOKii yAepaciiBaeT oObckt Semaphore. 

Tenepb, koiaa bch HHcjiopMaiiHH o OnoKiipoBaHiin CKOHiieHTpupoBaHa b oahom none 
Tima Int64, h Mory ynpaBAHTb 3thm noneM npn noMomu mctoaob Knacca Interlocked. 
B pe3ynbTaTe OnoKiipoBaHiie BbinoAHHCTCH ohchb 6 biCTpo h npiiBOAHT k OnoKiipoBaHino 
noTOKa TOAbKO npn laimcypcimini noTOKOB. 

Bot [ rr« nponcxoAHT npn BxoAe noTOKa b koa OnoKiipoBaHiiH coii.viec'mom AOCTy- 
na: 

□ Ecaii 6 AOKiipoBaHiie bo3moacho, npiiCBaiiBaeM coctohhiiio 3HaneHiie OwnedByReaders, 
BbinoAHHCM RR = 1, B03BpamaeM ynpaBnemie. 

□ Ecaii coctohhhc OnoKiipoBaHiiH imeeT 3HaneHHe OwnedByReaders (3aHHTO noTOKOM 
htchiih), BbinoAHHeM RR++, B03BpamaeM ynpaBAeHiie. 

□ B npoTHBHOM cjiyiae BbinoAHHeM RW++, 6 ,/iOKTipye.vi noTOK 'nemia. KorAa noTOK 
npocHeTCH, npoxoAHM hhka h /tcjiacM BTopyio nonbiTKy. 

Bot 'no nponcxoAHT npn BbixoAe noTOKa H3 KOAa 6 aokiipobkii coBMecTHoro ao- 
CTyna: 

□ BbinOAHHeM RR - -. 
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□ Ecah RR > 0, B03BpamaeM yiipaii;icimc. 

□ EcjiiiWW > 0, npiiCBaiiBaeM coctohhhio 3HaHeHiieReservedForWriter(3ape3epBiipo- 
BaHO aah noTOKa 3anHCii), BbinoAHHeM WW - ocBo6o5KAaeM oahh 3a6jioKiipoBaHHbni 
noTOK 3anncH, B03BpamaeM ynpaBAeHiie. 

□ Ecjih RW = 0hWW = 0, i [])iicn;iuuac.vi coctohhhio .inanemie Free (cbo6oaho), bo 3- 
BpamaeM ynpaBjieHiie. 

BOT HTO npOHCXOAHT npil BXOAe nOTOKa B KOA 6 jIOKHPOBKH C MOHOnOJIbHbIM ao- 
CTynoM: 

□ Ecaii 6AOKiipoBaHiie bo3moacho, npiiCBaiiBaeM coctohhhio 3HaHeHiie OwnedByWriter 
(3aHHTO noTOKOM 3anHCii), B03BpamaeM ynpaBAeHiie. 

□ Ecah cocTOHHiie 6AOKiipoBKii paBHO ReservedForWriter (3ape3epBiipoBaHO aah 
noTOKa 3anHCii), npiiCBaiiBaeM coctohhhio ana'iemie OwnedByWriter (aaiiHio no- 
tokom 3anHCii), B03BpamaeM ynpaBAeHiie. 

□ Ecah coctomiiuc 6aokhpobkh paBHO OwnedByWriter (aaimro noTOKOM .aanncn), 
BbinoAHaeM WW++, 6AOKiipyeM noTOK 3anHCH. KorAa noTOK npocHeTCH, npoxoAHM 
Uiika h AeAaeM BTopyio nonbiTKy. 

□ B npoTHBHOM CAynae npiiCBaiiBaeM coctohhhio 3HaHeHiie OwnedByReaders- 
AndWriterPending (oacimaHiie noTOKOB htchiih h 3anHCii), BbinoAHHeM WW++, 6ao- 
KiipyeM noTOK 3aniiCH. KorAa noTOK npocHeTCH, npoxoAHM m i km h AeAaeM BTopyio 
nonbiTKy. 

Bot tic) nponcxoAHT npn BbixoAe 113 6aokhpobkh noTOKa c MOHonoAbHbiM AOCTynoM: 

□ Ecah WW = 0 n RW = 0, iipiiciiaiiiiacM coctohhhio .siia'iemie Free (cbo6oaho), B03- 
BpamaeM ynpaBAeHiie. 

□ Ecaii WW > 0, npiiCBaiiBaeM coctohhhio 3HaHeHiie ReservedForWriter (3ape3epBiipo- 
BaHO aah noTOKa .aanncn), BbinoAHHeM WW - ocBo6oacAaeM oahh 3a6AOKnpoBaHHbni 
noTOK 3anncH, B03BpamaeM ynpaBAeHiie. 

□ Ecah WW = 0 n RW > 0, npiiCBaiiBaeM coctohhhio 3HaHemie Free (cbo6oaho), Bbi¬ 
noAHHeM RW = 0, npo6y»CAaeM Bee 3a6AOKiipoBaHHbie noTOKii 'itchhh, B03BpamaeM 
ynpaBAeHiie. 

IIpeAnoAOACHM, 'no y Hac oahh 3anepTbiii noTOK ocymecTBAHeT 'itciihc, a Apyroii 
ACAeT OCBo6oACAeHIIH 6AOKIipOBKH, HTo6bI OCymeCTBHTb 3amiCb. 3aniICbIBaiOmHH nOTOK 
ciia'iajia npoBepnT, CBo6oAHa ah 6AOKiipoBKa, h TaK KaK pe3yAbTaT 6yAeT OTpimaTeAb- 

HblM, HaHHCT TOTOBIITbCH K C./IC/LV 1011 LC H npOBepKe. E[o B 3TOT MO MCI IT HHTaiOIII,HH nOTOK 
MOACeT nOKIIHyTb KOA 6AOKIipOBKH, H o6HapyACHB, HTO 3HaHeHHH RR H WW paBHbl 0, nOTOK 
npncBOHT coctohhhio 6AOKiipoBKH 3 1 la'iciiiic F ree. OAHaKO npo6AeMa b tom, hto noTOK 
3aniiCH v>kc aaron'iiui npoBepicy coctohhiih h npoAOAACHA BbinoAHeHiie. OaicnriecKTi 
noTOK 'neiimi «3a cmiHOH» noTOKa 3aniiCH mchhct to coctohhhc, k KOTopoMy nocAeA- 
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hhh iibi raciCM iia iyun b nocTyn. /L. ih xoppexTHoro djioxiipoBaHiia Hyamo pa3o6paTbca 
c aahhoh npo6jieMofi. 

JXjih 3Toro Bee MaiwnyjianHH c OHTa.vni Bbmojmalorca c ii]) 11 mcm r oh ne.M ii|)iicmob, 
oniicaHHbix b paa/ycie «yHHBepcajibHbiii Interlocked-naTTepH» rjiaBbi 29. Ecjih noM- 
HiiTe, ;iamii<iii naTTepH npeBpamaeT .nooyio oiicpan,n 10 b 6e3onacHyio b OTHOineHiiii 
noTOKOB h aTOMapHyio. M.vieimo sto odccncmiiacT 6biCTpoe 6jiOKiipoBamie. CpaBHiiB 
npoH3BOAHTejibHOCTb Moero Kjiacca OneManyLock h xjiaccoB ReaderWriterLockSlim 
h ReaderWriterLock H3 FCL, a nojiyarui ccieayioippiiii peaycipaar: 
npupameHiie x b OneManyLock: 330 — MaxcriMajibHO Obicrpo. 

IIpiipameHiie x b ReaderWritenLockSlim: 554 — npriMepHO b 1,7 pa3a Me/yieHHeii. 
npiipameraie x b ReaderWriterLock: 984 — iipn.viepiio b 3 pa3a MC/iyieimeii. 
Paay.viecTcai, r i ])oii.3 iio/i,n[<‘.r r>[ locib 6. : ioiaipoi:ami a Ha 'ncmie-aaimcb HeMHoro i in ace 
H3-3a Toro, 'no jioth ica 3/tecb donee HacbimeHa, ae.vi bo i 33 a n mo ne ic.iio 1 1a io npc\t 6.10101- 
poBaHini. Ho ctoht noMHiiTb Taxace h o tom, hto 6 ./iokti|)o naime Ha mtc imc-.3ai II 1 CP> A o- 
nycxaeT o, : i,iioiipeMeimoe ncnojmeHiie HecxonbXHx 'imaioiniix noTOKOB. 

B 3aBepmeHiie stoto pacypecia a b o'fepe/piioii pa3 ynoMaHy moio 6ii6./iiiO'icicy Power 
Threading library (ee mopscho 3arpy3iiTb decnnaTHO no anpecy http://Wintellect.com/ 
PowerThreading.aspx). OHa co/tepacHT HeMHoro npyryxi Bepciix) 3Toii djioxiipoBXH, xo- 
Topaa Ha3biBaeTca OneManyResourceLock. 3toth/ ppyiTie BapriaHTbiOaoKiipoBaHiiaH3 
Moefi dudjiiiOTexii npefljiaraxjT MHoacecTBO nonojiHiiTejibHbix B03MoacHOCTeii, HanpiiMep 
pacno3HaBaniie B3aiiMHoii 6jioxnpoBXii (deadlocks), BKjnoaeHiie peaaiMOB BJiayemiH 6 jio- 
KiipoBaHiieM h pexypci-ni ( 3 a hto npimeTca njianiTb cm-iacem-ieM npoii3BO/i,HTejibHOCTH), 
yHii4>imnpoBaHHaa nporpaMMHaa Monenb Bcex dnoxupoBOX h cpencTBa HadcnoneHiiH 3 a 
iioise/peiine.vi djioKiipoBOK b npon,ecce BbinojmeHira. npn ipa6.no/pcii it 11 3 a iioise/pcmie.vi 
MoacHO y3HaTb MaKCHMaabHoe BpeMa O/icn/paiiiia iio.ayieiiiiM 6./ioiciipoiiicii noTOKOM, 
a Taxace MaxcHMa/ibHoe h .vtpiippim;p.ii>i 10 c BpeMa ya,epacaHiia ocioicnpomcii. 

K/iacc Countdown Event 

Cae/iyiomaa KOHCTpyKu,na Ha3biBaeTca System.Threading. CountdownEvent. OHa no- 
CTpoeHa Ha ochobc odbexTa ManualResetEventSlim h dnoxupyeT noTOK %o AOCTnacemia 
BHyTpeHHIIM CICT'I IPICOM .ilia'ieilllM 0. I loiSC/lClllie 3TOH XOHCTpyXH,IIH aHa.MC'['pa. ll,IIO 
npoTHBonojioacHO noBe/ieraix) ceMacjiopa (6jioxnpyx)mero noTOXii, noxa 3HaaeHiie 
oiex'iiiica paBHO 0). Bot xax mapen j-i/ipi p /paiiiim'i xaacc (HexoTopbie neperpyaceHHbie 
BepcriH MeTOAOB He noxa3aHbi): 

public class CountdownEvent : IDisposable { 
public CountdownEvent(Int32 initialCount); 
public void DisposeQ; 
public void Reset(Int32 count); 

public void AddCount(Int32 signalCount); 

public Boolean TryAddCount(Int32 signalCount); 


// npncBauBaeM CurrentCount 
// 3HaMeHue count 
// yBe/iuseHne CurrentCount 
// Ha signalCount 
// yBe/iHHeHine CurrentCount 
// Ha signalCount 


npodojiMemie & 
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public Boolean Signal(Int32 signalCount); // YMeHbueHne CumentCount 

// Ha signameCount 

public Boolean Wait( 

Int32 millisecondsTimeout, CancellationToken cancellationToken); 
public Int32 CumentCount { get; } 

public Boolean IsSet { get; } // true, ec/iw 

// CumentCount paBHO 0 

public WaitHandle WaitHandle { get; } 

} 


/^ocTHrayToe napaMCTpoM CumentCount KJiacca CountdownEvent HyjieBoe .anaHciwc 
yace He MoaceT 6biTb H3MeHeH0. Ecjih napaMeTp CumentCount paBCH 0, MeToa, AddCount 
reHepupyeT HCKJnoneHHe InvalidOperationException, a Mera/i T ryAddCount npocTO 
B03BpamaeT .iFianemie false. 

K/iacc Barrier 

KoHCTpyKH,HH System. Threading. Barrier 6buia C03a,aHa naa pemcinia nocTaTOHHO 
pe/u<o B03HiiKai0HieH npo6jieMbi, TaK m io ispa/i, jii-i BaM Koiypi-mi6y/u> npiiyiCTOT eio 
nojib30BaTbCH. OHa ynpaii./iHCT rpynnaMii napajuiejibHO isumo. iimlomnxca noTOKOB, 
ooeciic'iniiaa o/uioispe.vieimoe npoxoacneHiie hmh Bcex cj)a3 ajiropHTMa. K npiiMepy, 
Koiyui CLR 3aa,eHCTByeT cepBepHyio Bepcnio y6opmiiKa Mycopa, ero ayiropuT.vi coa/tacr 
o/[,ii f r noTOK iiciio.iiieiiiiM yyia Kaac/tom nppa. 3th noTOKii npoxo/i/ix nepea. pa3JiHHHbie 
CTeKii npujioaceHHH, OAHOBpeMeHHO noMenaa o6beKTbi b Kyae. 3aBepmiiB cboio nopunio 
pa6oTbi, noTOK nojiaceH ocTaHOBiiTbca h nonoacnaTb 3aBepmeHim pa6oTbi ocTayibHbix. 
Kor/ia Bee noTOKii noMeTHT o6beKTbi, ohii CMoryT OAHOBpeMeHHO npucTyniiTb k cacaTiiio 
pa3JiiiHHbix MacTcii Ky'iii. ITotok, aaicoii'iiimiinii cacimaTb Kyiy, cyicyiyer 3a6jioKiipoBaTb, 
hto6m oh noacnayiCH 3aBepmeHim ocTajibHbix noTOKOB. IIotom Bee noTOKii o/uiois|)e- 
MeHHO 11 1)0 ii/lV'c 'iepe.3 ctck noTOKOB npiuioaceHim, npiicTsaHBaa kophhm ccbijiKH Ha 
HOBbie MCCTOiio.ioaceiina cacaTbixotTbeicron. H TOJibKO nocae aaiiepmemia bccx noTOKOB 
neHTejibHOCTb coopi n iiKa Mycopa oniTacTCH oKonueimoii h iioaii. iMCTca B03M0acH0CTb 
BOCCTaHOBHTb noTOK 111)n. ioacciIIIXI. 

/lamibiii cpeHapHH aerKO peayinayeTOi npn noMomu KJiacca Barrier, KOTopbiii 
BbiryiHAHT c.;ic/i,yioiuiiM o6pa30M (ncKOTopbie neperpyaceHHbie Bepcnn mctoaob He no- 
Ka3aHbi): 

public class Barrier : IDisposable { 

public Barrier(Int32 participantCount, Action<Barrier> postPhaseAction); 
public void DisposeQ; 

public Int64 AddParticipants(Int32 participantCount); // flo6aB/ieHne 

// yaacTHHKOB 

public void RemoveParticipants(Int32 participantCount); // Yfla/ieHne 

// yaacTHHKOB 

public Boolean SignalAndWait( 

Int32 millisecondsTimeout, CancellationToken cancellationToken); 


public Int64 CurrentPhaseNumber { get; } // noKa3biBaeT 4>a3bi npopecca 
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// (Ha^nHan c 0) 

public Int32 ParticipantCount { get; } // Ko/iMMecTBO ynacTHUKOB 

public Int32 ParticipantsRemaining { get; } // Hmc/io noTOKOB, Heo6xoflHMbix 

// p.nn Bbi30Ba SignalAndWait 

} 

IIpii KOHCTpyupoBaHiiii Kjiacca Barrier yKa.3P)iisaeTca koahhcctbo noTOKOB, ko- 
Topbie 6yayi npiiHiiMaTb yiacme b pa6oTe. Moacho 'laioice nepc/ia'i'i, KOHCTpyKTopy 
neneraTa Action<Barrier>, cciii.iaioiuerocM Ha koa, KOTopbiii 6 vact Bbi3BaH nocjie 
aanepmemia BceMH yaacTimKaMii o'fepc/iiioii 4 )a;:ii>i. /[iiiiaMii'iecKii AodaBAHTb noTOKii 
k Kjiaccy Barrier h yAaAHTb hx OTTy^a moacho npn noMomu mctoaob AddParticipant 
h RemoveParticipant, ho Ha npaKTHKe sto AejiaeTCH Kpaime peAKO. 3aBepuiiiBmiiH 
cbokp (J)a3y pa6oTbi noTOK aoaacch BM3BaTb mctoa SignalAndWait, KOTopbiii 3a- 
CTaBiiT MeTOA Barrier 3 a 6 jiOKiipoBaTb AaHHbiii noTOK (c noMom,bio KOHCTpyKu,iin 
ManualResetEventSlim). Ilocjie Bbi30Ba MeTOAa SignalAndWait bccmh ynacTHHKaMii 
mctoa Barrier Bbi3biBaeT AeneraTa (c iiomoihiuo piocjic/ 1,1 pcpo odpamampieioca k mctoav 
S ignalAndWait noTOKa) h CHinviaeT 6jioKiipoBKy co Bcex noTOKOB, a aBaa hm bo3moac- 
HOCTb p pope (i p p i k CAeAyiomeii (jiaae. 

BbIBOflbl no m6pMAHblM KOHCTpyKLlllflM 

H peKOMeHAyio no bo3moachocth H36eraTb koaa, dAOKiipyiomero noTOKii. Biiiiio.iiiaa 
acuHxpoHHbie i!i,['[iic.ieiiiia hah onepaiinii BBOAa-BbiBOAa, nepeAaBaHTe .tamiiae ot 
OAHoro noTOKa k ApyroMy TaK, hto6h hckaiomittb OAHOBpeMeHHyio nonbiTKy AOCTyna 
K AaHHbIM CO CTOpOHbl HeCKOAbKHX nOTOKOB. ECAH 3TO HeB03M0ACH0, HCnOAb3yHTe 
MeTOAbi KAaccoB Volatile h Interlocked, TaK KaK ohii pa6oTaiOT 6biCTpo h He 6aokii- 
pyiOT nOTOKII. K COACaACHIIIO, OHII nOAXOAHT TOAbKO AAH pa6oTbI C npOCTbIMH THnaMH. 
Biipo'te.Yt, Aaace b stom c. : iypae bm moacctc isi,iiio. ii[m i i> /ycTaTO'iiio CAOACHbie 01 icpa 11 , 1111 , 
onucaHHbie b iipe/yPAyiipeii TAaBe. 

/],Be OCHOBHbie lipil'111111,1, no KOTOpbIM npHXOAHTCH 6AOKIipOBaTb noTOKii: 

□ YnpomeHHe moacah nporpaMMHpoBaHHH. BAOKiipya noTOK, bh >iccp'i isycTC pecyp- 

CaMH H npOH3BOAHTeAbHOCTbID, HO IPOAV'PaCTC B03M0ACH0CTb nHCaTb KOA nOCAeAO- 
BaTeAbHO, He ii|)ii6eiaM k MeTOAaM o6paTHoro Bbi30Ba. AcuHxpoHHbie ([pvipk'hii 11 C# 
npeAOCTaBAHiOT ynpomeHHyio MOAeAb nporpaMMiipoBaHiia 6e3 Heo6xoAHMOCTH 
6AOKIipOBaHIIH nOTOKOB. 

□ IIotok HMeeT onpeAeAeHHoe nasHaMCHiie. HeKOTopbie noTOKii picpio pp>;jvpo iop aah 
pemeHHH KOHKpeTHbix 3aAan. JlynuiHii npimep Taxoro poAa — ochobhoh noTOK 
npiiAOAceHim. Be3 6 aokhpobkii oh paHO hah no3AHO BepHeT ynpaBAemie, h npoiiecc 
3aBepniHTCH. /Ipyni.vi npiuvrepoM mii. imctcm noTOK haii noTOKii rpacjuinecKoro iiHTep- 
4>eiica npHAoaceHHH. Windows TpedyeT, HTo 6 bi MaHiinyAJuiHii OKHaMi-i h SAeMeHTaMii 
ynpaBAeHIIH OCymeCTBAHA TOAbKO nOpOAHBIHHH HX nOTOK. Il03T0My nepiIOAHHeCKII 
npuxoAHTCHnucaTb koa, 6./1 o it 11 ]),v 10111 pi ii GUI-noTOK ao aaisepiiieiiiia KaKiix-TO Apy- 
THX Olicpanilii, H TOAbKO nOCAe 310I0 AaHHblii noTOK OOlPOli. lHCT OKHa H 3. : ICMCm'P,[ 
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ynpaBjieHHH. I-kiay.viccTca, 6jiOKiipoBKa GUI-noTOKa iio/usem iiisaci ii|)ii./io>kciihc 

h MernaeT pa6oTe nojib30BaTejiH. 

HTo6bI H 36 e 5 KaTb 6jIOKIipOBKII nOTOKOB, He CTOHT MblCJieHHO CBH 3 bIBaTb HX C KOH- 
KpeTHbiMH onepamiMMH. K npHMepy, He HyacHO C 03 /p,aisaTP> noTOK, npoBepmomiiii opcjxi- 
rpacjjiiio, noTOK, npoBepmomirii rpaMMaTHKy, noTOK, o6pa6aTbiBaK>miiii onpeaejieHHbie 
KJuieHTCKHe 3 anpocbi h t. n. IIoTOMy [ ito r 10/1,061! i>r ii noaxo/i, KaK 6bi noKa 3 biBaeT, hto 
noTOK He MoaceT BbinojiHHTb a,pynix onepaitiiii. O.i, narco noTOKii hbjijhotch cjihuikom 
H, eHHbiM pecypcoM, hto6m oi pami'iiiiiaTi) hx TOJibKO o/pioii onepaitiieii. Hcnojib 3 yHTe 
nyji jsj ih ape 11/1,i)i noTOKOB Ha KopoTKHti nepno/t BpeMeHii. IIotok h 3 nyjia MoaceT HanaTb 
c npoBepKii ()])(}k)i ]);k))h11, 3 aTeM nepeiiTH k npoBepKe rpaMMaTHKH, 3 aTeM ;saiiaTP>ca 06- 
pa6oTKOfi KJIIieHTCKHX 3 anpOCOB HT.n, 

Ecjih ace bm, hccmotph hh Ha hto, pemiiTe 6jiOKiipoBaTb noTOKii, rjw CHHxpoHH3auHH 
noTOKOB H3 pa3Hbix /p,o.vtci to ii hjih npoiteccoB Hcnojib3yHTe Koiic'i pyiaiiin peacHMa a/tpa. 
J\jia aTOMapHoro ynpaBJieHiia cocToamieM nepe3 Ha6op onepaitiiii BaM noTpe6yeTca Kjiacc 
Monitor c 3aKpbiTbiM noaeM 1 . B Ka'iccTise aabTepHaTHBbi MoacHO npn6erHyTb k 6jiokh- 
poBaHiiio Ha 'I'lciiiic-.iaiiiici). B o6meM cjiynae 3 to 6jioKiipoBaHiie pa6oTaeT Mc/pyieinice 
KJiaccaMonitor, ho oho iiobbo-thct 0/1,1 po u])e.\ici 111 o iiciio. iiia i p>ca HecKOJibKHM noTOKaM 
HTeHIIH, 'I P O nOBbimaeT 0611 [ V10 npOH3BO/I,HTejIbHOCTb H MHHIIMII3IipyeT B03M0aCH0CTb 
6/IOKIipOBKII nOTOKOB. 

TaKace ciapaii'ieci) H 36 eraTb peKypctiBHbix 6 ./iokii|)oisok (oco6eHHO 6./ioicnpoiioic 
HTeHHH- 3 araiCH), TaK KaK ohh cepbe 3 HO CHHacaiOT npoii 3 BO/i,HTejibHOCTb. BnponeM, 
Kjiacc Monitor, HecMOTpa Ha cboio peKypciiBHOCTb, noKa 3 biBaeT BbicoKyio npoH 3 BO- 
AHTe/ibHOCTb 2 . KpoMe Toro, CTapaiiTecb He CHiiMaTb 6jiOKiipoBKy b 6.10ice finally, TaK 
KaK BXO/t B 6/IOKII o6pa6oTKH HCKJIIO’ICHUH H BblXO/t H 3 HIIX HeraTHBHO CKa 3 bIBaeTCH Ha 
npoii 3 BO/i,HTejibHOCTH. KpoMe toto, libi/uina iicic. iio'ieiiiia npii H 3 MeHeHiiii coctohhiih 
npiiBOAHT k CHTyanHH, Koiyta /tpyniM noTOKaM npnxo/tuTCH pa6oTaTb c noBpeac/teHHbiMii 
AaHHbiMii, H 3 - 3 a 'icio pe 3 yjibraT pa6oTbi ii|)ii.ioacciiiia c'laiioisiiTCM Henpe/tcKa 3 yeMbiM 
11 B 03 HiiKaK)T 6pemii b cucTeMe 6 e 3 onacHOCTH. 

H, paay.MCC'i'CM, ec/ra Bam ico/p, Bce-TaKii y/tepacHBaeT 6/ioKiipoBKy, oh He /1,0/1 ace 11 
yacpaciiiiaTP) ee cjihiiikom ao.im, TaK KaK b pe 3 yjibTaTe noBbimaeTca BepoaTHOCTb 6./10- 
KiipoBaHiiH noTOKOB. /lanee 6y;tCT noKa 3 aHa TexHiiKa pa6oTbi c K/iaccaMH icojuickipth, 
no 3 BOJiaiomaji H 36 eacaTb /pmTejibHoro ypcpncinsaiPiiM 6/iOKiipoBKii. 

Hy 11, HaKOHeu, jsjm BbmucjiHTejibHbix onepaitiiii MoacHO ncnojib 30 BaTb 3 aaamm (o ko- 
TOpblX MbI rOBOpiIJIII B IVI a I SC 27), HTo6bI o6oiiTHCb 6 e 3 MHOrOHHCJieHHblX K0HCTpyKH,Ilii 
ciiHxpoHii 3 au,iiii. B nacTHOCTH, MHe HpaBHTCH, 'no c KaacAbiM 3 .a/i,ai 1 iie.vi MoacHO CBH 3 aTb 


1 BMecTo Kaacca Monitor moxcho Bocnojn>30BaTi>cH iyTi> 6ojiee Ohctphm KJiaccoM SpinLock. 
Ho npii 3 tom B 03M0*Ha ciiTyaiiriH, Kor/ta pecypcbi npoijeccopa HaiHyT TpaTiiTBCH BnycTyio. H c 
Moeii tohkh 3peHim, Kjiacc SpinLock He HacTOJiBKO npeBOCXo/triT Monitor no CKopocni, hto 6 h 
onpaBaaTi) ero npiiMeHeHHe. 

2 HacTiiiHo 3 to CBH 3aHO c TeM, hto Kjiacc Monitor peajni30BaH Ha MamiiHHOM, a He Ha ynpaB- 
jmeMOM Kojie. 
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OAHO HJIH HCCKOJIbKO ,3pVIT1X 33,3311110, KOTOpblC 03/10 03F03 BbinOJIHHTbCH CpC,3CT03.Y10 
nyjia noTOKOB npn 3aBepineHiin iickoh oncpapiTH. 3 to HaMHoro jiyume, ueM 6/ioKiipoBaTb 
noTOK, oaciwaa 3aBepmeHira oncpaipnT. /(jih onepaunii BBO/ia-BbiBO/ia cjie/tyeT Bbi3biBaTb 
pa3/iiiHHbie MeTop,bi XxxAsync, KOTopbie 3acTaBjunoT Barn ko/i, nponojiacaTb BbinojmeHHe 
noc/ie 3aBepineHiiii onepapHH mso/pi-isbi 110,3a (ana/ior 33,3311110, bbioo/oiHCMbix no 3a- 
BepineHino onepapnii). 


B/iOKupOBKa c abomhom npoeepKOM 

CymecTByeT H3BecTHbifi npneM, Ha3biBaeMbiii 6jiOKupoeKoit c deounou npoeepKou 
(double-check locking). K HeMy npnderaiOT, ec/i 11 oy/i/oo OT/ioacnTb <' 03,331 me o/pioo/ie- 
MeHTHoro odbeKTa ao Tex nop, noica oh He noTpebyeTca npiuioaceHino — iiHorna oto 
H a 3 biBaiOT omjioMenHou UHUu,uajiu3au,ueu (lazy initialization). Be3 3anpoca 06 'beici’ 
HiiKor/i,a He C03,33 Ctcm, hto okohomht BpeMH n na.vurrb. I Ipoo/ie.vibi MoryT B03HiiKHyTb 
npn OAHOBpeMeHHOM 3anpoce oo'beicra HecKOJibKHMH noTOKaMH. L l ro 6 bi b pe3yjibraTe 
y Bac noHBHjica Bcero 0,31111 oobeicr, 00 rpedycTCii npuMcncunc HeKOToporo cnocoda 

CIIHXpOHII3an,HH nOTOKOB. 

3tot npneM H3BecTeH BOBce He o/iaro/pip/i CBoeii obiAOioioeucM HHTepecHOCTH hjih 
no/ie3HOCTH, npocTO o hcm oneHb mhoto nncajin. PaHbme oh uacTO npiiMCHH/iCH npn npo- 
rpaMMHpoBaHHH Ha Java, ho no3ace o6HapyacH/iocb, hto Java He rapaHTiipyeT CTonpopeHT- 
Hoii pa6oTOcnoco6HOCTii pe3yjn>TaTa. /(oKyMCHT c oniicamieM stoh npodjieMbi Haxo/iHTCH 
no aapecy www.cs.umd.edu/~pugh/java/memoryModel/DoubleCheckedLocking.html. 

/(yMaio, Bbi 6 yaeTe pa/ibi y3HaTb, hto djiaronapa Monejm naMjiTH n nocTyny k bo- 
jiaTH/ibHbiM nojiHM (cm. rjiaBy 29) CLR npeicpacHO no/mepsciiBaeT 6 /iOKiipoBaHne 
c ,3000000 npoBepKon. Bot 1 / 0 , 3 , acmooc rpopyiomoii pea/i 0.3330 10 , 3 am 1 oil tcxhhkh 
Ha H3biKe C#: 

internal sealed class Singleton { 

// 06beKT s_lock Tpe6yeTCfl p,nn o6ecneneHnn 6e3onacHOCTM 

// b MHoronoTOHHon epefle. Ha/inMne aToro o6beKTa npeanonaraeT, 

// hto flns co3flaHna oflHoa/ieMeHTHoro o6beKTa TpebyeTcn 60/ibwe 
// pecypcoB, neM p,nn o6beKTa System.Object n hto 3Ta npoueflypa 
// MO*eT BOBce He noHaflo6nTbcn. B npoTMBHOM cnynae npome w 3 <j)tJ)eKTHBHee 
// nonyHMTb oflHoaneMeHTHbiii o6beKT b KOHCTpyKTope K/iacca 
private static readonly Object s_lock = new ObjectQ; 

// 3to none ccbmaeTca Ha oahh o6beKT Singleton 
private static Singleton s_value = null; 

// 3aKpbiTbiM KOHCTpyKTop He flaeT BHeuiHeMy KOfly co3flaBaTb 3K3eMnnfipbi 
private SingletonQ { 

// Koa nHMunann3aL4MM o6beKTa Singleton 

} 


npodonMenue # 
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// OTKpbiTbiM CTaTHHGCKnii MeTOfl, B03BpamaiomM m o6beKT Singleton 
// (co3flaBaa ero npn Heo6xoflkiMOCTn) 
public static Singleton GetSingletonQ { 

// Ec/im o6beKT Singleton yxe co3AaH, B03BpainaeM ero 
if (s_value != null) return s_value; 

Monitor.Enter(s_lock); // Ec/im He co3flaH, no3BO/iaeM oflHOMy 
// noTOKy cfle/iaTb 3 to 

if (s_value == null) { 

// Ec/im o6beKTa Bee eme HeT, co3flaeM ero 
Singleton temp = new SingletonQ; 

// CoxpaHseM ccbi/iKy b nepeMeHHOM s_value (cm. o6cy>KfleHMe fla/iee) 

Volatile.Write(ref s_value, temp); 

} 

Monitor.Exit(s_lock); 

// Bo3BpamaeM ccbmxy Ha o6bexT Singleton 
return s_value; 

} 

} 

npmmrai 6jiOKiipoBKH c abohhoh npoBepKoii coctoiit b tom, hto npn Bbi 30 Be MeTona 
GetSingleton 6biCTpo npoBepneTcn none s_value, tto6m BbiMciiHTb, co. 3 /i,aii jih 06b- 
eKT. IIpii nonoacHTenbHOM pe 3 yjibTaTe npoBepKii mcto/i, iso.iispamaeT ccbuiKy Ha oo'bdcr. 
B pe 3 ynbTaTe oma/tacT Heo6xoa,tiMOCTb b ciinxponii 3 annH noTOKOB, h npiuiosceHiie 
pa6oTaeT oneHb 6biCTpo. OflHaKO ec/m noTOK, Bbi 3 BaBnmfi mcto/i GetSingleton, He 
o6iiapy>KHbacT o6beKTa, oh npn6eraeT k o/ioKiipoiiami 10 b paMKax CHHxpoHii 3 aH,ini 
noTOKOB, rapaHTiipya, tio co.'s/i/iiiiicm o6'P>CKTa ovact aaiiii.MaTbca tojibko 0/1,1111 noTOK. 
To ecTb cim'/icemic iipoii.aisonm e.ibiiocm i ia6.ilonacica tojibko noc/ie nepBoro 3anpoca 
k o/u lO.o/ie.vTCi lip [o.viy o6beKTy. 

Tenepb a o6bacmo, iiomcmv stot naTTepH He pa6oTaeT b Java. B na/ia/ic mcto/ki 
GetSingleton BiipTyajibHaa MamiiHaJava cniiTbiBaeT 3 HaneHiie no/ia s_value b penicTp 
npon,eccopa h npn isbiiio. iiieiiini BTopoti HHCTpyKiitni if oipamiaiibaeTca 3 anpocoM 
k 3TOMy peniCTpy. B htotc pe3yjibTaTOM naiiiioii npoBepKii Bcerna aii/iac'ica aiiaaeimc 
true, a sto oana'iaer, tio b coa/iai 11111 o6beKTa Singleton npiiHiiMaiOT ytacnic Bee no- 

TOKII. PaayMCCTOI, 3TO B03M0ACH0 TOJibKO npH yCJIOBIIH, TIO BCe nOTOKII BbI3BajIH MCTO/I, 

GetSingleton o/iHOBpeMeHHO, aem b 6ojibmiiHCTBe c/iynaeB He npoiicxoAHT. Hmchho 
1 lo.STO.viy omn6Ka CTO/ibKo BpeMeHii ocTaBa/iacb iiepaciioaiiamioii. 

B CLR Bbi 30 B jho6oto mcto/i/i o.aoicu[/onan111 ai oana/iacT ycTaHOBKy HenpeonojuiMoro 
6apbepa HanocTyn k iia.MHTu: bch 3 anncb b nepeMeHHbienojiacHaaaisepmiiTbca no stoto 
6apbepa, a jno6oe Tiemie nepeMeHHbix mo/kct naaaTbca tojibko noc/ie 6apbepa. /Jjih 
Mcrona GetSingleton sto oana/iacT, tio noBTopHoe Tronic ii 0./1 a s_value .to.t/ktio 
6biTb 1 i])on;ii5C/ECiio noc/ie Bbi 30 Ba MCTO/ta Monitor. Enter; b npon,ecce Bbi 30 Ba mcto/pi 
; j 1 iai' ioi i nc 110.1a 1 ie. i i/sa coxpaHHTb b peniCTpe. 

BHyTpn MeTonaGetSingleton Bbi3biBaeTCH mctoh Volatile .Write. IIpennojioacHM, 
hto BTopaa HHCTpyKiiiiH if conepacHT c/ienyiomyio CTpoKy Kona: 
s_value = new SingletonQ; // B Mnea/ie xoTe/iocb 6bi Mcno/ib30BaTb 3Ty KOMaHfly 
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Moxho oacH/i,aTb, hto KOMmiAHTop C03AacT koa, BbiAejiHiomiiH naMHTb noA o6beKT 
Singleton, Bbi30BeT KOHCTpyKTop aah iiHimnajiH3aLi,HH noaeii AaHHoro o6beKTa h npn- 
cboi-it ccbijiKy Ha Hero nojno s_value, hto 6 h oto 3HaneHiie vrmAcnrr Apyrne noTOKii — oto 
H a3biBaeTCH ny6jiUKau,ueu (publishing). Oahako KOMniiAHTop MoaceT BbiACAHTb naMHTb 
110/1 , oo'PjCKt Singleton, iia.iiianin b ccbuiKy nepeMeHHoii s_value (isi.ino. imns ny6/m- 
Kan,iiio) h TO/ibKO nocjie oxoro Bbi3BaTb KOHCTpyKTop. Ecjih b npon,eAype ynacxByex 
Bcero o/uiii noTOK, 110/1,061 ioe H3MeHeHiie O'lepc/nioc'i n onepaunii He iimcci' .onanemui. 
Ho hto npori30HAeT, ec/iH noc/ie nybnrHcaurrH ccbi/iKH b none s_value, ho ao Bbi30Ba 
KOHCTpyKTopa Apyroii noTOK Bbi30BeT mctoa GetSingleton? 3 tot noTOK o6HapyacHT, hto 
, 3i lane 1 htc no/ia s_value otaiihho ot null h HanHeT noAb30BaTbCH obneKTOM Singleton, 
xoth ero KOHCTpyKTop eme we aaicoiixriA pa 6 oiy! 110/1,061 mo om 11 6 icy KpaiiHe c/io/kxio 
OT caeAHTb, ocobeHHO ii3-3a Toro, 'no is pc mm ee iiomis/ktihm cav laxiiio. 

3Ty npobaeMy pernaeT bh30b mctoah Interlocked. Exchange. Oh rapamripyeT, hto 
ccbiAKa H3 nepeMeHHoii temp 6yAeT onybmiKOBaHa b none s_value TOAbKO nocne Toro, 
KaK KOHCTpyKTop 3aBepuiHT cboio paboTy. AabTepHaTHBHbiM cnocoboM pemeHHH npo- 
6/1 cm 1)1 hh.tmctcm noMeTKa iio.tm s_value i/. iio'ichi.im caobom volatile. 3 anucb b TaKoe 
BOAaTHAbHoe (iieycToii'miioe) noAe s_value B03MoacHa TOAbKO nocAe 3aBepmeHim 
KOHCTpyKTopa. K coacaAeraiio, to ace caMoe othochtch ko bccm npon,eAypaM htchha bo- 
AaTHAbHoro iio.tm, a TaK KaK inucaKorr hco6xoahmocth b atom hct, ispa/i, ah ctoht hath 
Ha CHHACeHHe npOH3BOAHTeAbHOCTH 6e3 nOAHOii yBepeHHOCTH B nOAe3HOCTH oxoro. 

B uanaAC oxoro pa3AeAa h Ha3BaA bAOKiipoBKy c abohhoh npoBepKoii hc oco 6 o iiHTe- 
pecHoii. C Moeii tohkii ope mi a, paopaoox'micri ncnoAb3yioT oto pememie ropa3AO name, 
neM CACAOBaAO 6bi. B 6oAbmiiHCTBe CAynaeB oho TOAbKO cim/icaex npoii3BOAHTeAbHOCTb. 
Bot ropa3AO 6oAee npocTaa Bepciia KAacca Singleton c aHaAoninHbiM npeAbiAymeii 
BepcHH noBeAeHiieM, ho 6e3 bAOKiipoBaHiia c abohhoh npoBepKoii: 

internal sealed class Singleton { 

private static Singleton s_value = new SingletonQ; 

// 3ai<pbiTbin KOHCTpyKTop He aaeT KOfly BHe AanHoro K/iacca 
// co3AaBaTb 3K3eMn/inpbi 
private Singleton() { 

// Koa nHnpnann3aMnn o6beKTa Singleton 

} 

// OTKpbiTbin CTaTHnecKHH MeTOflj B03BpaupaK]iipn h o6beKT Singleton 
// (h co3AaHDmnii erOj ec/in sto HywHo) 

public static Singleton GetSingletonQ { return s_value; } 

} 

TaK KaK CLR aBTOMaTimecKii BH3biBaeT KOHCTpyKTop KAacca npn nepBoii no- 
nbiTKe noAynHTb AOCTyn k nAeHy OToro KAacca, npn nepBOM 3anpoce noTOKa k MeTOAy 
GetSingleton KAacca Singleton aBTOMaTHnecKii coo/pictcti oicseMiiA/ip obbeKTa. BoAee 
Toro, cpeAa CLR rapaHTHpyeT 6e3onacHOCTb b OTHomeHim noTOKOB npn Bbi30Be koh- 
CTpyKTopa KAacca. Bee oto voice oobacmi.iocn b rAaBe 8. HeAOCTaTKOM TaKoro noAXOAa 
HBAHeTCH Bbi30B KOHCTpyKTopa Tima npn nepBOM AOCTyne k .tiooomv nAeHy KAacca. 
To ecTb ecAH b THne Singleton onpeAeAHTb Apyrne CTaTHnecKiie nAeHbi, iiepnaM ace 
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nonbiTKa AOCTyna k jiio6oMy H3 hhx npniiCACT k noim.iemno o6beKTa Singleton. He- 
KOTopbie pa3pa6oTn;iiKii o6xoaht Aamiyio npo6jieMy npn noMomu BJioaceHHbix KJiaccoB. 
PaccMOTpi-iM TpeTHH cnoco6 co.3AannjT o,i,iiiio'ii[()i'o o6beKTa Singleton: 

internal sealed class Singleton { 

private static Singleton s_value = null; 

// 3aKpbiTbm KOHCTpyKTop He flaeT KOfly BHe aaHHoro 
// K/iacca co3flaBaTb 3K3eMn/ifipbi 
private Singleton() { 

// Koa MHnunann3aL(nn o6beKTa Singleton 

} 

// OTKpbiTbiM CTaTnnecKHii MeTOfl, B03Bpamaiomnii o6beKT Singleton 
// (n co3flaH)mnPi ero, ec/in 3 to hjokho) 
public static Singleton GetSingleton() { 
if (s_value != null) return s_value; 

// Co3flaHne hoboto o6beKTa Singleton w npeBpaiyeHne ero b xopeHb, 

// ecnn btoto eme He cae/ian apyroPi nOTOK 
Singleton temp = new SingletonQ; 

Interlocked.CompareExchange(ref s_value, temp, null); 

// npn noTepe stoto noTOxa BTopoPi o6bexT Singleton 

// yTH/in3npyeTCfl c6opmnxOM Mycopa 

return s_value; // Bo3BpameHne ccbmxw Ha o6bexT 

} 


npn o,iiioi:pe.\ieimoM Bbi30Be mcto/i,;i GetSingleton pa.s.Tn■ 111 p>im n noTOKaMii b otoh 
B epcini Kona MoaceT noaBiiTbca nea (h 6 oiiee) o 6 beKTa Singleton. OflHaico mctoa 
I nterlocked .CompareExchange rapaHTiipyeT ny 6 jiiiKan,iiio b none s_value TOJibKO 
OflHOH CCblJIKH. JI 1060 H o 6 beKT, He npeBpaiU,eHHbIH 3THM IIO.'ICM B KOpHeBOli, 6v;ict 
yTHjiH3HpoBaH npn nepBOH ace c 6 opKe Mycopa. Bnpo'ic.w, b oa/ii.mmiCTiic npnaoace- 
hhh npaKTHHecKii HiiKorna He B03HHKaeT CHTyau,HH o/uioiipc.viemiom Bbi30Ba MeTOna 
GetSingleton pa3HbiMii noTOKaMii, noaTOMy TaM BpuA an Kora,a-Hii 6 yab noHBiiTca 
6 oaee oahoto o 6 beKTa Singleton. 

B03M0aCH0, Bac 6eCnOKOHT B03M0aCH0CTb C03AaHHH MHOaCeCTBeHHbIX o6beKTOB 
Singleton, ho aaHHbifi koa HMeeT Maccy aoctoiihctb. Bo-nepBbix, oh oneHb 6biCTpo pa- 
6oTaeT. Bo-btophx, b hcm mncor/i,a He 6./iOKiipyiOTCH noTOKii. Beab KOiyia nOTOK H3 i iy. : ia 
6aoKiipyeTca Ha o6beKTe Monitor wm Ha jno6oii Apyroii KOHCTpyKiiini ciiHxpoHii3aiiini 
noTOKOB peacHMa HApa, nya nopoacAaeT eme oahh nOTOK, hto6h 3arpy3HTb npoiieccop. 
BpiIacjimctcm h HHiiLi,iiajHi3iipyeTCJi AonoAHiiTeabHaH naMHTb, a Bee 6ii6. : moTeicii iio./iy- 
aaiOT yBeAOMaeHiie o npHCoeAimeHiiii HOBoro noTOKa. C mctoaom CompareExchange 
TaKoro HiiKorAa He nponcxoAHT. Paay.viccTca, AaHHyio TexHiiKy moacho hci ro. rr,;ion;i [ p> 
TOAbKO npn OTCyTCTBIill no6oHHbIX acjicjieKTOB y KOHCTpyKTOpa. 

B FCL cymecTByeT Asa Tima, peajni3yiomHe omicaHHbie b ashhom pa3Aeae ma 6 aoHbi 
nporpaMMiipoBaHHH. Bot KaK oooomemn.iii iciacc System. Lazy (HeKOTopbie 

MeTOAbi He noKa3aHbi): 
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public class Lazy<T> { 

public Lazy(Func<T> valueFactory, LazyThreadSafetyMode mode); 
public Boolean IsValueCreated { get; } 
public T Value { get; } 

} 

A bot KaK oh pa6oTaeT: 
public static void Main() { 

// Co3flaHue o6oaohkm OTAOxeHHoii MHuuua/in3auMM aah no/iyMeHu« DateTime 
Lazy<String> s = new Lazy<String>( 

() => DateTime.Now.ToLongTimeStringQ, 

LazyThreadSafetyMode.PublicationOnly); 


Console.WriteLine(s.IsValueCreated); 

Console.WriteLine(s.Value); 

Console.WriteLine(s.IsValueCreated); 

Thread.Sleep(10000); 

Console.WriteLine(s.Value); 

} 


// Bo3BpamaeTCfl false, TaK KaK 
// 3anpoca k Value eme He 6bmo 
// Bbi3biBaeTCH 3 tot AeneraT 
// Bo3BpamaeTCfl true, TaK KaK 
// 6bm 3anpoc k Value 
// >KfleM 10 ceKyHfl h CHOBa 
// BbIBOflUM BpeMH 

// Tenepb AeneraT HE BbBbiBaeTca, 
// pe3y^bTaT npexHinu 


I Ioc.tc 3anycKa /uumom Ko/pi a nojiyanji: 

False 

2:40:42 PM 
True 

2:40:42 PM (5 06paTHTe BHHMaHue, 10 ceKyHfl npowno, a BpeMfl ocTanocb npexHMM 


Koa CKOHCTpyapoBaji 3K3eMnjiap KJiacca Lazy h nepenaii eMy o/pih 113 cjiJiaroB 
LazyThreadSafetyMode. Bot KaK bbitjuiaht h tio os.iiauaioT .taimijie cfuiani: 

public enum LazyThreadSafetyMode { 

None, // 5e3onacHOCTb b OTHOiueHHu noTOKOB He 

// noAflepxMBaeTCH (xopomo Ann GUI-npnyioxeHnii) 
ExecutionAndPublication, // Mcnonb3yeTcn 6noKnpoBKa c abomhom npoBepKoii 
PublicationOnly, // Mcnonb3yeTcn mctoa Interlocked.CompareExchange 

} 

B HCKOTopbix cmyamiax c orpami'iemi hmh no na.MMTii OTcyTCTByeT iico6xo/i,iimoctP) 
b co3AaHHH 3K3eMnjiapa KJiacca Lazy. B mccto 3toto moacho BOcnojib30BaTbca CTaniMC- 
ckitmit MeTOAaMH KJiacca System. Threading. Lazylnitializer. Bot KaK oh BbirjiHAHT: 

public static class Lazylnitializer { 

// 3tm Aea MeTOAa ncnonb3yK)T Interlocked.CompareExchange 

public static T EnsureInitialized<T>(ref T target) where T: class; 

public static T EnsureInitialized<T>( 

ref T target, Func<T> valueFactory) where T: class; 


// 3th Aea MeTOAa nepeAaiOT syncLock b MeTOAbi Enter m Exit Knacca Monitor 
public static T EnsureInitialized<T>( 


npodojiMemie & 
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ref T target, ref Boolean initialized, ref Object syncLock); 
public static T EnsureInitialized<T>(ref T target, 

ref Boolean initialized, ref Object syncLock, Func<T> valueFactory); 

} 


Bo3MoacHOCTb hbho yKa3aTb 06'bCKT CHHxpoHii3au,HH b napaMeTpe syncLock mcto/ui 
E nsurelnitialized no3BOJiaeT oahoh 6jioKiipoBKoii .aaimiTiTTb cpa3y HecKOJibKO nojieii 
H (jlVUK'HIlii HHHIlHajIH3ailHH. 

I Ipii.viep Hcnojib30BaHiia mcto/ui H3 AaHHoro Kiiacca: 

public static void Main() { 

String name = null; 

// Tax KaK mma paBHO null, 3anyCKaeTCA ae/ieraT n nHHL(nann3npyeT none mvpeHin 
Lazylnitializer.Ensurelnitialized(ref name, () => "Jeffrey"); 

Console.WriteLine(name); // BbiBO/jnTcn "Jeffrey" 

// Tax KaK umb otahhho ot null, AeneraT He 3anycKaeTC« n hma He MeHAeTca 
Lazylnitializer.Ensurelnitialized(ref name, () => "Richter"); 

Console.WriteLine(name); // CHOBa bsiboahtca "Jeffrey" 

} 


nairepH ycjiOBHcm nepeMeHHoft 

npennOJIOJKHM, HTO HeKHH nOTOK BbinOJIHHeT KOA npn Co6jIIOAeHIIII CJIOACHOrO yCJIOBIIH. 
Mojkho npocTO oprami30BaTb 3an;HKJiHBaHHe 3Toro noTOKa c nepnoAHnecKoii npoBepKoii 
ycjiOBiia. O.iiiaKO, BO-nepBbix, 3 to nycTaa TpaTa npoiieccopHoro BpeMemi, BO-BTopbix, 
H6B03M05KH0 aTOMapHO ll|)OI!(j)l1TI) HCCKOJIbKO I ICpCMCI 1 1 1 P)IX, liXOAMIUItX B VCLIOHIIC. K 013 - 
CTbio, cymecTByeT madiiOH nporpaMMiipoBaHira, no3BOJunomHH noTOKaM acjjcJjeKTHBHO 
CHHxpoHii3iipoBaTb cboh onepapH ii Ha ocHOBe cuoacHoro ycjiOBHH. Oh na.'iiiPisacTca 
nammepnoM yaioenou nepeMeunou (condition variable pattern), a aim ero npriMeHeHim 
moacho Bocnojib30BaTbcn cjieAyiomHMH MeTOAaMH KJiacca Monitor: 

public static class Monitor { 

public static Boolean Wait(Object obj); 

public static Boolean Wait(Object obj, Int32 millisecondsTimeout); 

public static void Pulse(Object obj); 
public static void PulseAll(Object obj); 

} 


Bot KaK BbirjiHAHT AaHHbiii naTTepH: 

internal sealed class ConditionVariablePattern { 
private readonly Object m_lock = new ObjectQ; 
private Boolean m_condition = false; 

public void ThreadlQ { 

Monitor.Enter(m_lock); // B3anMOncKniOHapomafl 6noKnpoBKa 
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// "ATOMapHaa" npoBepKa caowhoto yc/iOBna 6noKnpoBaHMfl 
while (!m_condition) { 

// Ecam ycAOBne He co6aK)flaeTca , >KfleMj hto ero noMeHaeT flpyroii noTOK 
Monitor.Wait(m_lock); // Ha BpeMfl CHinMaeM 6AOKMpoBKy., 

// HTo6bi Apyroii nOTOK mot ee nOAyaMTb 


} 


// yc/ioBine co6/noAeHOj 06pa6aTbiBaeM flaHHbie... 

Monitor.Exit(m_lock); // CHATine 6 /iokmpobkm 

} 

public void Thread2() { 

Monitor.Enter(m_lock); // B3aMMOMCK/iiOHaH)maa 6noKMpoBKa 


// 06pa6aTbiBaeM AaHHbie in M3MeHaeM ycAOBne... 
m_condition = true; 


// Monitor.Pulse(m_lock); // By^iuM oahoto oxHAaiomero noc/lE OTMeHbi 6 aokmpobkm 
M onitor. PulseAll(m_lock); // ByAHM Bcex OKMAamiikix noc/lE OTMeHbi 6 aokmpobkm 

Monitor.Exit(m_lock); // CHHTHe 6 aokmpobkh 

} 

} 

B 3tom Kone noTOK, m.mo. iiiMlomiiii mctoa Threadl, bxoaht b koa B3aiiMOHCKAio- 
aaiomeii 6 aokiipobkii h ocvihcctk/imct npoBepKy yc./ioisii h. B /i/iiiiiom CAynae a Bcero 
jiranb npoBepaio .anaaenHC nojia Boolean, ho ycAOBne MoaceT 6biTb croak yroAHO 
cjioacHbiM. K npiiMepy, moacho B3HTb Teicymyio .ta'i'v h yAOCTOBepiiTbca, hto ceftnac 

BTOpHIIK H MapT, a 330/1,11() npOBCpiITb, HTO KO/I/ICK'HIIH COCTOHT H3 10 OACMCIITOli. ECAH 

yc/iOBiie He go6a lo/iacrc/i, noTOK He ;san,n K. iiiBac i ca Ha npoBepKe, TaK KaK sto 6buio 6bi 
HanpacHofi TpaToft npoiieccopHoro BpeMeHii, a Bbi3biBaeT mcto/i, Walt, /[amibiii mcto/i 
CHHMaeT 6/ioKiipoBKy, HTo6bi ee mot no/iyim b /ipyroii noTOK, h npnocTaHaB/iiiBaeT 
BbI3bIBaiOmHH nOTOK. 

Mctoa Thread2 coAepaoiT koa, Bbino/iHaeMbiii btophm noTOKOM. Oh Bbi3biBaeT mctoa 
Enter aah 6jiokhpobkh, o6pa6aTbmaeT KaKiie-TO AaHHbie, mchhh irpw stom cocTOHHiie 
ycjiOBHH, nocjie aero Bbi3biBaeT mctoa Pulse(All), paao/ioi/iipyiomiiii noTOK iioc/ic 
B bi30Ba mcto/pi Wait. Mcto/i, Pulse paao/ioi/iipycT noTOK, o/kh/uuoihhh /lo.i r>r iic Bcex 
(eCJIH TaKHC HMCIOTCTl), B TO ll|)CMM KaK MCTO/I, PulseAll pa/SOAOI/lipyCT BCC 0/1/11/1,310111110 
noTOKii (ec/iH TaKHe ecTb). O/uiai/o hii 0 / 1,1111 H3 sthx noTOKOB noKa He npocbinaeTca. 
ITotok, bbiiio/ma ioihh ii mcto/i, Thread2, ao/i/kcii Bbi3BaTb mcto/i, Monitor. Exit, /uiiia/i 
rnaHC ApyroMy noTOKy BbinoAHHTb 6AOKiipoBKy. KpoMe toto, b pe3yAbTaTe BbinoAHCHira 
MeTOAa PulseAll noTOKH pa36AOKiipyiOTCH He OAHOBpeMeHHO. IIocAe ocBo6oa/AeHHH 
noTOKa, Bbi3BaBHiero mctoa Wait, oh CTaHOBHTca BAAAeAbiieM 6 aokiipobkii, a TaK KaK 
3T0 B3aHMOIICKJIIOHaiOHi:ee 6AOKIipOBaHIie, B Ka/KAblH MOMeHT BpeMeHii HM MO/KeT BAa- 
AeTb TOAbKO OAHH nOTOK. /[pyiTIC nOTOKII HMCIOT HiaHC nOAyHHTb npaBO Ha 6/IOI/H|)()m/y 
TOAbKO nOCAe TOTO, KaK TOKVinHii BABACAeiJ BbI30BeT MCTOA Walt HAH Exit. 
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IIpocHyBmHCb, noTOK, m.mo. iiiMiomnii mcto/i, Threadl, CHOBa npoBepaeT ycjiOBHe 
b uiiKJie. Ecjih oho Bee eipe He co6jno,a,eHO, oh onHTb Bbi3biBaeT MeTOA Wait. B npoTHBHOM 
ciiyaae oh o6pa6aTbiBaeT /uuiiibic h, b KOHu,e k'oiihob, Bbi3biBaeT mctoa Exit, cmiMaa 
6jiOKiipoBKy h AaBaa AOCTyn /ipvn-TM noTOKaM B03M05KH0CTb nojiyaiiTb ee. Tararn o6pa30M 
AaHHbiH naTTepH ipo3iso.thct npoBepiiTb HecKOJibKO (jpop.viiipvioippiix cjioacHoe ycjiOBHe 
nepeMCHHbix npii noMomu npocTOii jioniKii CHHxpoHH3aumi (Bcero oahoii 6jioKiipoBKii), 
a HecKOJibKO 0>KH7iai0III,HX nOTOKOB MOryT pa36jIOKIipOBaTbCH 6e3 HapymeHIIH KaKOH- 
,/i 1160 jiorHKH, xoth npii 3tom B03MoacHa HanpacHaa TpaTa npoiieccopHoro ispe.viemi. 

11n>ice ii|)iiii(yi,cii npHMep 6e3onacHoii b OTHomeHim noTOKOB oaepeAH, Korapaa 3a- 
CTaBJiaeT HCCKOJIbKO nOTOKOB BCTpaHBaTb 3. : ICMCirn>l B 0'PCpC/l,P> H yAajIHTb hx. 06paTHTe 
BHiiMaHiie, 'no noTOKii, iii.naioiiiiieca y/i,a- r p h p f> .ojic.ypcht h3 0'icpc/i,n, 6. : ioiaipyiOTca /p,o 
MOMeHTa, noKa one.vie in He CTaHOBiiTca AocryiiHbiM /p,./p^i o6pa6oTKii. 

internal sealed class SynchronizedQueue<T> { 
private readonly Object m_lock = new Object(); 
private readonly Queue<T> m_queue = new Queue<T>Q; 

public void Enqueue(T item) { 

Monitor.Enter(m_lock); 

// noc/ie nocTaHOBKn 3/ieMeHTa b onepeflb npo6y)KflaeM 
// OflHH/Bce o>KHflaioinne nOTOKM 
m_queue.Enqueue(item); 

Monitor.PulseAll(m_lock); 

Monitor.Exit(m_lock); 

} 

public T DequeueQ { 

Monitor.Enter(m_lock); 

// Bbino/iHfleM uhk n, noxa onepeflb He onyCTeeT (ycnoBne) 
while (m_queue.Count == 0) 

Monitor.Wait(m_queue); 

// Yfla/ineM a/ieMeHT m 3 onepeflH n B03BpaupaeM ero Ha o6pa6oTKy 
T item = m_queue.DequeueQ; 

Monitor.Exit(m_lock); 
return item; 

} 

} 


ACMHXpOHHaa CHHXpOHH3aUHfl 

MHe He CIIJIbHO HpaBHTCH BCe 3TH Ix'OIPCTpy 1311111 CIIHXpOHII3aH,ini nOTOKOB, HCnOJIb3yiO- 
111110 npHMHTHBbl B pOKH.VIC HA pa. Be/P,P> OHII HyHCHbl UAH 6./I O PC PI ])() Hill PIP XI nOTOKOB, B TO 
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BpeMH KaK C037iaiiHC noTOKa ooxoahtch dihiiikom Aoporo, mto6i>i noTOM oh He padoTaji. 
J\jik HarjiH/i,HOCTH paccMOTpHM npuMep. 

I Ipc/iCTaisbTC Be6-caHT, k KOTopoMy KjmeHTbi oopaiuaiOTCs-i c 3anpocaMii. IIocTy- 
nHBHiHH 3anpoc iiani-macT odpadaTbreaTbCH noTOKOM H3 nyjia. 1 IycTb k.iiiciit xomct 
6e3onacHbiM b OTHOineHiiii noTOKOB cnocodoM H3MeHHTb ,iaiii[p>ie Ha cepBepe, noo'i'o.viy 
oh nojiytacT djioKiipoBKy Ha 'neime-aaiiHCb aah aaimcH. I Ipeytciaisii m, tpo 6jioKiipoBa- 
Hue /yiHTCH /[.o. ppo. 3a sto BpeMH ycneBaeT npHHTH eme o/pnii kjih6htckhh 3anpoc, aah 
KOT oporo nyji coaAacT hobwh noTOK, iiijnaioiniiiicH nojiyHHTb 6jioKiipoBKy Ha 'i ieiiiie- 
aaiiuci, /l./ps-p 'itcipiim. 3anpocbi npoAOAHcaiOT nocTynaTb, nyji coaAacTAonoAHHTeAbHbie 
noTOKii, h Bee oa pi noTOKii 6.K)Kiipyio'ica. Bee CBoe BpeMH cepBep 3aHiiMaeTCH co3/i,a- 
HiieM noTOKOB h He mo/kct ocTaHOBiiTbCH! TaKoft cepBep liooomc He mo>kct nop.waHiapo 
MaCHITafinpOBaTbCH. 

Bee CTaHOBIITCH TOJIbKO XyXC, KOIAA nOTOK 3aniICII CHHMaeT 6jIOKIipOBKy, H OflHOBpe- 
mchho 3anycKaiOTCH bcc 3a6jioKiipoBaHHbie noTOKii arcuiis-i. B pe3yjibraTe OTHOCiiTejibHO 
i pc6o. i i)ii pomv li'o./iii'pcc'i isy npoH,eccopoB iiy>Kiio KaK-TO o6pa6oTaTb Bee oto Miio/iccci iio 
noTOKOB. Windows nonaAaeT b CHTyaii,iiio nocTOHHHoro p pcpcoc. i io'ici in m KOHTeKCTa. 
B pe3ynbTaTe Becb odbeM padoTbi is i>i ip o pipxpc pcop He TaK dbicTpo, KaK Mor 6bi. 

MHonie ii3 npo6jieM, pemaeMbie npii noMomii omicaHHbix b 3toh raaBe KOHCTpyKUHH, 
HaMHoro ycneuiHee pemaiOTCH cpc/i,c'i isa.viii KJiacca Task, paccMOTpeHHoro b iviaise 27. 
K npHMepy, B03bMeM KJiacc Barrier: aah padoTbi Ha KaacAOM 3Tane mohcho 6biAO 6bi 
C03/i,aTb rpynny 3a/i,aiin ii (odbeKTOB Task), a nocjie hx 3aBepmeHiiH nirno He MernaeT 
HaM npo/i,oji5KHTb padoTy c /p,opi().i 11 iiatxpp>ip i,i\tpi o6'i>ci(Ta.\ni Task. TaKoii noAXOA HMeeT 
I P.C./P P)l ii pHA P l] )Cll .Viy 11 U'C P IS B CpaBHeHIIII C KOHCTpyKH,HHMH, OnilCaHHbIMH B 3TOH I'. ia ise: 

□ 3aAaHHH TpedyiOT MeHbme naMHTH, neM noTOKii, KpoMe Toro, ohii HaMHoro dbiCTpee 
C03Aai0TCH H yilllTIO'/KaiO'ICM. 

□ I Iva noTOKOB amoMa'i H'iecKii pacnpeACAHeT aaAaiiiia cpcAii /[.ocay i p i p ia x npoH,ecco- 

poB. 

□ IIo Mepe Toro KaK KascAoe 3»a;i,a i i ne 3aBepmaeT cboh 3Tan, is i>p i po. i i p xi is m pi ii ero noTOK 
B03BpamaeTCH b nyji, iyi,c moacct 3aHHTbCH /tpyi ciii paooxo ii, ecA n TaKOBaH HMeeTCH. 

□ nyji noTOKOB isit;i,ii'i Bee 3a/i,aiiiiM cpa3y h no.a'po.viy mo/icct jiynuie njiaHiipoBaTb hx 
isiiPiio. iiieiine, coKpamaH koahhcgtbo noTOKOB b npoii,ecce, a ;si p;iopi p, h ixo. ppi oecp iso 
ipcpeii. iio'ieiinii KOHTeKCTa. 

BjiOKiipoBKii nonyjiHpHH, ho npii y;icp>Kaiiii n b tcpciihc AOAroro BpeMemi ohii 
co.3/i,aiOT cepbe3Hbie npodjieMbi c m ac i i n a6 pi p o is a i p i i e m. Bbuio 6bi oaein. nojie3HO imeTb 

aCHHXpOHHbie KOHCTpyKH,HH CIIHXpOHH3ail,IIII, B KOTOpbIX BaiH KOA COOO11 UP CT O TOM, TPO 

oh xo'ict iio.;iy'Piri p> 6./ioiai|)om<y. Ecah ppojpv'iP iiii ee He yAajiocb, oh npocTO B03BpamaeT 
ynpaBAeHiie aah isiai po. pipciiiixi .apyi'oii padoTbi (ismccto 6,/ioicpt])o isriip pixp Ha HeonpeAe- 
AeHHoe BpeMH). 3aTeM, KorAa 6. : ioiaipoiii«i CTaHeT ytocay i p i po ii, isi.iiio.iiieiine koah bo 3- 
o6HOBAHeTCH, h oh MOHceT noAyHHTb AOCTyn k pecypcy, 3amnmeHHOMy 6 aokhpobkoh. 3Ta 
hach noHBHAacb y MeHH b npoii,ecce pemeHiin cepbe3Hbix npodneM MaeuiTadiipyeMOCTH 
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y o/iHoro ii3 Hainux kaiichtob. 3aTeM a npoAaji naTCHTHbie npaBa Microsoft. B 2009 roay 
IlaTeHTHoe ynpaBjieHiie BbiAajio naTeHT HOMep 7 603 502. 

Kjiacc SemaphoreSlim peanH3yeT 3Ty HAeio b cbocm MeTOAe WaitAsync. CuraaTypa 
caMoii cjioacHoft neperpyaceHHoft Bepcnii 3Toro MeTOAa BbirjiHAHT TaK: 

public Task<Boolean> WaitAsync(Int32 millisecondsTimeout, 

CancellationToken cancellationToken); 

C Heft Bbl MO/KCTC CIIHXpOHII3IipOBaTb AOCTyn K pecypcy B aCTIHXpOHHOM pOICHMC 
(to eCTb 6e.3 6jIOKIipOBaHIIH Kak'HX-.'IHOO nOTOKOB). 

private static async Task 

Access ResourceViaAsyncSynchronizat ion (SemaphoreSlim a sync Lock) { 

// TODO: Pa3MecTHTe 3flecb aio6om koa Ha Baiue ycMOTpeHMe... 

await asyncLock.WaitAsyncQ; // 3anpoc MOHononbHoro AOCTyna k pecypcy. 

// KorAa ynpaBneHHe nonaAaeT b 3Ty TOHKy, Mbi 3HaeM, hto HuiKaKoii Apyroii 
// noTOK He o6pamaeTCH k pecypcy. 

// TODO: Pa6oTa c pecypcoM (b MOHononbHOM pexnMe)... 

// 3aBepuinB pa6oTy c pecypcoM, CHutMaeM 6noKnpoBKy., HTo6bi pecypc 

// CTan AOCTynHbiM aah ApyrHX noTOKOB. 

asyncLock.ReleaseQ; 

// TODO: Pa3MecTHTe 3Aecb ah)6om koa na Baiue ycMOTpeHMe... 

} 

Mctoa WaitAsync Kjiacca SemaphoreSlim Hpe3BbinaftHO noxe3eH, ho, kohchho, oh 
peaimaycT ceMaHTHKy ce.\ui(})opa. 06 mhho o6beKT SemaphoreSlim co.axacTca co chct- 
hiikom 1, hto o6ecneHHBaeT B3aHMOiicKJiiOHaioriTiift AOCTyn k 3amnmaeMOMy pecypcy. 
TaKiiM o6pa30M, peaAimyeMoe iim:c,Teiine cxo/liio c TeM, KOTopoe xocmracTOi npn 
Hcnojib30BaHiiii Monitor — He CHiiTaa Toro, hto SemaphoreSlim He npenocTaBjisieT 
ceMaHTHKH peKypcini h BjiaAcmiM noTOKaMH (mipo'te.vt, sto xoporno). 

A hto /ic.Tai b c ceMaHTHKoft HTeHHH / 3anncH? B .NET Framework bxoaht Kxacc 
ConcurrentExclusiveSchedulerPair, KOTopbift BbirjiHAHT npimepHO Tax: 

public class ConcurrentExclusiveSchedulerPair { 
public ConcurrentExclusiveSchedulerPair(); 

public TaskScheduler ExclusiveScheduler { get; } 
public TaskScheduler ConcurrentScheduler { get; } 

// flpyrwe MeTOAbi He noKa3aHbi 

} 

3K3eMnjuip 3Toro KJiacca coAepscHT Aea o6beKTa TaskScheduler, KOTopbie co- 
BMecTHO peajiH3yiOT ceMaHTHKy HTeHiin/3anricn npn njiaHiipoBaHini 3aAaHnft. Bee 3a- 
AaHHH, 3anjiaHnpoBaHHbiec Hcnojib30BaHneM ExclusiveScheduler, bbiiio./maiOTCM no 
OAHOMy — npil OTCyTCTBIIII BbinOJIHHeMbIX 3AAaH, 3anAaHIipOBaHHbIX c IICnOJIb30BaHIieM 
ConcurrentScheduler. H kohchho, Bee 3AAaHH, 3anjiaHiipoBaHHbie c iKaio.Tb30baimc.Yt 
ConcurrentScheduler, MoryT bbino.iimbca OAHOBpeMeHHO — npnOTcyTCTBim libiiio.i- 
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HaeMbix 3a/iaHHH, aaiiaaimpoBaimiiix ExclusiveScheduler. IIpHMep iicnojib30BaHi«i 
KJiacca ConcurrentExclusiveSchedulerPair npeACTaBJieH iih>kc: 

private static void ConcurrentExclusiveSchedulerDemo() { 
var cesp = new ConcurrentExclusiveSchedulerPair(); 
var tfExclusive = new TaskFactory(cesp.ExclusiveScheduler); 
var tfConcurrent = new TaskFactory(cesp.ConcurrentScheduler); 
for (Int32 operation = 0; operation < 5; operation++) { 

var exclusive = operation < 2; // fl/in AeMOHCTpapnn co3AaiOTCA 

// 2 MOHono/ibHbix m 3 napaAAeAbHbix 3aflaHna 

(exclusive ? tfExclusive : tfConcurrent).StartNew(() => { 

Console.WriteLine("{0} access", exclusive ? "exclusive" : "concurrent"); 

// TODO: 3flecb Bbino/iHfleTca MOHonoAbHafl 3anncb mam napaaaeabHoe HTeHne... 

}); 

} 

} 

K coacajicim 10 , .NET Framework He npe/LOCTaBjiaeT acriHxpoHHbix cpe/tcns 6 jiokii- 
pOBKI-I C CeMaHTIIKOH MTCI11Ul/.iaiII1CI1. Bll|)()MCM, A ('03/1,331 TaKOH KJiaCC, KOTOpblH Ha3BaJI 
AsyncOneManyLock. Oh Hcnojib3yeTCH no TeM ace npuHnnnaM, hto h SemaphoreSlim: 

private static async Task 

AccessResourceViaAsyncSynchronization(AsyncOneManyLock async Lock) { 

// TODO: 3aecb Bbino/iHHeTCfl akd6om koa... 

// nepeAaPiTe OneManyMode.Exclusive mam OneManyMode.Shared 
// B 3aBMCMM0CTM ot HywHOro napaAneAbHOro AOCTyna 

await asyncLock.AcquireAsync(OneManyMode.Shared); // 3anpocMTb o6uimm AOCTyn 
// KorAa ynpaBAeHMe nepeAaeTCA b 3Ty TOHKy, nOTOKM, BbinOAHAiomMe 
// 3anMCb B pecypc, OTCyTCTByiOT; Apyrne nOTOKM MOryT SMTaTb AaHHbie 
// TODO: HTeHMe m3 pecypca... 

// 3aBepuiMB pa6oTy c pecypcoM, CHMMaeM 6AOKMpoBKy, MT 06 bi pecypc 
// CT3A AOCTynHbIM AAfl APyrMX nOTOKOB. 

asyncLock.Release(); 

// TODO: 3Aecb BbinoAHHeTCA ahd6om koa... 

} 


Hnace npiiBeneH koa Moeii peajni3au,HH AsyncOneManyLock. 

public enum OneManyMode { Exclusive, Shared } 

public sealed class AsyncOneManyLock { 

#region Lock code 

private SpinLock m_lock = new SpinLock(true); // He McnoAb3yeM 

// readonly c SpinLock 

private void Lock() { Boolean taken = false; m_lock.Enter(ref taken); } 

private void UnlockQ { m_lock.Exit(); } 

ttendregion 

ttregion Lock state and helper methods 

npodojincenue & 
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private Int32 m_state = 0; 

private Boolean IsFree { get { return m_state == 0; } } 

private Boolean IsOwnedByWriter { get { return m_state == 1; } } 

private Boolean IsOwnedByReaders { get { return m_state > 0; } } 

private Int32 AddReaders(Int32 count) { return m_state += count; } 

private Int32 SubtractReader() { return m_state; } 

private void MakeWriter() { m_state = 1; } 

private void MakeFreeQ { m_state = 0; } 

ttendregion 

// fl/lf! OTCyTCTBMR KOHKypeHUMM (c qe/lbK) y/iyHWeHMfl np0M3B0flMTenbH0CTM 
// u coKpameHun 3aTpaT naMATu) 

private readonly Task m_noContentionAccessGranter; 

// Ka>Kflbiii oxnflaioinuki noTOK 3anucu npo6y>KflaeTCfl nepe3 cbom o6teKT 
// TaskCompletionSource, HaxoflBmMficfl b onepean 

private readonly Queue<TaskCompletionSource<Object>> m_qWaitingWriters = 
new Queue<TaskCompletionSource<Object>>(); 

// Bee oxniflaioinue noTOKu HTeHUB npo6y>KAaK>Tcfl no oflHOMy 
// o6teKTy TaskCompletionSource 

private TaskCompletionSource<Object> m_waitingReadersSignal = 
new TaskCompletionSource<Object>(); 
private Int32 m_numWaitingReaders = 0; 

public AsyncOneManyLock() { 

m_noContentionAccessGranter = Task.FromResult<Object>(null); 

} 


public Task WaitAsync(OneManyMode mode) { 

Task accressGranter = m_noContentionAccessGranter; // npeflno/iaraeTca 

// OTCyTCTBkie KOHKypeHUMU 


Lock(); 

switch (mode) { 

case OneManyMode.Exclusive: 
if (IsFree) { 

MakeWriter(); // 5e3 KOHKypemquu 

} else { 

// KoHKypeHunfl: ctbbum b OMepeflb HOBoe 3aaaHue 3anncu 
var tes = new TaskCompletionSource<Object>(); 
m_qWaitingWriters.Enqueue(tes); 
accressGranter = tes.Task; 


} 

break; 


case OneManyMode.Shared: 

if (IsFree || (IsOwnedByReaders && m_qWaitingWriters.Count == 0)) { 
AddReaders(l); // OTcyTCTBue KOHKypeHquH 
} else { // KoHKypeHLinfl 

// YBenuMUBaeM KO/iniuecTBO OKuaammux 3aflaHnii HTemna 
m_numWaitingReaders++; 
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accressGranter = 

m_waitingReadersSignal.Task.ContinueWith(t = > t.Result); 

} 

break; 

} 

Unlock(); 

return accressGranter; 

} 

public void ReleaseQ { 

TaskCompletionSource<Object> accessGranter = null; 

Lock(); 

if (IsOwnedByWriter) MakeFreeQ; // yw/io 3aflaHue 3anncn 
else SubtractReader(); // yw/io 3aflaHue HTeHUR 

if (IsFree) { 

// Ec/in pecypc cBo6oAeH, npo6yflHTb OflHO OKMflaramee 3aflaHne 3anncn 
// K/1H BCe 3aA3HMB MTeHUB 
if (m_qWaitingWriters.Count > 0) { 

MakeWriter(); 

accessGranter = m_qWaitingWriters .DequeueQ; 

} else if (m_numWaitingReaders > 0) { 

AddReaders(m_numWaitingReaders); 
m_numWaitingReaders = 0; 
accessGranter = m_waitingReadersSignal; 

// C03flaHne hoboto o6beKTa TCS flnn 6yAymnx 3aflaHnii, 

// KOTOpbiM npnfleTcs 0)KHAaTb 

m_waitingReadersSignal = new TaskCompletionSource<Object>(); 

} 

} 

Unlock(); 

// npo6y>KAeHne 3aAaHu« MTeHnn/3anncn BHe 6/iOKnpoBKM CHkiwaeT 
// BepoaTHOCTb KOHKypeHqnn n noBbiwaeT npon3BOAHTenbHOCTb 
if (accessGranter != null) accessGranter.SetResult(null); 

} 

} 

KaK a v>kc ynoMHHaji, stot koa BOo6me He 6jioKiipyeT Bbino/meHiie noTOKOB, no- 
CKOJibKy b ero isnyipeimeii peajiH3au;HH He HCiio.ib.'iyiOTCM KOHCTpyKiiHH ha pa. B HeM 
Hcnojib3yeTCH Kjiacc SpinLock, b peajiH3an;HH KOToporo 3a/i,ei ; ic'moiiamii KOHCTpyKijHH 
nojib30BaTejibCKoro peacHMa. Ho ecrni bbi BcnoMHHTe H3 o6cy>K/i,eimM SpinLock b i.ia- 
Be 29, 3TOT Kjiacc C/ICAVCT HCn0JIb30BaTb TOJIbKO J(J\A CCKHHFT K()/I,a, 3aiiC/l,OM() li 1,1110.1- 
HHeMbix 3a KopoTKoe h Koiie'inoe BpeMH. npoaHajni3HpoBaB Moii mctoa WaitAsync, bbi 
yBHAHTe, [ ITO BO BpeMH VACp'/Kami A 6jIOKIipOBKII H OrpaHIIHHBaiOCb IKtilia'IinCJliaiblMII 
U.ejIOHHCJieHHblMH BblHHCJieHIIHMH H CpaBHeHHHMH H, B03M0HCH0, 003/1,31111CM o6beKTa 

TaskCompletionSource h ero /[.ooan.rcii iic.vt b O'lcpe/n,, Bee 3to He 3aiiMeT mhoto Bpe- 
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mchii, noaTOMy 6jioKiipoBKa 3aBe/i,OMO 6ya,eT yuepaaiBaTbCH b TeneHiie ohchb KopoTKoro 
npoMeacyTKa. 

Aiia.ioi ii'iiiiiiM o6pa30M mcto/i Release oipaiiii'inisacTO-i u.ejiOHHCJieHHbiMH bm- 
HHCJieHHHMH, cpaBHemieM h, bo3mo5kho, BbiBefleHiieM o6beKTa TaskCompletionSource 
H3 oaepe/pi hjih ero co.'s/uiiiiicm. Bee sto to>kc nponcxoAHT O'leiib 6biCTpo. Bee sto no- 
3bojihjio MHe c yBepeHHOCTbio Hcnojib30BaTb Spin Lock 3amHTbi AOCTyna k Queue. 
BbinojiHeHiie noTOKOB iiiiKor/i,a He 6jiOKiipyeTCH, 'no cnoco6cTByeT HanucaHiiio Mac- 
niTa6HpyeMoro, 6biCTporo Kona. 


Knaccbi KO/iJieKui/m 

fl/i5i napa/iJie/ibHoro AOCTyna 

B FCLcymecTByeT 'ici bipc6e3onacHbix b OTHomemiii noTOKOB KJiacca ico. : i. : iciamii, npii- 
Ha/yieacamux npocTpaHCTBy hmcii System. Collections. Concurrent: ConcurrentQueue, 
ConcurrentStack, ConcurrentDictionary h ConcurrentBag. Bot KaK BbirjiHAHT Han- 
6ojiee nacTO ncnojib3yeMbie 'uiema: 

// 06pa6oTKa a/ieivieHTOB no a/iropuTMy FIFO 

public class ConcurrentQueue<T> : IProducerConsumerCollection<T> J 
IEnumerable<T> J ICollection, IEnumerable { 

public ConcurrentQueue(); 

public void Enqueue(T item); 

public Boolean TryDequeue(out T result); 

public Int32 Count { get; } 

public IEnumerator<T> GetEnumerator(); 

} 

// 06pa6oTKa a/ieivieHTOB no a/iropuTMy LIFO 

public class ConcurrentStack<T> : IProducerConsumerCollection<T>., 

IEnumerable<T> J ICollection, IEnumerable { 

public ConcurrentStack(); 

public void Push(T item); 

public Boolean TryPop(out T result); 

public Int32 Count { get; } 

public IEnumerator<T> GetEnumerator(); 

} 

// HeCOpTkipOBaHHblM Ha6op aaeMeHTOB C B03MO)KHOCTblO XpaHeHUB fly6ak1KaT0B 

public class ConcurrentBag<T> : IProducerConsumerCollection<T>, 

IEnumerable<T> J ICollection, IEnumerable { 

public ConcurrentBag(); 

public void Add(T item); 

public Boolean TryTake(out T result); 
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public Int32 Count { get; } 

public IEnumerator<T> GetEnumerator(); 

} 

// HecopTupoBaHHbiii Ha6op nap k/ik)h/ 3HaHeHne 

public class ConcurrentDictionary<TKey, TValue> : IDictionary<TKey, TValue>, 
ICollection<KeyValuePair<TKey, TValue>>, IEnumerable<KeyValuePair<TKey, 

TValue>>, IDictionary, ICollection, IEnumerable { 

public ConcurrentDictionaryO; 

public Boolean TryAdd(TKey key, TValue value); 

public Boolean TryGetValue(TKey key, out TValue value); 

public TValue this[TKey key] { get; set; } 

public Boolean TryUpdate( 

TKey key, TValue newValue, TValue comparisonValue); 
public Boolean TryRemove(TKey key, out TValue value); 
public TValue AddOrUpdate( 

TKey key, TValue addValue, FunccTKey, TValue> updateValueFactory); 
public TValue GetOrAdd(TKey key, TValue value); 
public Int32 Count { get; } 

public IEnumerator<KeyValuePair<TKey, TValue>> GetEnumerator(); 

} 

3th Kiiaccbi KOJUieKiiiiii hbjihiotcji i[c6.tokti|)\toiuhmii. I Ipn nonbiTKe ii.'siitcmI) Hecy- 
mecTByrouiHH ajieMCHT iiotok HeMeAAeHHO B03BpamaeT ynpaBaemie, a He 6jioKiipyeTca, 
oaciiAaa noHBJiemiH aACMCHTa. Hmchho nosTOMy Taicne MeTOAbi, KaK TryDequeue, TryPop, 
TryTake h TryGetValue, npn rrojiy'iciinn a.iCMema B03Bpamai0T .inaneime true, a npn 
ero neB03M0'/KTi0CTu — false. 

XOTH 3TII KOJUieKIlHII HBJIHIOTCH He6jIOKIipyiOmHMH, 3T0 BOBCC 11C O.'SliaAaCT, ATO OHII 

o6xoahtch 6e3 CHHxpoHH3aiiHH. Kjiacc ConcurrentDictionary BHyTpemie ncnojib3yeT 
KJiacc Monitor, ho 6noKiipoBKa yAepaciiBaeTcn tojibko Ha KopoTKoe BpeMH, Heo6xoAii- 
Moe aah pa6oTbi c 3Ae.viemo.vi KOJiJieKUHH. B to ace ispcMH Kjiaccbi ConcurrentQueue 
h Concur rentStack /yra MaHimyimpoBaHiiH koaackhhcii ncnojib3yiOT MeTOAbi Interlocked 
h nosTOMy o6xoahtch BOo6me 6e3 6jioKiipoBaHiiH. Oaiih o6beKT ConcurrentBag BHyTpeH- 
He COCTOIIT H3 o6bCKTa MHHH-KOJIJieKUHH AAJI KaaCAOTO nOTOKa. IIpH Ao6aBJieHIIH HOBOTO 
ajieMeHTa mctoah Interlocked noMeuiaiOT ero b m h i i h - k oa a ck h h io Bbi3biBaiOHi,ero noTOKa. 
IIpH nonbiTKe iiaii/iCMb sacmcht ero HaAiiAiie onuTb ace npoBepaeTca b mhhh-koaackhiiii 
B bi3biBaiorLi:ero noTOKa. 11 pit o6HapyaceHiiH ajieMeHTa 3aAeHCTByeTCH mctoa Kjiacca 
Interlocked. Ecaii ace sacmchtb paccMaTpiiBaeMoii mhhh-koaackiihh OTcyTCTByeT, Me- 
TOAbi Kaacca Monitor H3BAeicaiOT ero H3 mhhh-koaackiihh Apyroro noTOKa. Mbi roBopiiM, 
ato HMeeT mccto 3axeam (stealing) SACMCHTa y Apyroro noTOKa. 

06paTiiTe BHiiMaHiie, ato Bee paccMaTpiiBaeMbie Kaaccbi o6aaAaioT mctoaom 
GetEnumerator, o6maho ncnoAb3yeMbiM b iiHCTpyKiimi C# foreach, ho AonycTHMbiM 
h b H3biKe LINQ. J\jm KaaccoB ConcurrentStack, ConcurrentQueue h ConcurrentBag 
MeTOA GetEnumerator co3AaeT chiimok coaepacHMoro KoaaeKn,iin h B03BpamaeT 3a- 
cjiHKCHpoBaHHbie 3, : iCMem i)[; npn stom peaabHoe coAepacHMoe KoaaeKiiiiii yace MoaceT 
H3MeHiiTbCH. MeTOA Get E nume r at or Kaacca ConcurrentDictionary He (juiKcupyeT 
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co/iepacHMoe kojtjtckuhh, a ;siia'iriT, b npou,ecce npocMOTpa cjiOBapa ero bha mo>kct 
noMeHHTbCH; 06 3tom cjieAyeT noMHiiTb. Cbohctbo Count B03Bpaiu,aeT KOJinnecTBO 
ajieMeHTOB b KOJiJieKpHH Ha MOMeHT 3anpoca. Ecjih apyi iic noTOKii b sto is pc .vim js,o- 
oaii. iHioT 3. : icMeim,i b kojuickuhio hjih H 3BJieKaiOT hx orry/ia, B03BpameHHoe siia'ieiiue 

MO/KCT O Kasax bCH HeBepHbIM. 

Kjiaccbi ConcurrentStack, ConcurrentQueue h ConcurrentBag peajni3yiOT HHTep- 
cjjeHC IProducerConsumerCollection, KOTopbifi BbirjiHAHT cjienyiomHM o6pa30M: 

public interface IProducerConsumerCollection<T> : IEnumerable<T>, 

ICollection, IEnumerable { 

Boolean TnyAdd(T item); 

Boolean TryTake(out T item); 

T[] ToArray(); 

void CopyTo(T[] array, Int32 index); 

} 

JI1060H pCajIH3yTOIHHit AaHHblH MHTCpcjiCHC Kjiacc M05KeT npCBpaTHTbCH B 6jIOKIipyiO- 
11 iv 10KOJUieKUHK). IIotok, /tooaiuaioiuiiii ojie.YKTiTbi, 6jiOKiipyeTCH, ec./iu KOJUieKiiira yace 
3anojiH6Ha, a noTOK, yuajunomnii ajieMeHTbi, 6jioKiipyeTCH, ecjin OHa nycTa. Pa3yMeeTca, 
a no B03M0acH0CTH CTapaiocb H36eraTb TaKiix kojtjtckuhh, bc/Hi ohh iipc;i,iia3i[a , [('mii 
HMeHHO ;i,./i 'a 6aoKiipoBKii noTOKOB. /[./i a npeo6pa30BaHim kojtjtckuhh b 6jioKiipyiomyio 
C03naeTCH Kjiacc System.Collections.Concurrent.BlockingCollection,KOHCTpyK- 
Topy KOToporo nepenaeTCH ccbuiKa Ha He6jiOKiipyiomyio kojuickiihio. 3tot Kjiacc bm- 
rjiHAHT cjienyiomHM o6pa30M (HeKOTopbie MeTOAbi He noKa3aHbi): 

public class BlockingCollection<T> : IEnumerable<T>, ICollection, 

IEnumerable, IDisposable { 
public BlockingCollection( 

IProducerConsumerCollection<T> collection, Int32 boundedCapacity); 

public void Add(T item); 
public Boolean TryAdd( 

T item, Int32 msTimeout, CancellationToken cancellationToken); 
public void CompleteAdding(); 

public T TakeQ; 
public Boolean TryTake( 

out T item, Int32 msTimeout, CancellationToken cancellationToken); 

public Int32 BoundedCapacity { get; } 
public Int32 Count { get; } 

public Boolean IsAddingCompleted { get; } // true, ec/in BbBBaH MeTOfl 

// AddingComplete 

public Boolean IsCompleted { get; } // true, ec/in BbBBaH MeTOfl 

// IsAddingComplete m Count==0 

public IEnumerable<T> GetConsumingEnumerable( 

CancellationToken cancellationToken); 


public void CopyTo(T[] array, int index); 
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public T[] ToArrayO; 
public void Dispose(); 

} 


ITpii KOHCTpyHpoBaHHH 3K3eMnjDipa BlockingCollection napaMeTp bounded- 
Ca pa city noKa3bmaeT .viaK'diMaibiio AonycmMoe Ko.iirtccmo ojicmc'iitoh koaackuhh. 
Ecah noTOK Bbi3biBaeT mcto/i Add v>kc aaiio.meimoii Ka i./iciamn, oh 6./i()KiipycTca. 
BnponeM, noTOK moacct Bbi3BaTb MeTOA T ryAdd, nepe^aB eMy BpeMH 3aA,epacKii (b mha- 
AHceKyHAax) h/mh o6beKT CancellationToken. B peav.ibTaTC noTOK ojioKiipycTCH 
AO Ao6aBJieHiiH 3AeMeHTa, OKOHnaHiiH BpeMeHii OACHAaHHA hah otmchbi o6beKTa 
CancellationToken (miacc CancellationToken noApo6HO paccMaTpiiBaAca b raaBe 27). 

KAacc BlockingCollection peaAH3yeT nirrepijieiic IDisposable. B HTore mctoa 
D ispose Bbi3biBaeTCH aah BHyTpeHHeii KOAAeKiiiiii h y/ia./iaeT 3aoAHO ABa o6beKTa 
SemaphoreSlim, HcnoAb3yeMbie KAaccoM aah 6aokiipobkii noTOKOB-npoH3BOAHTeAeH 
h noTOKOB-noTpe6HTeAeH. 

3aBepmiiB Ao6aBAeHiie 3AeMeHTOB b ko. i./i(‘Khiiio, noTOK-npoii3BOAHTeAb AO. : i/iceii 
Bbi3BaTb MeTOA CompleteAdding. 3 to js,a ct noHHTb noTOKy-noTpe6HTeAio, hto 6oAbine 
3A6MeHTOB He 6y act h uiika foreach, ncnoAb3yiomiiii o6beKT GetConsumingEnumerable, 
3aBepmiiTCH. IIoKa3aHHbiH ahacc koa ACMoiicTpn|)ycT, KaK opraHii30BaTb cpeHapHH 
c yracTHCM 111)0n.a boa h tca a /1 K)Tpe 611 tca a h cnma. iOM o 3aBepmeHiiii: 

public static void Main() { 

var bl = new BlockingCollection<Int32>(new ConcurrentQueue<Int32>()); 

// noTOK ny/ia no/iynaeT a^eMeHTbi 

ThreadPool.QueueUserWorkItem(ConsumeItems , bl); 

// flo6aBnaeM b KO/i/ieKpmo 5 3/ieMeHTOB 
for (Int32 item = 0; item < 5; item++) { 

Console.WriteLine("Producing: " + item); 
bl.Add(item); 

} 

// HHcjiopMMpyeM noTOK-noTpe6nTe^bj hto 60/ibwe 3/ieMeHTOB He 6yaeT 
bl.CompleteAdding(); 

Console.ReadLineQ; // pe/ieii TecTMpoBaHMa 

} 

private static void ConsumeItems(Object o) { 
var bl = (BlockingCollection<Int32>) o; 

// BnoKkipyeM flo no/iyneHHH 3/ieMeHTaj 3aTeM o6pa6aTbiBaeM ero 
foreach (var item in bl.GetConsumingEnumerableQ) { 

Console.WriteLine("Consuming: " + item); 

} 

// Ko/i/ieKpHH nycTa in TaM 6oyibwe He 6yfleT 3 /ieMeHTOB 

Console.WriteLine("All items have been consumed"); 

} 
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ITocjie m.mo. iiicmiH /i,ai11ioro i<o;i,a a nojiyaaio: 

Producing: 0 
Producing: 1 
Producing: 2 
Producing: 3 
Producing: 4 
Consuming: 0 
Consuming: 1 
Consuming: 2 
Consuming: 3 
Consuming: 4 

All items have been consumed 

Ecjiii Bbi nonpo6yeTe 3anycTHTb stot koa, ctpohkh Producing (npoii3BOACTBo) 
h Consuming (noTpe6aeHiie) MoryT 6biTb nepeMemaHbi, ho crpoica All items have been 
consumed (Bee .':). : ic.vicm p>i iio'ipcojicnbi ) Bcerna 6y/teT 3aMbiKaTb cnucoK BbiBOna. 

Kaacc BlockingCollection o6aanaeT TaKAce CTaTHHecKiiMH MeTOAaMH AddToAny, 
TryAddToAny, TakeFromAny h TryTakeFromAny. Bee ohii npHHHMaiOT b KaaecTBe napaMe- 
TpoB KOJUieKiiiiio BlockingCollectioncT > [ ], a KpoMe Toro, aaeMeHT, BpeMH oaciinamia 
h o6beKT CancellationToken. MeTOAbi (Try)AddToAny u,hk jniaecKii npocMaTpHBaioT 
Bee kojuickuiih b MaccHBe, noKa He oonapyacuiiaioT koa.icktiiiio, cnoco6Hyio npiiHHTb 
HOBbni aaeMeHT. MeTOAbi (Try)TakeFromAny iiiiKJiiiHecKii npocMaTpHBaioT Bee koji- 
jieKLuiii ao oonapyaccmiM toh, h3 kotopoh moacho u.'siucmi, aaeMeHT. 



C/lOBapb COOTBeTCTBMfl 
PyCCKOB3blHHblX 
M aHr/10B3blHHblX TGpMI/IHOB 


PyCCKOH3bIHHbIH TepMHH 

AjibTepHaTHBHbie nepeBOflbi 

AHrjIOH3bIMHbIH TepMHH 

aKTHBHblH nOTOK 

BbICOKOnpHOpHTeTHblH nOTOK 

foreground thread 

apHOCTb 


arity 

6jIOKHpOBKa 


lock 

BepH(J)HKaitIIH 

npoBepKa 

verification 

B3aiiMHaa djioiaipoBKa 


deadlock 

BCTpoeHHblH 


inline 

jxejierai: 


delegate 

jxecepn2um32LHnx. 


deserialization 

AecKpHnTop 


handle 

AOMeH npHJIO)KeHH5I 

Kjiacc nepe3 KOTopbiH peajiH3yeTCH 
AOMeH npHJIO>KeHH5I 

AppDomain 

3a/i,aHHe 

32LJX2LH2L 

task 

3aKpbITbie THIIbl 

Heo6o6meHHbiii Tun 

closed types 

3aKpbITbIH 


private 

3aneHaTaHHbiH Kjiacc 

HeHacjieAyeMbiH Kjiacc 

sealed class 

3amHmeHHbIH 


protected 

3HaHHMbIH THII 

HeCCblJIOBHblll Tim (Tim 3HaqeHHH) 

value type 

KJIOHHpOBaHHe 

C03A3HHe KOnHH 

cloning 

KOBapnaHTHblH 


covariant 

KO^OBaa CTpaHHu,a 

KO^HpOBKa, CTpaHHU,a KOJXOB 

code page 

KOHTpaBapHaHTHblH 


contra-variant 

KOHTpOJIb BepCHH 

pa6oTa c pa3HbiMH BepciiHMii 

versioning 

KOpTe^K 


tuple 

Kyna 


heap 

MaHH(J)ecT 


manifest 
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PyCCKOH3bIMHbIH TepMHH 

AjibTepHaTHBHbie nepeBOflbi 

AlirjIOSKSbPtHblH TepMHH 

MaCCHB 


array 

ManiHHHblH 

poAHoft, ecTecTBeHHbift, npe/iHa- 
3HaaeHHbift cnepnajibHO mix (3a- 
BHCHT OT KOHTeKCTa) 

native 

MeTa^aHHbie 


metadata 

MeTo/i o6paTHoro Bbi30Ba 


callback method 

Mejojx pacniHpeHHH 


extension method 

MeTO^bi AOCTyna 

aKceccopbi (cjieHr) 

accessor methods 

MbIOTeKC 


mutex 

HacjieAOBaHHe 


inheritance 

HacTpanBaeMbift aTpn6yT 

nojib30BaTejibCKnii aTpudyT 

custom attribute 

HeperyjiBpHbiH mbcchb 

pBaHblH MaCCHB, MaCCHB CO CTpoica- 
mh pa3Horo pa3Mepa 

jagged array 

HeynpaBjmeMbiH 


unmanaged 

HeHBHblH 


implicit 

o6o6meHHbiii 


generic 

odojIOUKa COBMeCTHMOCTH 


shim 

o6pa6oT<UIK Co6bITHH 


event handler 

orpaHHneHHe 


constraint 

OTKpbITblH 


public 

OTJIOyKeHHaH HHHIJHajIH- 

3aiJH5I 


lazy initialization 

OTpa^ceHHe 


reflection 

napaMeTp-THn 

napaMeTp rana 

type parameter 

neperpy3Ka 


overloading 

riepeonpe,n,ejieHHe 


override 

nepeHHCJIHMblH ran 


enumerated type 

njiaHHpoBmHK 


scheduler 

no/i,CHeT ccbuiOK 


reference counting 

no3/i,Hee CB5i3biBaHHe 


late binding 

noTOKOBaa MOjxejib 


threading model 

npeo6pa30BaHHe Tima 

npHBe/i|6HHe thiiob, npHBe,zj6HH6 k 
rany 

casting 

npHBa3Ka 

CBH3bIBaHHe 

binding 
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PyCCK0H3bIMHbIH TepMHH 

AjibTepHaTHBHbie nepeBOflbi 

AHrjIOH3bIUHbIH TepMHH 

npmiOyKeHHe 


application 

nporpaMMHblH KOHTpaKT 

CTaH^apTbi KO/i,a, ycjiOBHH /yin 

Ko,aa, KOHTpaKT jxjin Ko,aa 

code contract 

npoABH^KeHHe 

CBH3biBaHHe ynpaBJineMoro h He- 
ynpaBjmeMoro KO^a 

marshaling 

npOCTpaHCTBO HMeH 


namespace 

nyji noTOKOB 


thread pool 

pa36npaTb 

(BbinojiHHTb) CTpyKTypHbiii aHajni3 

parse 

pa3BepTbiBaHHe 

pacnpocTpaHeHHe, ycTaHOBKa npn- 
jio^ceHHH Ha Apyrae KOMnbiOTepbi 

deploying 

pa3MemeHHe, xoeraHr 


hosting 

paHHee CBH3biBaHHe 


early binding 

pacnaKOBKa 

H3BjieueHiie 3HaueHna 113 o6beKTa 

unboxing 

pacnpe^ejieHHoe npnjio- 

}KeHHe 


distributed application 

peraoHajibHbie CTanaapTbi 


culture 

c no/mepxKoft null 

o6HyjiHeMbiii 

nullable 

c6opKa 

KOMnOHOBKa, KOMnOHOBOHHblH 

4>aHji, 4>aHji c6opKH 

assembly 

ceMacjrop 


semaphore 

cepHajm3aijHH 


serialization 

cjia6aa ccbunca 


weak reference 

CCbUIOHHblH THII 


reference type 

CTporaa ccwjiKa 

CHjibHaa ccbuiKa 

strong reference 

y6opKa Mycopa 


garbage collection 

ynaKOBKa 

npuBe^emie k o6beKTHOMy Tiiny 

boxing 

ynpaBJiaeMbiH kojx 


managed code 

4)HHajIH3aiJHH 


finalization 

4)OHOBblii nOTOK 

HH3KOnpHOpHTeTHbIH nOTOK 

background thread 

xem-KOA 


hash code 

4aCTH4HbIH MCTO# 


partial method 

3K3eMnJI5ipHbIH MeTOA 

MeTOA 3K3eMnji5ipa 

instance method 

HBHbIM 


explicit 

HAPO 


kernel 
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3aBeayiomHH peflaKipieii 
PyKOBOfliiTejib npoeKTa 

Beaymufl peaaKTop 
XyaoJKecTBeHHbiH peaaKTop 
KoppeKTop 
BepcTKa 


A. Kpueupe 

A. lOpueHKO 
K>. CepzueHKo 
Jl. AdyeecKax 

B. JIucmoea 
Jl. PoduoHoea 
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